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Longitudinal Magnetic Field Effect in REBCO Tapes Investigated by Oxygen
deficiency Control

Okada, Tatsunori
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We introduced oxygen deficiency into commercial REBCO tapes and attempted to
clarify the effect of oxygen deficiency on flux pinning through Jc measurements under a wide range
of temperature, magnetic field, and angular conditions.
We observed that introduction of oxygen deficiency makes the critical temperature and carrier
density decreased, the in-plane coherence length increased, and the inter-plane coherence length & c
decreased. Jc with the longitudinal magnetic field and Jc with the in-plane transverse magnetic
field approached each other, which may be caused by the intrinsic pinning which became more
effective due to the decrease in & c. Furthermore, we evaluated the Jc characteristics of Bi2223 and
K-Bal22 tapes and quantitatively described the effects of applied strain, grain boundaries and
spherical pinning centers on magnetic flux pinning.
Optimization of tape design based on these results is expected to improve the properties of
superconducting tapes.

REBCO



B X C—19, F—19—1, Z—19 (dm)

1. HWFFEBRME 4P O &

T THE RS L R B (R REBa:CusO7-5 (LU F REBCO L W) %7 — 7 #b{k L 7= REBCO
B L, ERRA MRI SO LS E 7 — 7 Vi EOEEISHANEB ST Y. REBCO #4f D
WEREN B3B3V B ORFUCKE RS I EERETH 5, BEERMICE
%I KB EG)Z 7 B3 2 IR OEE 2 BLIEEER E IED) T HHERH DM, T D
FRE LTIE, THRRAZRIET A ™MM(ANTENDEAN | & [ER LB 2 AT 5 [HE
R ORI ©2o50FF bbb, ZIVE TREIICA TE MBI RICL AN TH D Z
ERHBNTWED, MR RIZEB T 2B EROREEEIIRMEHATHY, EOXoA
TV EEATHITEHERERZDRCA ETEDDNTRHTH -7, HEREAZNRITHT5 A
TErOHFRGEMIFTHI2IE, ALE ORI E 1RO S 3 %72 5 REBCO #4412
KT AR ENNETH D, ZOFEBIC LY BEREON 2RI HEETX | itk
RIEE 7 — T IVOWGE - BRSNS 5 EHIFF S D,

2. MFEDOEM

FRICHESE, ALEVORRSOAEZEZTICHERE > (kO D58 S 2% X 72 REBCO bt
W2t T B ER S ETREE A I L. F OB E V1L DR ORI % UC. Mt eEr— 7
OFBERFE BT 72 AN T8 AR OSLRRIF D 2 L A ARMFIEEO B E LTz,

3. WDk

FEROBMEEN TS FESE LT, REBCO ORFFIRE T. S EHE KB &S U T b5 4
(2 B Uiz, AWFZEOREE LN G L7z BRA 72 EZEHE B XL FTo@ T b, HL, HE
B 5 1 3% OWFFE R 3G S H 72,

(1-Q) flix DATE L NEASN7Z REBCO S5 LT, BT FEMAK TOEE (BT 7T
=—)) ZhE L, BRRXEREZHET L2 LT, ALY OF5E2R/EMOICEIL S5,
HEIE PR PR R E D B % R E 7 TR - BEGH6PH TR 5,

(1-2) BTEVLEE L 7= REBCO A% LT, B BRI « BRBUARME 2 26 I
L. BERE VIEDIZHT DR KIEEAOEE LRI 5,

(2) REEMSIRIZED | BHRE VLIRS AT HEE= VX —ORE - # - A5
KA 2 555,

NS OWFZERRAE S W G L 7= BFZE 7RIS IN 2. BFZERR B FE CAREE L 7= RF9ETEE & L
T. REBCO #44 & M QMBI I L 7= Bi BSR4 6 (Bi,Pb)2Sr2CaxCus 0, (LA T,
Bi2223 #41) 5 X Ok b Ab@ifisf (Ba,K)Fe2As: (LA, K-Bal22 ##44) OEFRERICHT 20
T AEIMO B HOWT H A LT,

4. HFIERE
( 1)REBCO AT T 5 Fe T R IHE A D B8

BHERFFLCOT =—VAFRIZ LY | 1RO REBCO #ibf~& i RBAEA L, X #fE
FIE CHRFEROEEZITE L, BT =— A& MET 2 & C, BEE A R~ E ) b IFRIE
DS i~ & RIS EL T DR F 2R L=, £72. Hall {PUHIETx v U 7 HEEDZE
fEBRHE L7z, % U 7 EEORHA 2 28 C& | iEREEANCTHRSNDIIEL T L
EVERNCEAE T HRRNE SN, ERIESREDT-OICHEHEOR EALETH 5,

OIRILT =—/VIT K 2 BRERHER & OV ERG

%%ﬁ%ﬁ%lm{@%{t % GdB:a CuIO talpes I I I I I Bwl B,

1 1% as-received 38 L UNE LT =— /L & fifi L e asreceived o &
7= SUNAM #E8 GABCO #tbt ORGP Es £ 2f N, annasied <i§802i13$:: 5
TED DRl L7 H BRSOk 2 B AEYS  « 450°Cx 30 min O~ -

B 3 L UVR AT B DB R LImboT 2 f

BHo, BT = VILEIC XY | BEEgs

(K - BRI~ 7 b AT R A5, B 3 10
FRAEEARENT & Ba(lo)B LV Ba(lab)iFE T 9

L7223, B Bo(lab) Ba(lc) = Ealé 1 3EFHY = 5¢ §:

KT BEEEICHY . BRI E—L 2 2E &y DY ) . o
RABEE = B — L AR & OB~ THE 000 20 30 40 50 60 70 80 90 100
LB ENDbhoTz, [REROMEIE Fujikura Temperature, T [K]

£ GdBCO ###4. SuperPower £1:0>(Y,Gd)BCO o

B CBHEER LT, 1: as-received B X PE LT =—/L LT

BT, HIE LT ERERN SRy =  GIBCO ##FIZ81T 2 Ay Bin & B
W A5 Beo D 1L FE (A7



> TR E O T BB ATNE Fy(B)=J(B)B %X 2 THl Uiz, FERUIE LD REZ 4%
Dew-Hughes DO Fi(T, B) Fy"X(T) = [B/B(T)Y[1 + p/q - pB/gBy (1)) T7 4 >~ F LTZFERTH 5,

as-received FREHIIRE TG U CRAR AR E LD IRt > TE Y, BRE V 1IEDE L
R 2 p EIHMRIR T 02 BRETH -7, iUk [ERIRE Y (p=05FE) ) < FHREeY @
=1FRED) | e OB —FHEOBORE VDY A FBREL L TWAGEEICHIfFSND pELY b
INE L ARSI O A TR BIOR B 1R DR (B 21X, MR EobBomk e
V) MEELTWDLEEZLND,

BT T =— VIR G, B HEEIZR T 2 H Y ko #ER [Fl— HAR IS HE 5 IR A —
Vo BB, ATOREFFE TR OB R E VLN E TH D Z & AR LT
Do BARMIZIZ, pEDY 051338 Te= 60 K 30 CIFERIRE U 3B TH D £ &2 Hivd,
FeB REEZTICEA L To=50 KB Cldp=14 720, BRIRE Y (p=05FE) ke
vo(p=11E) THIRFSNAME LY b REV, BRKBLUNORH A FE EH £ 720 NdBCO
HAEMICBWTRE 2 plE (p=1.5) 23#+5[AK. Pradhan et al., Phys. Rev. B, 58 (1998) 9498.1&
NTEY, BASNTEMEXRENIBRE VIEOY A FELTHIEL TS EE LN,

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
1.0 GdBa,Cu,O, tape | | , GdBa,Cu,O,  tape { | GdBa,Cu,0O, ;tape |
as-received 1 N, annealed 11 N, annealed
T,=93K (460°C x 30 min) (480°C x 30 min)
0.8 b T =60K 174 1
éE p=0.24 )
g .0. =18 4
w 0.6 N 045K
ﬁ?, F A 10K
l:,n 0.4 © 15K |
w i 0 20K
0.2p i
0.0 i Qann

BIB(T) BIB(T) BIB(T)
2 : as-received B L ONE LT =—/ L L7= GABCO A BT D6 v 1k hfg,

ORGSR S B R

3T HERLECE J & OV PN AR RS B & T
E L7 BB B OREK T 2 LTz, W v
FTHROREL - BB TS SR> J(f N 107 e
BURES OBIAI 8 0 | HEBEAELE OFI I CilE 105EN S
Bz ETED, FEBREIEOMEE L g
T, HERESBLIE ORHEC & 2 i PUBEIRHES) 10°F R
KT HEEOPBR T a—E2MEI L TnD & 10*E SUNAM GdBCO as-received
EZEZHN5, 103L  Solid: Longitudinal (B|jab, BI|/)

BERANE & A E LW a i RIR C Jo(HiER
B =J(HNEERS ) & 72 D, BB T b
Je (RS Je(H AR ) HE S 11235 < s
Boid, Zibid, MEREELE T DR
v ks & L, MERESELE - ARG
o & (2 4 2 g R E B S5 S Bk o
DGR 7 v —IBPLOWRER 2> TnH & H
2D, RS, BEXEREHZE, I EW
Jo(TH ARG ) C Jo(FERE )/ I N BRI S5) LB S 1
WA < EMA RS, () BRRKIEIEES)C 102
T HE IOV A e L TEIW = ATEEME & 10— T
(i) e E AN CHEIMEH L. EDINEL 107; N2 annealed (460°C, 40 m|n)1
052 L TCHEAY UKD ANTHERE LT hE :
MNREZ N5,

2 Dashed: In-plane transverse (B||ab, BL/)
10 " 1 " 1 " 1 " 1 " 1 "
108

107 N2 annealed (400°C, 40 min)

10°%k 10K
105
10
10°%}

Critical current density, Jc [A/lcm?]

105F 10K

EREOL D 7, KRS D BRI E 5T, 10%

G ST A A HLE T A A, T A S — 104\

TF PN [ T R TR & 25 2 W 1 worh N\

INETICARL A% L 0 NI EE & B S SUY

WRMLETH D, % 2 6 20 24
I DOREREO—EIL, ISAMBEESITTH Magnetic field, B[T]

AT D, BRRN s, REMHE (2022

3 H 16 BRE) ICRAT A~ v hOEE 3 : as-received B L ETLT =—/L LT

T 25T WA AE~ 7 %y MR, £ GABCO M4 ICH1T Dtk J. (334 L
PRI Je (BRY)  ORESIR AN,



BIROARHNC LD 20T MREBLE~ T 32y b, TNENEPRA T F R 7ol 720,
F70 % v ORI Z D REBCO #RMIC kT 2 R ME LT T X e hoTe, ~7 Ry
NOEIHE, ¥ D N TV %D REBCO Sk 2 MIEZ 21T L, MBS R ITRT 2
ANLE OB IBIE LTV,

(2) Bk oy Yk & T A 3RS LR D RBARE EEAE = R /L X — OFEAM

3D SV U RICEABENTE a2 7 a2 W5 17 Sl 2 (ERL L . SR
Wt o Z —ICTRI%S - A LT3 25T (20T) SSRGS~ 7y b « He H A 7 o —Hl
I ITAF ALy b a1 — 7 LA S Y, B 0.2-25T (0.1-19T), EE 4.2-300
K. FEEHE 150deg. & W 5 JRELZRIRE - 8655 « AT o R B EIE R A S LT,

B Y E T 7= as-received @ GdBCO 3.0 . . . ,
M RBIT DMy B I B AARRY LR | GdBa>Cu3O7-5 as-received ]
4 157, 20T BAIBIEE~ 7 % v kD5 PN Y S LG
BB ~01T 2 c S0 > TV D23, 10 I ]
KIZBWTBEEX v v 7 4 ORFEICHETS B e ]
Woyar X2 AGV<20mV)DOIKTARME g | T e
Rz, IBE I, ByavFd s 2R | T B S ]
O TS DT bR T 5, B U ET T

BB CIE RS AL RN LE T disorder 2% ool T 1

N END, BIRE-SRRE O b RVE

Normalized conductance, G(V)/G, (100 K)

% 3% L 7= Blonder-Tinkham-Klapwijk @€ 7 /L2 FE 200 T 1
SEPERGELA U ANL/EIEBTK €7 VA, 8 | ] 24

Plecenik ef al., Phys. Rev. B, 49 (1994) 10016.] Cfi# I e N B ot
Ll 74 074 Y /RERERAPTICHHRT § o S A0
FLTEY, EBRF—F L k<749 FLTW 16w s\ L 0 1
Do T4 VT AV T THRIGBEEX Y v TR e N D 1
FEHATME AL, SIS S TR S 1.4 T ok
% dop BEEE CHIFE S D AT) & K< KA - e -
L. #E%HEIA(0 K)| = 21 meV 13 YBCO HiffidhiZ 1266 "0 20 0 20 40 60
BT 5 %Ei@ }‘ ‘/*ll/ﬁ%@%%wm.z K)| =20 Voltage, V [mV]

meV & AFRETH S, Miffi72%E 22035 REBCO X4 as-received GABCO #pF DOy =2 > &
WA OBIEE R v v 7 % AT X 72, 7S ARNT bV (Ble=01T), I

FARND . RO Y EEEoRse  DRORENTICY 7 L TH D, BT
RSP CORMARIE R CX Aanofe BIEBTK T WIS L5700 bk, HolL
. 7%y FOMIBRICERNE R HEEE A ERT
Bt B TETH D,

(3)Bi2223 FMIZ I 1T B BB DO etk
Bi2223 #4415, REBCO A2 SR CREZEI

F NI /72 SRR L BAZ SR o 0 | OB 05—
FEHE I L BN TR 2 A DA%, D 100} - ]
30 T RO~ 7 %~ MBSSICEE LTI, gl

IS N2 HEOTHICHT 2 L o A BRAE 5ol ]
CREEOT ) 36 1 ONA O M B2 D Fe A osl

THHY U TEZON ERRETHDL, 25D 100 ;

MR E 1S REBCO A4 28 S I B W TH L
IELISHE L 22 M TH DT, AFsED T4
—/% > N T&H D REBCO bt Dbkt 5 & LT
Bi2223 M 13 TH D,

AWFZE i, (1) Yo 7 EKm LDz o Nifi
AEOERELE (i) RAiOT A RO
B TES (EMTOTH) ZEIINL @&

© © O
a o O

100F £,
95|
90}

1(77.3 K,0 T, €app)/ lco(77.3 K,0 T) [%]

}_E Bi2223 7%7%1%‘ (DI-BSCCO Typ‘e HT—NXlOO) %f 85[ DI-BSCCO Type HT-NX100 tapes ]
FERTETA S D L TR E 51092 80 0 0 00 02 0a 0%
ek & BRI ERO OT KA EZ JE LTz, Applied strain, gapp [%]

TRk, NG SLBRGD 30um 25 5. Bies P R SENS NI DI-

#9100 pm ~E T 2 2T K 40K DY g Type HTNX100 #4412 3515 % L OO
TR 109 GPa 725 148 GPa ~E iRk L7z, = P Ik



DFERIL. P 7 RITHT2RGAMEEEG L TEBY . NiG@DEFEPANTHDL Z L HRS
Nice —J7. AAEOTHICE L TE, ETOTHRRE NI E . AR O$ 2
g’ + NAWEMOT 7 e DMEMA~BE) L7z, ZOFE, FIHEOT HIE| ein’—ein® 1336 L& —
ETHY ., HMENTERTOTAaMET 20, MEOTHMUNATBEILZLEZ O
Do

BT, Bi2223 7 T A v FNSHRAET DRFTHREOME 2 B AN BEE T V2L,
AR CBIH S LT LR T D5 E 4 BERIC BT E 7,

IS OFERIZENAN DO FE TOREKEZITRV, Firim L [D. Kobayashi, T. Okada, S. Awaji,
IEEE-Trans. Appl. Supercond., 32 (2022) 6400105., T. Okada et al., Supercond. Sci. Technol., 36 (2023)
014002.1& L CTHIRE A TH 5,

(4)K-Bal22 #4 Ol SRR

PR BRI LSRR LB S BRI IR SN TSR 2 A L, K-Bal22 #4441 3{KIR T
HICHDOBEZ L7202 105 Alem® DEFREREE A FEBLL, RRUEDED N TWAHER O#IRE
Wb CH D, F72. REBCOMMICEASNIZF R LRBREORKE & CEE~5nm) %§F
O, BRROBE VLD LSRR SILTE Y. REBCO SHIZI 1T 5 BV 1k DI O Lhiixt e &
LCi#liLTW5,

ABFFETIE, E}:lﬂili}%@ Ma 7/L—74 0 %20 3 7-Icore Alg shealthed KI-Ba122I
Ag — A K-Bal22 7 WS 2 1R = 72 & | (R gzm_ﬁx | ]
R - BB B BB E #1772 5 7, = L g Pecrease B

ZO/MR, FBTUTFOERBHBNC, ) § | beeeing 000
BBFE LBOEE T LI 27 U v ARENE 3 I
(B06), k7o, AEKEFALCBLTOIES MR gf 1 aeeedomeneecitng.,
5 (9= —30deg. — 120deg.) & WSifElE:E (9= O -
120deg. — —30deg.) TILMAE AT U U RAERT 0 \ . . . . .
:Jj%ﬁﬂjbf'io 0 3 6 9 12 15 18

K-Bal22 "C‘,ﬂ;ﬁﬁf‘ é ﬁé ﬁk#j(@ P ‘/JJ:&) EF"E‘% Magnetic field, B [T]

T IO SN DA ERO A KIFEZ R 5 — 7 m) 5LV 90deg. (B|F—7Tf) 1T
FLIRER, EXT VL RAOERICHD 10) B D L OBHEIENE, KRS O e 2
(5 Ty [E1HR & 3t 57 A [BIER 0D T D SR & 3 TUTAPEL, K8T THET D,
L) ERELE @B EERIC L~ LT,
Tebb, MR RORBLEZONDE AT UV ADOIEFRIIH D AEMBNOB R E v 1L
PEIZ, K-Bal22 OAHIBRTAEL IR E AL > THRENTWDHEEZ BN D, H Sk
O & Bk B ORI 78 AN 22 HEHER EOsE L 5 2 5,

I HOREIL, ERINEE TOREROM, FiliFmC[). Luo, T. Okada et al., IEEE-Trans. Appl.
Supercond., 33 (2023) 8200405.] & L CHIRE A TH 5.

EtkiE. ERROARMIETE G 72 REBCO #3461, Bi2223 ##41. K-Bal22 #AF I FEiz B35
FREZGIE Y - EREEAL U, BRSO PE IS T T2 R RN B 5,



4 4 1 1

Okada Tatsunori Imai Yoshinori Urata Takahiro Tanabe Yoichi Tanigaki Katsumi Maeda 90

Atsutaka

Electronic States and Energy Dissipations of Vortex Core in Pure FeSe Single Crystals 2021

Investigated by Microwave Surface Impedance Measurements

Journal of the Physical Society of Japan 094704/1 7
DOl

10.7566/JPSJ.90.094704

Kobayashi Daichi Okada Tatsunori Awaji Satoshi 32

High-Field Critical Current Properties of (Bi,Pb)2Sr2Ca2Cu30y Filaments 2022

IEEE Transactions on Applied Superconductivity

6400105/1 5

DOl
10.1109/TASC.2021.3129727

Okada Tatsunori Kobayashi Daichi Sakai Kohei Awaji Satoshi Kikuchi Masashi Kato Takeshi

36

Mechanical and critical current characteristics of high-strength Bi2Sr2Ca2Cu3010+d multi-
filamentary tapes reinforced with thicker Ni-alloy laminations with various pre-tensions

2022

Superconductor Science and Technology

01400271 13

DOl
10.1088/1361-6668/aca435

Luo Junyi Okada Tatsunori Awaji Satoshi Liu Cong Ma Yanwei

33

Flux Pinning Properties of 7-Filament Cu/Ag-Sheathed Bal-xKxFe2As2 Tapes at 4.2 K

2023

IEEE Transactions on Applied Superconductivity

8200405/1 5

DOl
10.1109/tasc.2023.3263331




22 2 12

"CaF2 Fe(Se,Te) "

101

2021

Tatsunori Okada, Junyi Luo, Kazuki Takizawa, Satoshi Awaji

“"Numerical Evaluation of Elementary Pinning Force due to Spherical Pinning Center -Focusing on Anomalous Angular dependence
of Critical Current-"

Cryogenic Engineering Conference & International Cryogenic Materials Conference 2021

2021

Tatsunori Okada, Kazuki Takizawa, Satoshi Awaji, Fuyuki Nabeshima, Naoki Shikama, Atsutaka Maeda, Koichi Nakaoka, Takato
Machi, Teruo lzumi, Ataru lchinose

"High-field critical current properties of FeSel-xTex coated conductors"

European Conference on Applied Superconductivity 2021

2021

82

2021




Tatsunori Okada, Satoshi Awaji

"Angular Dependence of Elementary Pinning Force Evaluated by Numerical Calculation Based on Normal-Core Approximation™

Coated Conductor for Applications 2021

2021

"20 T "

76

2021

Tatsunori Okada and Satoshi Awaji

"Numerical Evaluation of Elementary Pinning Force due to Spherical Pinning Center within Normal-Core Approximation”

Materials Research Meeting 2021

2021

Junyi Luo, Tatsunori Okada, Takumi Suzuki, Satoshi Awaji, He Huang, Xianping Zhang, Yanwei Ma

"Hysteresis Behaviors in Magnetic Field and Angular Dependences of Critical Current of Bal-xKxFe2As2 tapes"

Materials Research Meeting 2021

2021




"20 T

2021

69

2021

REBa2Cu307-6

69

2021

"(Bi,Pb)2Sr2Ca2Cu3oy

69

2021




Daichi Kobayashi, Tatsunori Okada, Satoshi Awaji

"High-field critical current properties of Bi2Sr2Ca2Cu30y high-temperature superconducting filaments"

European Conference on Applied Superconductivity 2021

2021

Tatsunori Okada, Satoshi Awaji

Numerical Evaluation of Elementary Pinning Force due to Segmented Nano-Rods within Normal-Core Approximation

Applied Superconductivity Conference 2022

2022

Tatsunori Okada, Hidenori Misaizu, Satoshi Awaji

A Possible Origin of Double-Peak Structure in strain dependence of critical current of REBCO Coated Conductors

2022 MEM & HTS4 Fusion Conductor workshop

2022

Tatsunori Okada, Daichi Kobayashi, Kohei Sakai, Satoshi Awaji, Masashi Kikuchi, Takeshi Kato

Bending Strain Dependence of Ic in High-Strength Bi2223 Tapes Reinforced with 100-p m-thick Ni-alloy with Various Pre-
tensions

2022 MEM & HTS4 Fusion Conductor workshop

2022




Pre-tension Bi2223 -

103

2022

Junyi Luo, Tatsunori Okada, Satoshi Awaji, Cong Liu, Yanwei Ma

Flux pinning properties without hysteresis in the Cu/Ag-sheathed Bal-xKxFe2As2 tapes at 4.2 K

Applied Superconductivity Conference 2022

2022

, Junyi Luo, , Cong Liu, Yanwei Ma

Pinning Properties in Cu/Ag-Sheathed Multi-Filamentary Bal-xKxFe2As2 tapes

28

2022

Tatsunori Okada, Daichi Kobayashi, Kohei Sakai, Satoshi Awaji, Masashi Kikuchi, Takeshi Kato

Bending strain dependence of Ic in high-strength Bi2223 tapes

7th French-Japanese High Field & HTS Magnet Technology Research Collaboration Workshop

2023




105

2023

Tatsunori Okada, Satoshi Awaji

Numerical evaluation on angular dependence of Jc in REBCO coated conductors due to spherical pins and columnar pins

2023 Cryogenic Engineering Conference and International Cryogenic Materials Conference

2023

[ 1 2021

Density of REBCO Coated Conductors™

[ 1 2022

"Consideration on Double-Peak Structure Appeared in Uniaxial Strain Dependence of Critical Current

(Awaji Satoshi)

(10222770)

(11301)




(Luo Junyi)

(11301)
(Kobayashi Daichi)

(11301)
(Sakai Kohert)

(11301)
(Kimura Keita)

(11301)
(Hikage Taiga)

(11301)




