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THE GROWTH AND RESEARCH OF HIGH
PERFORMANCE REBCO HIGH TEMPERATURE
SUPERCONDUCTOR

ABSTRACT

REBCO high temperature superconductors and superconducting techniques have attracted
much attention for years, because of their great potential for engineering applications, especially
in superconducting energy storage, motors, maglev transportation and bearing. All these
applications are premised on the mature techniques of preparing high performance REBCO
superconductors. For REBCO bulk superconductors, they are generally required to be large in size,
high in both superconducting transition temperature (T) and critical current density (J¢). And, the
top-seeded melt-growth (TSMG) is considered to be the most promising method for fabrication.
So far, there are mature techniques in the growth of large-sized YBCO bulks, even in the batch
process. The LREBCO (LRE=light rare earth element) superconductors, compared with the
YBCO superconductors, are much more preferable in superconducting properties and enjoy more
application prospect. However, at the same time, the preparation of large size and high
performance LREBCO bulk superconductors becomes extremely difficult, due to its high
peritectic reaction temperature (Tp) and serious substitution between LRE* and Ba®.
Comprehensively considering the factors, such as the superconducting performance and the size
of the bulk, suitable seed , the complexity and repeatability of the preparation technique, it is
important to explore simple and convenient method for the preparation of large size and high
performance LREBCO high temperature superconductors.

This thesis is mainly focused on the following aspect: Constructing the
Time-Temperature-Transformation diagram and considering the solubility curve of Nd-Ba-Cu-0O,
we developed a novel synthesis route: cooling-rate-controlled melt-growth. By fast cooling,
superior to previously-reported air-processed bulks, we succeeded in fabricating an Nd-Ba-Cu-O
bulk (16 mm in diameter), exhibiting high critical transition temperature of 94 K.

Key Words: high temperature superconductor, LREBCO bulk superconductor, top-seeded

melt-growth, continuous growth, fast cooling
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T, HEE T M0 x MR REsE/RED 2 —ooiimE; = ook B
Se LR, RS A P R R A T

2.1.1 YBCO R R EI X &R

W 2-1 AtoR, Y123 (145 -5 Ak e DR 1R S B2 i

Y123<Y211+L
Y211<Y200+L
e
son Experimental
Y504 + Liguid q
1230°C
.............. R LTt et
1200 I Calculated
E by Lee et al
£ Y.BaCuOj
E 1100 | + Liquid
5
= 1002°C
1000 :YBqCu:,_D’-rLj:quid 064°C
YBa,Cuy)y rommmmmrmmsmmsssmesmmmteeneteeee
! YBa;Cus0,
+ BaCu(y + Liquid 902°C
9{[} T N S Y j’_f Bmdm e gy gy e p gy

0.50 0.45 0.15 0.10 0.05 0.00
Y;BaCuOs Mole fractoin YO1.5 3BaCuO,

+ 2Cu0

& 2-1 2254 Y123-Y211-BasCusOs RZEHIAR B
A, BT R ml, Y123 FHIEA G 2 FAR R Y211 ABFRAH L, T 249

28 T4t 21 T
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MG T AN, CEAHZRIR B 2Tt Y211 A, 4RE: 415 Y211 FRRE 238 i A, 8 s
MAEE Y123 #H. X —ARALAE Y123-Y211-Ba3Cub08 e Bk i & ] LA S 2 825, %
MEHILEH T Lee S5 N @ # )50 H B RARZE , 7T LLE B7E 960-1002°C i B 6 L,
WARZR R T Y211 AR B AR s, e BV AN Y123 AH PR AH-P4 X I & Y211 A
I T B R AU/ . GBI AT Krauns BLK Krabbes 25 AR SZI6 8088 LU R B, BARE B M
A (AR AR S, (ER THEE L SEB0 B0 K T s DA b o X — iR Z R I AT DU R R TH R
A FH () 38 2 5500 B AT, DRI /AR AR P15 O N A T B~ 18 245 B 4 e P v A 1 v
R AR . 722 SRS, T Y 7F BaCuO A VARR I IRIK, SERAAEZE
REEK, R AR KR B g, R AS B A B Al AT AR K
2.1.2 HAth REBCO 1A & [ HH B % &

1600

1500

1400

Temperature(K)

1300

1200

REO ;| 5 mole fraction (x 10-2)

B 2-2 =5IBEF RE JTLRTE BaCuO 1AV HH 75 A7 B 15 B b 2%

K 2-2 %5 RE J65 BaCuO ¥ HF IOV R IEL 1S R0 SRATRT AR Y, B
TIRE LA A, REBCO AR MM NIEEFRE 2 TR, RE JCER MR R
B, T HBAHZR ARG BT T o LI T T 3 I A P R BURE 2 A 1K AR AN R 5 T A AR [ B
BRI E . He, SmynEM Nd Jo R B A IR VS AR i s, 700N 1.7 at%fil 3.2 at%, K
KT Y WEMEE (0.7at%) o Ft, MAEEREAR SEEKEE. B2 TAS
B3k 2R LA Y123 Mk, 7E 3% LREBCO 1k &, BT LRE 3+ 1Al Ba2+5 11
PR, WERAER A BRI LR, B LREBCOss [, [EWEAAMIIE X i
PR PO SRS P2 AR KRS, AT e HPE R

Bribz 4b, S5 4%t RE-Ba-Cu-O R G MIAREE K AHK RA TN . W YBCO ¥ Tp 7E
2 H (p02=0.21atm) A/ (pO2=latm) 1 20 A 4. HHEREDE T, RE TR
BRI AR R A T, AR T HAKEERNIES. 55—, EIRES ER)
WELR, LRE M1 Ba Z[A] (1) BARRT DLA o], M4z ik LREBCOSss [F i AH B % H,
K LREBCO MEHIH k2 —. L BTk, fEAFRSES K IR, SEA
A N T AR A KA R AR S8 .

2.2 BIFERNHNEF

2.2.1 ERAKEKEL A
ST Ak, BT TR P AR B RS (RS B RLAN, B R B AR K R IREN T

%09 T3k 21 W



@) Y XY

B SeuaNGHALJIAO TONG UNIVERSITY 1448 REBCO BB B SHRM AU K R HLAAS
WA IRBN I, HATIES) 7 (A L R R RS . X T WA, H AT A
SR RNE I AR R E I R G R A SR A R SR SRS T B B P A, N T E
B A RS TR L G — B (] st 740 72 . B T 3RS0 S bAAh, — N BRI Bt &%
BTEAL/ frk S RE S AR = 52 . — ki, RE123 M4h g fE T LA K2E — &R 51
o PR, IRk E 211/422 JER AR R AL, B, FERBAE K. TR
B, BEAE RIS kR, Hrad AR S R AE TR, B BN A . A
G RS RIE B FUE, SRR T RS, NAREE; RE SRS KT i
FUER, A% SR B b, GRS SR AR 2R K

2.2.2 fRAEK B AR

SR KB A T EAR R AR &2 R, SRR RS 8 5% 2 K
KHUBIAA . SRR A K B R ST e e . ERT, kA Kah ) S 3 i 52
B T AR 92 Sl gl A R P22 R R S AR PO =

(1) FERECHE i

FEROEMBAL, R LOCH RTEARTEE, DAES R A KA. SRR, 7
JeH L ARG E L W R TS B AN, T TR S HE N B A KA
B A TR RS R R OR AL B B, 7R S A M AR B T R 45 AR K TR
BAFIGE, wAEKhEEREENER. EAKERS, Bk, EuEm EER %k
P, MBI K G, A KT NFR BRI BOE & i\ B R W A A E, )
B FEIREN J 4 PR 2 R 2 B R B, AR R S R . TR AN R
B AR B - O RE, R R IAES A KRR — O, IR T
IR AR EAK, BABRKAEKER, Frf i A1 B 1R s 0 BRI 58 80k

(2) JEFe B R

FETE RO I TR R i 2 A KB TC Y BB BB AL, B FMEERE, B B SR R Sk
BT R SR K. AT ERS I IER G, BTG R AL T
KRB N IREN Sy, SRR R T AR VAN T I i A

(3) MR S T A Ry

FEMDRE A b, R AR K AL R 7B TR R B R PRI, Abkb BAT G AT,
AU DA R KA E . K3 T HE IRy B0 A b, T CAREHLIE S s fir
B NTTHEAT R K.

2.3 REINE

AEEEAU T REBCO KRR —LERAME AR M5, X T RAEERS A4 T
RN A5 00, B AE K IRE) 1 AR B F A o 3K B0 TR SCR AR K I S
o aEETEM.
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F=F ARITEMEE NdBCO LK

4, REBCO il R R AP MR LA K R IR AT S 52 281 1T 32 10 E
7E REBCO & &', YBCO % Gt (W A0 A AE KB AR 5 i, (E& PR RE AR X 45 2% - #H LK YBCO
#4., NdBCO R4 ERIFIHE SR, (HAR EHARVRAE . 1%, BT Nd Al
Ba HI&AR, SEATIRALL > (ki Lh R A, e B PR T SR S . AL,
ES R AKE, SR A SRR, CERAE S HEEE, MAERAE T, &AL
A KO RS o XX AN, 38 I T EA A B (OCMG) FITE A R4 H
FINEHA (CCMG). #Rifi, KA OCMG EARAEM (RIFH SHA ITERE, HAME K
M T HIS R RA, HSzhEfE Rk MR 11 CCMG BAR ELE 5 8, {H 2% NdBCO
B HA RS IO THEIR B &

31 fiRE=

£ REBCO #3441k, NdBCO 8 ST R E M RE 2 f 4 (1. (H2, HTF7E NdBCO
1, Nd** 5 Ba?' 4 fdEwinl, SHORAE Nd 48 Ba, Wi E e, BSHut
MR KR R . AHRIERK, BT Nd B8, £ 4K R NdBCO Hbt A 4 Lk
R ST, BERsr R, FERR, SR E KRR AE 2R 0.

T i NdBCO H Nd xf Ba (&R, WK EA M KA EAEK (OCMG)
M EHEK (CCMG). FHBIMRESEAK, MaEEHAERASETREITE. N
AR R, BEERERIPK, 75, LRELxBa,xCus0y (LRE123s) HIA & B &%
i AN, 7F LRE123g I FA B AL 224 A 2B MK . 15 Nd %} Ba X R 02 38k
PHES FALSA A BRI e IR, A T ORIEAR 220 B P, X R B AR S pldmd] . ATbL, R
HARE S K, B8E BB RIEBAE KA, BRBENBSIERE. Fl, ERED
JE T AK 9 NdBCO #8 S b (iR S A7 5 3 B A 51 95K, HL 5 3¢ i 1R 21,

W5, EEA KSR LREBCO s SHM T e e AT . 76— F 42
NSRS R, TERTIRMA R 5L E B, RE S A BN SA R LRE 5
Ba {148, 40, @i 7E BT IR AA N Sm242 iX— & Bk, LA A& T S A
TR RS A3 95K 19 SmBCO Hetf®, ik 4b, 75 NdBCO 1, [ifi% Nd210%ak Nd2428
33N, NdBCO KR SHEAIE E ek 3 00K, T4R, ZH20 %A K525 SmBCO 14
AR RIE,, (HEXT NdBCO MEHERERIIR T A BRI, 12 KN IX PR bR A B 1
A B,

bRtz 4, SR REATEF AR, SR — MR &SRS T ALK, EESPs
K1) Sm-Eu-Ba-Cu-O &4 1R S A IR B g6 3 05K B4, oA 18, Kojo AR E K
AR, BrIRACR &P Nd123 1 Nd422, A 1°C/h KA E, EsSHhE
K P AR R FE RS A B 95K 15 NdBCO BB SAPEIR. XA S2id ke B TR 4 i v i
XFF- 9 LRE XF Ba HIEAE BB ERIEA

AITXF 2R LREBCO # SARHHE SRR THLER, W13 3-1 o, ATLUGEH, 1E8T
IR A 51N & B 177755 SmBCO 44 &4 5 b i 2 SR, (EXG T NdBCO & R 1Bl
PR IR . ML N, SRR A O T NdBCO (R S I 35 3 I B I 250
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& 3-1 £ LREBCO @SB S AexT L
Liquid cooling Te AT
material composition/precursors rate (K) (K) Reference
Nd123 + Nd422 + Ag20
NdBCO (OCMG) 95 Matsui et.al
SmBCO Sm123 + Sm242 04</h 9 0-1 Sunet.al

NdBCO Nd123 + Nd422 + Nd242 0.2</h 88.1 2.4 Leiet. al
Ba-rich Nd123 + Ba-rich

NdBCO Nd422 1.0 <C/h  94-95 4-5 Kojo et. al
Sm-Eu 123 +
SmMEuUBCO  (SmysEups)2Ba04 1.4<C/h 95 1-2 A Huet. al

SR, R TR 2 b AR K s 3 R IR FE 1Y) NABCO BTS2 il R 75 B2 AR v T 2
B A H R B EANE M . H, BARRERSAE P A K PR RERT NdBCO 1k}, (HEES
BB R AR SOy — BRI . I E A2, 7E2E K NdBCO B iR & — A E
LR, R RS LR T B K .

N gD EIR R, A TE I K SR BEAT 1T T o

3.2 SKhuidiE

TEARTSLIG A, AR AR AT K AR 2 73 & NdgoBay1Cus075, Nd3sBas4Cuy 0105 PA K
Nd,BasCuyO1g0  Hil X A4 M A A it ik [ A5 S B2 73 il il £ 1o AE A £k #EH, NdO3, BaCO5 LA
J CuO MRt EIL ARG, Ra Ak 3 IRFFHATE . MG, XLk Kz
HB NdgoBay 1CU307.5 +10mol % Nds ¢Ba, 4CU; 5010.5 +1 Wt%CeO,, NdggBa, 1Cuz07.5 +10mol %%
Nd3 6Baz 4CU; 80105 +8mol %6 1 Wt%CeO, [ LL BT Ao FRATHISLEE E B A =A5: ok éi
FFM A RIEAZEK, A AN S e ol R 3G IE LK & i S I E A K

(1) Tk 5 S B R e A K

ELHEEFMAEREZEKPSELRF, FATRH WK E R KA 5 H
Ndo.sBa,1Cus075 +10mol % Nds ¢BaysCus g0105 +1 Wt%CeO,, B I 44 5 oK 1% J il i B 4%
20mm, =N 8mm HIEAEEL. ARG, BERHE in#E 1105°C, s 15 34 Pud 2 1069°C .
g, TEREYA Z RT5r 3R 0.3 B 1.0°C/h [FAERZER 20 /N

(2) 274 V3 TN AR 1 BE 2 R (SR AIE

TEIXHB 0, AT R A B AT 3K R B R 4 72 9 NdogBaz1CugO75 +10mol %
Nds3Ba, sCuy §010.5 +1 Wt%CeO, F1 NdggeBa, 1CuzO7.5 +10mol % Nds¢Bay 4Cuq §010.5 +8mol %61
Wt%CeOy FiFilo 15 Fi IR A oK il i BLAE N 20mm, 8 8mm R FE e . SR)E, [BIk: bR
ORI 1105°C, TfiJE 15 A RA ZE 1069°C. i), EREIR VA 2 Al K 5 ¥4 i
2V 20 NI

QR)Fmifs T A K

TEFF BB 5 T M AR K By SEae , FRATTR FH B AT 3R AR 43 K 20 5328 NdogBaz1Cu3O7.s
+10mol % Nds ¢Ba, 4Cu1 60105 +1 Wt%CeO,, {81 NdBCO WA okt e bt kl. 5i4h, Al
JEH] T —ANEAAN Smm [ EAEBROR BT 1B A A Vs g, ARG, BAVES T —AEZEN
20mm, & 13mm RS, O T ORAIE A RS A, X, FRATRA T 52
T A 1 77 vERE, [BRE B SE A 1105°C, ARIE 1.5 /B, TS 15 Z-h g 2 1072°C.
A5, KA 0.15°C/h B4 24 6.7 /M, FEHT 0.3°C/h BL A 0.5°C/h (¥R 474 20 /N,
5 B AD
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S XFEMAERKSEREZ G, AT 0 AT A A KA = B A Perb 97 th RSy

2mm>2mm>imm FIFE i FEAT I A AL B . 5 HEAT DB A BRI K

3.3 LWHERS R

331 AKREZEK

T HFRAKAESTT NdBCO H Nd %t Ba AR KHIHI R, RATH— R34k
17T BRIEAZAERMR, 4558 ME 3-1 Fim. BATTLURIL, FE 5 1E SRR B R A E
I3 s Je s NG I8/N . MiATE 0.5°Crn (i, FF G 10 SRR e s, ARikE) 96K,
HHEABEERAE . MRHES AR, RINSBEIGE SRR, ik, FRATET T8
T

02 H//C
H=10G
04 k-
—a— (.3K/h
06 —a—(0.5K/h
—v—0.8K/h
—a—1.0K/h

-0.8 -

Normalized Magnetization(a.u.)

75 80 85 90 95 100

Temperature(K)
B 3-1 BREZEKR NdBCO RS S %2R ER
Nd123 (solid) «> Nd422 (solid) + Ba-Cu-O (liquid) + O, (gas) Q)

FEAEKERS, W ()R, NduxBagCusOy i FAHM & o — MRS 2. BB
T PR e B [0 T2 PR TR sl S B RSt 2 i 2 BAIR . IR 4 5 #E NdxBaz.«CusOy
Hf y RSN, BT Nd & 311, Ba s 2 1. N T ARIE NduxBay«CuzOy 1)
WGP, A, Nd X Ba fEAU S XA, BEE AR K5 g ot .
{E2, 2Ll Nd X Ba FIEHR, & FEAGE AR TERE. Kl 3-2 Pisi)2 NdBCO
B TTT BE . AR TTT BECRE R A ROFEAR o SR1, X 1A S o ) Ndi.Baz.CusOy
K, IR TN 73 B R SR B AN [R] ¥ 24T R ORH 38) FAH ) e A . T BA
KL, B E 2 38 NdywBagCusOy 1 x EHIREAIL, Tk AR R x [HTT &
SEHR R RN, TG L 4 v e e 2 e — L,
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1070 —
Nd,,Ba, Cu0,
20
1060 |- =70/ $m,.,Ba, Cu,
F so| —@—Ref. 24
[5) X4 50
o_ D00 005 010 015 020 025
@ 1050 s
= X, X=X K>y
i
Q
E [+
21040 - X, =—8—0.3°C/h
—de— (} 5°C/h
x4\ —v—0.8°C/h
1030 U X —4— 1.0°C/h
1 ! ! 1 1

80 100

& 32 NdBCOK TTT E#

3.3.2 L ¥ VA 0N i A R 2 R R SR IR

N TR G Vo U A B 2 R RCRBEAT IR, RATHAT — TN, H%, &
ATIATIRAARZE 5324 Nd123+Nd422, 224438 R 0.5°C/h IRRE i A DD HE = AN/ S i i,
DIRIAL E 23 A AFE i 1) b S AL, A AR R s dE AR AL o A4 SR an el 3-3
P, o, sample 1 1 sample 2 5 M _E ¥ S S UI I, sample 3 Y WERHVIHI . AT
DA, FRRE S A BB ODE0H i A Ik BRI R U B2 — 2 X AT RE R T
i GE R R o TP R T AR SN A, AR i 2 — N RR R, R AR
s, RITE RS R AR AR K AT B TR TR, 8 IR RE A BT FEAIR.

0.0 +
S 02}
&
[ =
S i H//C
8 0tr H=10G
©
[—
& 06 L —&— Sample 3
E —&— Sample 1
S —&— Sample 2
‘® 08f
€
(=]
Z

1.0 |-

n 1 1 1 n 1 i 1 L 1
75 80 85 90 95 100
Temperature(K)

& 3-3 AFAFAMEBER NdBCO SERE ST EER

MM, FATRA Nd123+Nd422+Nd242 1E AR 73 AT 7 RARISE8e, G244 18 5
51759 0.3,0.5 F1 0.8°C/h, MALE R 3-4 Fion. ATLLEH, MXTTABA Nd242 FIFE &k
Ui, HHE SRR A K, (HHASESE S TRECRIEHRE 8. BSHb
FIN Nd242 FseaGas AR, H SRR B A A IR A = o I T A SR e I 2R
A AT AR SRR AR B M RE A A GEE R -
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0.0 -

02| H/IC

H=10G
04|
—=— (0.3K/h
—e— (0.5K/h

i —a—0.8K/h

08 |

Normalized Magnetization(a.u.)

-10 |-

1 L 1
95 100

1
75 80 85 90
Temperature(K)

& 3-4 #BA Nd242 J5 B XA KH NdBCO Sk i SRR KK

3.3.3 FmiESAEK

T B BT SCBRIET , A KRS (I S b . (HR IE 2 T BT EfY, NdBCO
BEAYM AR TIIEE 25 N5 B BRI R, WA S AR,

FESEIG, AR T A F S s EE Kok, B 3-5 JusiIRMHnE (Y,
Nd)7E BaCuO #A1 fyafRE IR FE e R IR, @i beis, wIbAEH: 1.5 YBCO 1A &40
e, NdBCO A R VAR 2% (tes) (HAE T, BB Z, SEHWIHIH B NdBCO 4
D3RRI MR BE T R A% . 2. NABCO 1A & [1) t.e.s Pl T WA % 25 Hh R %,
TS B KRS IR . XM S 20 NdBCO M EL YBCO HIAE KA KIRZ .

1200

1125 |- Yoqq+ liquid Nd,, .+ liquid

1050 |- Nd, 4+ liquid

Temperature

975 |-

Y 1057 liquid —a—Y
—e—Nd|
900 1 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7

concentration(at.%)

& 3-5 Y,Nd7E BaCuO FHIAEMBEEEREMXRE
Yo, 1E T, B E R te.s (38 WS i v R RS BB R (AR AL /N . TR 45 S IR 46
BB, EARE S OV R R R TR B R . R, 7RSS S EIVIERI B, —
KAVEARAIA T, 51401 0.2°CM), TR B & AL 15K 1 B 25 e 1 T R 2l b
o
HW, wXQ)Fw, ERPERER Ac G T LA RIR N(oc)/(0T)r ( tes i)
T (A FE) T

Ac:(@) x AT 2)
or )y

AT b A AT AR, 75 % AP I FI BR DA A CERIFTRD, st 7 3(3) . 7E3(3)
i, MRER T A K R SR, RICER TVl X T2 e s (a], Spr A K s i &
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=1t 6E REBCO SRS RM B E KR B R

it . S{E ANV TS [A R 5E (1o X YBCOM RN UL, Ht.c.sfE bl i L 1A Mk 22 b e 2%
18, M FNABCOM kUi, Ht.c.sH B IR LI FR IR . WRAEA KSR PR
—MEE R, A2 R 2K, S I E KRS 2. &a, mT
ERIKEN AL, B EUE IR, RS A KB KR B

or

AC (acj AT
J="0 x 2 =
A

=

@ij
ol Jr

(3)

% I8 BTE H R A S5 b e AL ¥ 18 A S NABCO AR I 57, FRATTR A T v 4] 1
A KT 1RSI R ST = PERENDBCOBAM AR K, WnEI3-6FTR

I/°C

1105

Tmax

0.15K/h

1071

1065

SK/h

6.7h

20h

20h

t/h

El3-6 WEiEhEEKEF

FEFRATIA AR B AE K vk TR IR A A A R 1 A ELA% Jy20mm, /&12513mm
BRI AR —PeNdBCOM AR J b, FEK— A B ySmmis; g 1.2mmit /s 5
BRI S HF 2 18], SRB IEHF  5 4e B3, R AT A KR, %%k, RAY
AYAIEN0.15°Clh, AEA6.7/NES o 3K — BB AT DA IO N A S i — A R 25,
KA N0.3Ch, A K20/ SARIEAENABCOBM fE a7 7] | B4 52 4 K. fita
KFHO5 CMIATH, K20/ kA A ey ) BB IR A 45 A PP R o @ b R 1Y
—AMEKIGEE, BATRINIHIE T B N16mmFINABCOSA ,  WnE3-7HIR.

&3-7 EAZR16mmiINdBCOZ AR B R0

%016 71t 2170
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B suunchn o Tone Univassity AL REBCO BB SR INE KR EHI%

MfE, AR 3-89 175 RS FE St AT T V1B, wTCUE H, S 5%
ARE R T 94K, HB SHEARE LI N1.2K ., XFERIZE R O 2] DL ERE B T H4 1
NABCOMAM [P REAHMESE o FEFRATHIMNRH, A 5 AFIRE G B3 73l ok H b i) B85 R,
3 AT LEAERAE0.3°C/hAI0S C/F B EAE K, H2 EATEIRIH 2 i ol 557
ARURIE . X AERA, BT te sEREE RN MR, SR SLbr A K 8k .
MAE A REZISERH, mTAKREGEEMER, FEmEtesEHE—%, HiMm0.5CThA
TN A KRR AR I PR RE

o SEED
0.0 m\mfpellet!—-—
S1mm
A
024 mm
main-pellet
044 mm
> -
Slmm

H#C
H=10G

—a—sample A
—e—sample B

. 1 ! I " ! . 1
75 80 85 90 95 100

%9 The location of the samples

084

Nomailzed magnetization(a.u.)

Temperature(K)

E3-8 ¥ amiEFAEKKINIBCOSRM E FHRERE
3.4 KT
REANE T RGBT A ESER7E (CRCMG) A KK T = MERERINDBCOBA o Ji it %t
RS R VERE I IT, JF45 & REBCOMEIHIIAH AR, BA WL Hi Bk T OCMGAHICCMG
LA B AR A 22 T R LU ROE, WL, X Tk, X TNdBCOHH 4
KAHERZFWICR, R, OTAEAEEHNEEN T HALREBCOA R WEH], BARLF
A
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FNE B4

FEASCH, EAR TR R S R AT SR, HE0 REBCO it SR AH OC &
HIRHEAT T4 . 25 8 540 H BT LREBCO 8 S8 iR A KT8 T i F A LAk
P T A K LREBCO M AR Tk, R F s vkl & 7 KRS mtERe )
NdBCO .

RN T A ES T

FEESIIET, 2R #a E NdBCO/YBCO/Mg0 FREAT ok i, 51 ¥4 1 42 k) 92 B
i SA35] NdBCO HfAbrkl. 1%, ATRGHMFTE T A FEZA A ST NdBCO Bk FE i
Te AR, @RI IF R, X T 87 K4 4 7 9 NdooBaz1CusO7,5 +10mol %
Nd; 6Ba, 4CU; §010.5 +1 Wt%CeO,, 1A K H 0. 5°C/h BIZ2A A, b DLScHlk: i E#E S
PERE. Ht—DHh, RATRABEE SRR A K, X — ke Al 45 s 72
I E R, FESEIEAM IR RS

EAERRRZ, EFAKTER AT Rex T HoAh Dy Re SR A KA G I ad 1, IF
JRNEE OCMG 55 COMG Z AN 55 = Fhidk .
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THE GROWTH AND RESEARCH OF HIGH
PERFORMANCE REBCO HIGH TEMPERATURE
SUPERCONDUCTOR

LRE-Ba-Cu-0O superconductors are well known for their significant potential for application,
since they show higher properties of critical transition temperature (T,) and critical current density
(Jo) compared with YBCO. Unlike Y123, which forms the composition of Y:Ba:Cu=1:2:3,
LREBCO forms a LRE.xBa,.xCuz0O7solid solution due to the LRE/Ba substitution since the ionic
radius of RE3+ and Ba2+ are nearly the same. The LRE/Ba substitution will deteriorate the
properties of the superconductors. For example, it has been reported that Nd-Ba-Cu-O bulks
produced in air exhibit low T, with a wide transition due to the Nd/Ba substitution. Among all the
LRE-Ba-Cu-O superconductors, NdBCO superconductors exhibit best properties. However, the
optimization of the growth process of NdBCO is very complex.

It is known that oxygen controlled melt growth (OCMG) method is an effective method to
suppress the RE/Ba substitution. From the thermodynamic point of view, the concentration of
oxygen in RE.+,Ba,xCusOy (RE123ss) increases with increasing pO,. And the whole valency of
the cations in RE123ss should be increased at the same time. It is known that the substitution of
RE/Ba and the increase of the valency of Cu ions lead to the increasing valency of cations. Thus,
processing under low pO, is effective to suppress the substitution of RE/Ba, by which nearly
stoichiometric RE123 can be fabricated. OCMG-processed Nd-Ba-Cu-O superconductors exhibit
high T, of 95 K with a sharp transition. However, it needs a technical support and much more cost
to control the pO,.

On the other hand, Nd-Ba-Cu-O bulk superconductors melt-processed in air without
additional high temperature annealing have been studied. For the CCMG method, with the
increasing Ba/Cu ratio, the substitution of RE/Ba in RE123ss will be suppressed. With the
increasing concentration of BaO in the solvents, the chemical potential of Ba in RE123 increases.
It indicates that the occupancy of Ba2+ ions on Ba2+ sites increases and the substitution ratio, x in
RE123ss, decreases. Therefore, processing in Ba-rich solvents is helpful in suppressing the
substitution of RE/Ba. For instance, Sun et al. reported that SmBCO bulk with a high T, of 95 K
was obtained, by adding Sm,Ba;Cu,Og (Sm242) in the precursors. What’s more, Chen et al.
reported that the addition of Nd,BaO, (Nd210) in Nd-Ba-Cu-O system can lead T.to reach 85K
with a broad transition width. In addition, Lei et al. reported for the NdBCO samples
melt-processed in air, with the addition of Nd,Ba,O, (Nd242), T, comes to approximately 88.1K
with a transition of 2.4K. It is obvious that CCMG is effective to Sm-Ba-Cu-O system. However,
the improvement of the superconducting performance of Nd-Ba-Cu-O system by CCMG is
limited.

Furthermore, A. Hu et al. reported that high-T, Sm-Eu-Ba-Cu-O grains can be gain by fast
cooling method in air. They found that thermal gradient plays a crucial role in the crystallization
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rate, and revealed that a decrease in the crystallization rate promoted RE substitution on the Ba
site. By fast cooling method, air-processed Sm-Eu-Ba-Cu-O superconductors with a T, value over
to 95K is reported. Coincidentally, H. Kojo et al. reported that Nd-Ba-Cu-O multi-grains
exhibiting high T and J. can be fabricated by employing the precursors of Ba-rich Nd123 and
Nd422 with the cooling rate of 1<C /h in air.

Therefore, it is feasible to grow high-T, Nd-Ba-Cu-O grains in air. However, many issues
need to be researched on. Firstly, the growth mechanism of the fast cooling method is not clear.
What’s more, systematic research on the relation between cooling rate and the T, of the samples
needs to be completed. Finally, fully grown air-processed Nd-Ba-Cu-O bulk with high
performance has not been fabricated yet. Most importantly, there is a critical problem that it is
difficult to produce high performance Nd-Ba-Cu-O bulk because fast cooling rate may promote
heterogeneous nation. To avoid this situation, an accelerated cooling rate method reported by Peng
et al. was employed here to realize the single-domain growth.

In this work, we have grown a high performance Nd-Ba-Cu-O bulk in air without additional
high temperature annealing in low pO, by using both composition CCMG and CRCMG methods
which displays high T, of over 94 K.

The precursor powders involved in this work were NdyeBa,;Cus075 and
Nd;sBa,.4Cu; 0105, Which were the same as the one used by H. Kojo et al. The powders were
independently prepared by the solid state reaction. During the preparation, Nd,Oz, BaCOj3; and
CuO powders were well mixed according to the corresponding stoichiometric proportion, and then
the mixture underwent 3 times repeated calcinations with intermediate grindings. The precursor
powders were then mixed according to a nominal composition of Ndgg¢Ba,;:CuzO7.5 +10mol %%
Nd3Ba; 4Cu; g010.5 +1 Wt%CeOs.

Two kinds of melt-growth experiments (without and with seeds) were performed to prepare
NdBCO superconductors: spontaneous nucleation growth and seed-induced bulk growth.

In spontaneous nucleation growth, the mixed precursor powders were uni-axially pressed into
pellets with 20 mm in diameter and 8 mm in thickness. Then the pellets were heated to a Tpax Of
1105<C, then cooled to 1069<C in 15 min. Finally each pellet was grown under the cooling rates
ranging from 0.3 to 1.0<C/h for 20h, respectively before furnace quenching to room temperature.

For seed-induced bulk growth, an NdBCO film (NdBCO film/YBCO buffer layer/MgO
substrate) was used as the seed, and an extra mini-pellet with 5 mm in diameter was prepared to
prevent the contamination from the seed. Then the precursor powders were pressed into pellets
with 20 mm in diameter and 13 mm in thickness. In order to ensure the continuous growth of the
pellets, an accelerated cooling rate method was employed here. The precursor pellets experienced
a thermal treatment as follows: the pellets were heated to a T 0f 1105<C, and then held for 1.5 h
before being fast cooled to a Ts (starting temperature for growth) of 1072<C in 15 min. Finally, the
pellets undergone 3 periods of cooling process, with the cooling rate of 0.15<C/h for 6.7h, 0.3<C/h
for 20h, and 0.5<C/h for 20h, successively, before furnace quenching to room temperature.

After the melt processing, small samples approximately 2.0 x2.0 x1.0 mm?® were obtained from
grown crystals, and were then annealed in flowing oxygen cooling down from 350<C to 300<C in
a period of 100 h, together with the bulk samples. And then, the superconducting performance of
those small samples were measured by using a Quantum Design (San Diego, CA) SQUID
magnetometer.



