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= Superconductivity was
discovered in 1911 by Heike
Kamerling Onnes.

= He first observed
conductivity In an
experiment with mercury.

= In 1913, won the Nobel prize
for liquifying helium (1908).
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History of Superconductivity

[Hydride ]‘

T=250 K (-23°C 2019

T T T T T ] ||'0(170Gf’a) ( ) -
1911

Discovery of

250 — W Metal
@ Cuprate high-7_superconductor

@ Lion-based high-T _superconductor

200 - W MgB, A H.JB (155 GPa)

~
4
p—
L .
,.2 ] A Hydride superconductor HgBaCaCuO (31 GPa) Superconductlng
= phenomenon
D) ®
g“ 150 1= HgBaCaCuO | o | 1986
2 - e cacan &) TiBaCaCuO Cuprate high-T,
- 3 SrCaC |
5 100 L iquid nitrogen ® YBa CuO. superconductor
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g SmFeAsO, | F_(6 Gpa) 2001
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1900 1920 1940 1960 1980 2000 2020 Iron-based high-T,
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Metallic materials
(pure metal, alloy & intermetallic

compound)

Pure metals <10K
Ca 29K(216GPa)
Nb- Ti 9.7K
Nb- Zr 11K
Nb,Sn 18K
Nb,Ge 23.2K
V,Ga 16K
HfV, 9.2K
LuRh,B, 11.5K
UPt, 0.54K
MgB, 39K

Ceramic

YB,Cu,0, 93K
Bi,Sr,CaCu,0, 110K
Bi,Sr,CaCu;0, 110K
HgSr,Ca,Cu;04 135K
SmFeAsO,F, 55K
(Ba, K, )Fe,As, 38K
(Ba,K)BiO; 30K
LiTi,O, 13.7K
NbC 11.5K
PbMo,Oq 15K
YPd,B,C 23.2K

Organic(molecular) material

Cs,Cep 38K
RbCs,Cq, 33K
K,Cp,Hys 18K
(TMTSF),CiO, 1.2K
K-(BEDT-TTF),- 10.4K
Cu(SCN),

Semiconductor,
Semi-metal & insulator

Si 0.34K
Ge 0.5K?
SiC 1.4K
GeTe 0.3K
PbTe 0.6K
C(diamond) ~11K

C(graphite) 11.5K
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St EBSHMEL Wire & Tape

REBMERALTHESHHE AN, EREAXAENMENNRGM, RABREEBSHRISKINT
AAMENH, SmnBSELZHE.
e Commercial production:
— Niobium alloys (NbTi, Nb,Sn etc)
— Bi2223, Bi2212 [ silver tape - 15t Generation HTS
— MgB,

* Pre-commercial: (Ready for commercialization)
— YBCO 2" Generation HTS “coated conductor”

« Laboratory: (in rapid development)
— Fe-based superconducting wires



Courtesy of D. Larbalestier -- adapted 9
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Current Density Across Entire Cross-Section

Nb-Ti | ] ' ws e YBCO: Tape || Tape plane
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Ultra-high field magnets g

18 July, 2019 — Iseult at 11.72 tesla

Congratulations to Iseult team !}
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24 September, 2019
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g:cmglnoe;y @ imagination atwork Special session “Magnet Technology and Conductor for future High-
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Unique ultra-high field MRl magnets
after 11.7 T Iseult

Next step

Boost MRI magnet technology,
and magnet technology in general
to
14+ tesla, 600+ MHz
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S. Awaji et al., SUST 30 (2017) 065001 Eaat \
IR HERTRAE31.1 T, YBCOIRME144T, Hlolgil®455T
 26.7T, all RE-123 . ‘
71 all . 276 T demonstrgtor for 1.3 GHz . 3235T @ & SHiA-2019.11
no insulation coils (30.5 T) NMR project Rl HL T
(radial current sharing) ) 7

p - Series connected H - ]

oRIMZN MT(65T+45T) N — =yt LTS: 15T
b 'Resco#2 Bi2223 H YBCOP{i:
Width : 7mm

(2 DPC)
Width : 6mm
(2DPC)
Width : Smm
(2 DPC)

17.35T

2 | Width : 4mm
(10 DPC)

4 Width : Smm
(2 DPC)
Width : 6mm

(2DPC) o
Width : 7mm T — Nb3Sn
(2DPC)
Width : Smm ~— NbTi
(2 DPC) 17T

LHe (4.2 K) Series connected

S. Yoon et al., SUST 29 (2016) 04LT04 Y. Yanagisawa et al., SNF, STH42 J. Liu et al., SUST 33 (2020) 03LTO01
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NbTi

for high field up to 9T
and 4 Kand 11T at
1.8 K

NbsSn
for magnets
of 9-20T

(BiPb),Sr,Ca,Cu,0,

IBS
May do better
for magnets of >20T

17 if commercialization

\ Bi2212 or YBCO
| for DC magnets

of >20T
If cost comes

90 100
Gurevich, Nature Mater. 10 (2011) 255

MgB:

not for high field
magnets but niche
market 1-3T, 4-20K
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Iron-Based Layered Superconductor La[O{_F,]FeAs (x = 0.05-0.12) with 7, =
26 K

SRtk

(ﬁé?

T.= 26 K

Yoichi Kamihara,*t Takumi Watanabe,} Masahiro Hirano,1§ and Hideo Hosonoti§

ERATO-SORST, JST, Frontier Research Center, Tokyo Institute of Technology, Mail Box S2-13, Materials and
Structures Laboratory, Tokyo Institute of Technology, Mail Box R3-1, and Frontier Research Center, Tokyo Institute

of Technology, Mail Box S2-13, 4259 Nagatsuta, Midori-ku, Yokohama 226-8503, Japan

hosono@msl.titech.ac.jp

Received January 9, 2008
Abstract:

We report that a layered iron-based compound LaOFeAs
undergoes superconducting transition under doping with F~
ions at the 02 site. The transition temperature (T¢) exhibits a

trapezoid shape dependence on the F~ content, with the
highest T, of ~26 K at ~11 atom %.
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Major classes of IBS families

Like the case of cuprates (CuO, layer), IBS has the FeAs layered structure alternating with

spacer or charge reservoir block.

1111 Phase LnOFeAs

Z.A. Renetal., Chin. Phys.
Lett. 25, 2215 (2008)

122 phase AFe,As,
(A=Ba, Sr, Ca)

T, ~38 K

M. Rotter, et al., Phys.
Rev. Lett. 101, 107006
(2008)

- RIRGH, SHFeAs(Se)=

111 phase LiFeAs

T, ~18 K

X. C. Wang, et al., Solid
State Commun. 148, 538
(2008).

11 phase FeSe

FeSe layer

T, ~8 K

F. C. Hsu, et al., Proc.
Natl. Acad. Sci. U.S.A.
105, 14262 (2008).
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Field (tesla)

sREEFEAFRSH LIEFZ (H,)

80

70l Ba 6Ky 4Fe,As;

At 20 K, the H,can be >70 T
i o | \yhere IBS outperform both MgB,

and Bi-2223.

60}

FeSe,:Tey

= Interesting FBS have T_: 38-55 K >>
Nb-Ti and Nb;Sn

s Operation at 4K >20T or 10-30 K at
>10 T would be very valuable

50 60 70 80 90 100
Temperature (K)

Gurevich, Nature Mater. 10 (2011) 255

SME Heo( 0 K) BTRAIE 200 T, #620 KR[FZH > 70 T, EEEBiZMgB, FLTSEB S . .
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1228k B — FEFE

H_ anisotropy

!
F  (Ba,K)Fe,As, s

J. anisotropy

SampleC, T=20K] 41 :
Ll 100 ==

* Lower y d |
. \’_n(tn')u'l ) _ : i +:_$

Uppe

K-122 crystal -

e 40 -
< 10 0 20 40 60 80|
T an ' 8 (degrees)
< 30 2 Sample B A (deg
b ‘
20 -
- .‘ |
A —@— Hlic (A \
10 - A N
ok —MW—H.ic (A
-1 T K —-Hic(B)
0 1 1 I 1 L 1
5 10 15 20

Temperature (K)

Yuan et al. Nature 457, 565 (2009)

» y~1.1for K-122, nearly isotropic

Tarantini et al. PRB 86, 214504 (2012)

Materials anisotropy y
Bi,Sr,CaCu,0g, s ~100
YBa,Cu;0, ~7
Ba, (K, sFe,As, <2
MgB, ~3.5

et

Smaller than HTS and MgB,

®» v is almost 1, clearly, vortices are much more rigid than in any cuprate-much
easier to prevent depinning of any GB segment

26




Transport J_ (A cm'z)

PRELM R . R B

=7 TR R

10° ; :
49K 122 I1BS wire:
' Large J,, atH > 20T
10° b
4; Sr-122 tape . .
: BA R4t FNb,Snitkl
10°¢ :
, - Nb-Ti MgB, Nb,Sn |
10" . . 1
' Wire PIT Wire Wire :
: ] . data of Sr-122 tape,
10" ] measured in 2013 at HFLSM, Sendai
5 10 15 20 25 30

Magnetic field (T)

27



Parameters between different superconductors

LTS (NbTi, Nb,Sn) Cuprates MgB, Iron-based
Pairing symmetry s-wave d-wave s-wave s-wave
Impurity -- Sensitive Sensitive Robust
Maximum T, 18 K 134 K 39K 55K
Operation temp. <4.2 K <77 K <25 K <30 K
H. ~30T >100 T ~40T >100 T
1.5-2.4 nm (122)
Coherence length 3-4 nm 1.5 nm 6.5 nm 1.82.3 nm (1111)
. 5-7 (YBCO) _ 1-2 (122)
Anisetropyiy) 1 50-90 (BSCCO) 3: 2.5 (1111)

¢ Several similarities with HTS: High H_,, small coherence length.
¢ But IBS, lower anisotropy, the symmetry is not a d-wave but an s-wave.




Magnetic Field (T)
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& | >1GHz NMR

Shimoyama, SuST 27 (2014) 044002

‘qu. He liq. H2 lig. N2

>1GHz NMR

Fusion
Accelerator

R, MAGLEV train, :
& 723 Si crystal growth,
Magnetic separation

V' SRSk pniEse
J 16-24T
(4.2 K)

81'2223
Power cable P e
| | 1 (- 1 >Ele¢:tronicdevice ~':'z =
0 /10 20 30 40 ” 70 80 ‘

1

Temperature (K)
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//upload.wikimedia.org/wikipedia/commons/f/f9/HWB-NMR_-_900MHz_-_21.2_Tesla.jpg

Grain boundary nature of 122 and 11 IBSs

10 ) J P doped 122 ' ' )
(lkuta et al. 2013) 1 TSI
P : — \ 122 bicrystals
o~ @ : | 11 bicrystals
- 10° 0% o i
--“'?. ; OO RS Co doped 122 1
< : % - YBCO (atase et al 2011)
m - NG -
- 10°k 11 (i et'al. 2015) A7 ~0 / 94 » Drawback: J, decreases exponentially
’ 11 (Kawale et al. 2014) with increasing GB angle
i Co doped 1 22 B
10“F A (Lee otal. 2009 -1 » Advantage: the critical angle 6, of IBS
0 10 20 30 a0 GBs is 9°, larger than YBCO (6.~5°)
0 [ded]

M. Putti presented at EUCAS-2015

€ Compared to cuprates, high and three dimensional grain orientation is not necessary for IBS.

@ This feature is highly beneficial for the the realization of cheaper conductors and PIT wires for high-
field magnets at low temperature.

30
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BEBSLEHEM -PITLZ - FlIEMRA(K

S5fs S EtE, REBERNRIBERENNENSSZ, IRAPITLZE
BREBEEMRAERGZHMAREELAPIT), BIEAR. LI AL IBEEFIIEMAIRE. B%
¢|J§B|2223%n|\/|g82i’_’ e PEEIIZNE

TZE8, RAKE, §F TR E.
0 TR S: AIERZMEEME, WAg. Fe. Cu. TNENSHESBES,;
Mk RHTSZ w4, ReeFERHAgEAgE SR, HEESR.

...... - . i a(r(—(ﬁ Wire olrtape
PIECUISETS ) fetal tube A + J_(_O_’ . — »

Swagingand drawing ~ Rolling Arc Welding

800-12007C.
Under Ar atmosphere

Pnictide raw powders In-situ

Classification

Reacted Pnictide powders Ex-situ
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Resistance (mQ)

Te=25K LaO".OF"_IFeAs wires

n
L)

0.0 -‘ L

N A N L
0 50 100 150 200 250 Kl1]1]

Temperature (K)

25
SmO,_F FeAs wires

SmMOFeAs 201

1.5+

x=0.3

1.0 1

p (MQ cm)

0.5 1

0.0

Our group: Supercond. Sci. Technol. 21 (2008) 105024 0 100 150 20 20 30 33
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Putti, Supercond. Sci. Technol. 28 (2015) 114005

=LL

am
-

P E

5

-
o

actetsatad

8-10T) (A/cm?)
S
aml

J_at high field (u H
S
anl

3
o

4

@ 1111

@ 122
11

—
<

» HHOTiE

2009 2010 2011

Year

ST RIER
» BREBSETMEEEPEIL 122, 1IFEKFR;

I_‘_I
MR, ;

2012 2013 2014

RIS STILAR

FEMREN:

H R L TR
ZHEFloridaiE LK = .
HANIMS,

RIEKE

B AR K.

X EB WIS ERLRE.
HAAIST.

WA F] T Wollongong A2
EEOSUKZ.

(R Y NE==S T
HEHFEKE,
REERE,
FitE s B .

» HP12k R EREIAUIRIREBSME, AR&EANR, MERSEH

SESYSES S



Compared to 122 tapes with J_ of 10°A/lcm?> @ 10 T

C

Transport J (A/ecm’)

1111 and 11 wire and tapes: J.~ 200 A/cm? in high fields

1111 type - Sm[O,F,]FeAs

A —O— Wire [IEE2010] 10° ko ® Tape [[EE]
[ & 42K —/\— Tape [IEE2011] o v’ —O— Wire [NIMS] i
| A —<— Wire [Keio Univ2011] £ A —>— Wire [NIMS] ]
10 F A —#— Tape [IEE2012] < | O Wire [NIMS] |
Xk A —A— Tape [IEE2015] -  Lle O~o_ ¥ Tape [Tokyo]
: \‘\ =~ 10 '%? "““i-l‘a\g\ —>— Wire [NIMS] 3
10°F \ g \p) g O\f"'j“‘-:;\,\
é A\‘\ % . ‘% [/SDH P N =0
- A —h—k—A A < I D
e -A—A—A——ﬁx-——z T A ; 107 % D
102 % ) Y A [ D\ [> — D"'--. .
L-0-0—0—0 O ~D—p P
e e 42K -
O 1 2 3 4 5 6 7 &8 9 10 0 2 4 6 g§ 10 12 14

11 type - FeTe . Se,

€ The J, values obtained are still two to three orders of magnitude lower than for the 122 tapes.
€ 1111 wires: how to control fluorine content during sintering.

€ 11 wires: hard to remove excess Fe.
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Transport J_ (A/L‘mz)
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REEMBIFOCASHEESRN, RHEZ%

Kametani et al., APL. 95, 142502 2009
(a) > — /’Well-connected \

=

Low Temperature Laser Scanning Microscopy (LTLSM) + SEM gg‘sc"s Sl

< Dissipation is clearly localized in cracked and impurity-rich regions

° FEBXAERHRME, WFASERIEF, SERAEELEE, RIRFBER
#EAR TEN—EERR




TEM-EELSHAR & IN: 122 SRR A FEIFZ10-30 nm
EMIERE, mEEESEREE,

A =

EELS: electron energy loss spectroscopy

(a)
(c) = r' ey
AN ¥ FK Fe As[Sr, i N | _
amorphous Al I < =PI Ahigh level of
layer /Ao e e oxygen at the
(e) 77 [Spectrum(f IE boundaries.

e

WA Y

,

(MM

/ ArAA

4 Y\
.
,

Y 5
V V°IN
AL/

ﬂgseauaa .?“‘
=

HAADEF: high-angle annular dark field line scans
» ERFRENEASHIEIREFORTENIIANGX, BEFRFHOSTEXNE RN
EERMEMARERSIIFEFEE
» IREA, SREREMRIFNGAEHERFESI ETMHXERE!
Wang et al, APL 98 (2011) 222504
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HUFRZR—FAE, HERTHRE, KBEERS T mhliEZH

B RIUBAQEPLI AT AR B E R ALERENE, JoREEIBm;
B RASENE: SRERETNRE, HERTHE.
B HuikACEERAERR LBl F SRk E LM B FR.

100

0
Transport critical currents in the iron Wires o
pnictide superconducting wires prepared — E 10° -—
by the ex situ PIT method < —=—Pure <
Yanpeng Q. Lei Wang, Dongliang Wang, Zhiyu Zhang, Q 10 5 —— +Ag ;" 10° T
Zhaoshun Gao, Xianping Zhang and Yanwei Ma : —A— +Pb -
i ) 00 05 10 15 20
2 oH (T)
=
£ 1
=
42 K
0-1 L] L] L] L] L] L] L] L]
0 2 4 6 8 10 12 14
B P, HH (T)
5 At0T,4.2 K, I reached37.5A,
i P A0 RS Sl 0 R correspondingly, J = 3750 A/cm?,
In Situ:loose, more .
second phases Ex Situ:Dense & more 122 SuST 23 (2010) 055009



Lessons learned during the preparation of high quality 122 precursor

Less O, & rich K process

v'Phase purity of the wire samples is an important factor.

v For the 122 compounds, K loss and the formation of oxygen-rich
amorphous layers are the main causes for the inhomogeneities
and impurities.

v'Since the element K is highly volatile and has a strong affinity to
oxygen during the fabrication.

Ba, ;K Fe,As, ) E) ( BaggKgsFe,As,

41



I\E_I_IEEZ: %ﬁgﬁﬁéﬁﬁl%ﬂ— Intrinsic nature of dissipation

a [001]
Co doped Ba-122 thin films on bicrystals [,j( km-— ot
Hecher et al., SUST 29 (2016) 025004 N [\

Katase et al., Nat. Commun. 2, 409 (2011) ‘ '

1 I I 1
14 | Td—zfc A A 5 ; ' : ' : l :

107 Z E

ssbleg (T o 15 a0 45 FESSEEMN, TEHAE

O (deg.)
< YBCORINL BEFHEEMN, Etbw kK AIGHANEIRT Z,
o SfEIESAMEL, KEBSFANRFHERIANE NS
° BEBRAMABRNMREE A ESMEETM, NAREAFM.
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@D —f - = ==

Sr122+Sn KL Z= %L Smvmia SRIBRA, (e ERERE

SLHIRMLEE, SEILT SRELM R R

KNIEERA (FTBE—1MHES) , FIW T S
EHFAaREmE !

[} i i e
oo a

2
Poation (um)

10 IIIIIIIIIIIIII
2 4 6 8 10 12 14 16

Magnetic field (T)

[
(=L
S
Kt
R
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RE A GE, KBRERLCTXKEESRS; JcHERAL03, EE5FI104Alcm?,

Physica C 471 (2011) 1689; Sci. Rep. 2 (2012) 998



Optimization of mechanichal-thermal treatments for
PIT Ba-122 tapes

%

&
500 um 500 pm 500 pm 500 um
T — Sample (sheat) Working Size
—&— D-flat rolled tape 0.4 mm
—@— C-flat rolled tape 0.5 mm A (Ni/Ag) groove rolled wire 1X1 mm?
o —— F-drawn+groove rolled wire
y —@— B-drawn wire i
o B (Ag) drawn wire @ 0.9 mm
10 4o %, 3
c:é“ 0 999 4 %0 '“"'"0--#—0.._0 C (Ag) drawn + flat rolled tape 0.5 mm
S @
E o, D (Ag) drawn + flat rolled tape 0.4 mm
% 103 [® | "-o__o_.o 0-0
> s “9-9-0 9"0—0-..0 E (Ag) groove rolled wire 0.9%0.9 mm?
e > — 9o o _
\Q *—0 F (Ag) drawn + groove rolled wire 0.9% 0.9 mm?
108 44 ? . G (Ag) groove rolled + flat rolled tape 0.4 mm
0 1 2 3 4 5 6 7 8
B(T)

Flat rolling process is more effective rather than groove rolling to achieve high J!
A. Malagoli et al., SuST 28 (2015) 095015
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SU70 20.0kV 27.2mm x2.00k SE(M)

HV - HFW tllt [ dm—
5.00 kV 4.1 mm|9985x | SE |TLD|12.8 um

HRTEM - &R/ &+ SEM - 254



Application of High Pressures on IBS wires

Hot isostatic pressing (HIP)--Ba-122 round wire

\_

4 First Ba-122 round wire made in Florida State University\

Weiss et al., Nature Mater. 11 (2012) 682
J. (4.2K,10T)=~1X10* Alcm? @O0T, J.>10°A/cm?
192 MPa, 600 °C

HIP ‘
(during reaction)

» The core density nearly 100%
» Almost no grain orientation (texture)

-

\_

Later Ba-122 wire made in the University of Tokyo
Pyon et al., SUST 31 (2018) 055016

~

J. (42K, 10T)=3.8X10*A/lcm? @OQT, J,>1.7X10°Alcm?

175 MPa, 700 °C

J

Latest: For BaNa-122 HIP wire, J, (10T) =4X10* Alcm?. —— Courtesy of T. Tamegai
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Hot isostatic pressing (HIP)--CaKFe,As, (1144) wires & tapes

1144 single crystal showed promising high J. values in high magnetic fields.

The highestJ. at10 T

CaKFe,As, J.(42K,10T)

HIP tape 22000 A/cm?
HIP wire 7600 A/cm?

toH (T)

—— Cheng et al. SuST 32 (2019) 105014
—— Pyon et al. APEX 11 123101 (2018)

—@— Cheng et al. SuST 32 015008 (2019)

—@&— (unpublished)

€ For Call44, the transport J. of wires and tapes is still low.

€ When sintering temperature exceeds 500°C, Cal144 phase is not stable with Ag sheath.
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Cold pressing (before reaction)

Ba-122 tapes by combined the rolling, cold pressing and sintering

process-- Denser core yields h

igher J_

--Ag-sheathed Bal22 tapes

Steps: 4 2 3 4 =
As-rolled tape Sintering Rolling Cold pressing Sintering
(T 0.8mm) 5 (800 <€/2h) > T-0.3mm ; 2 ~3 GPa 5 (800 <€/5h)
10° ] g
o \%\\1\: : i o Rolled e The higher the core
& [ Pressed tapes e = o 1 g | ;ezl‘i'\-'eapes - -
S . £° density, the higher the J,
g :::l;\fcliﬁl aaaaaa v ” g 4
z | L < ‘
Taotpe 2
e = " 0 4.2 K, 10T:
0 2 4 '6 8 10 12 60 . SIO . I(I)O . 150 . 1:10 . l(ISO . 180 — 2
Field/T " ‘Jc = ~86000 A/cm

Cold pressing always results in fatal micro-cracks, which cannot be
healed by subsequent heat treatment.

NIMS group, Sci. Rep. 4 (2014) 4465
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EXARETZ, FEHRtEsEEEXIRSEISEH LK
— (10°A/cm?@10T)

--Sr122/Ag tapes
30 MPa, 850~900°C

e S PR 1K T 1 A
EEFF E2RB\SERI JHE! \ '

J. =10° A/lcm?@10 T

vel for practical applications Mge, 42KT:
10° o p {7000 14T, J, = ~10° Alcm?
)=
<
5 10° |
; Sr-122 tapes
S
& —O— mono-filamentary
c 3
E 10° ¢ —— 7-filamentary
—— 19-filamentary
» almost no crack !
10° I - - > high core density
2 4 6 8_ _10 121416 » strong c-axis texture
Magnetic field (T)
49

Zhang et al., APL 104 (2014) 202601



Hot pressing (during reaction) --Ba, (K, ,Fe,As,/Ag tapes

New record transport J. up to 1.5X10°A/cm? @ 4.2 K,
10 T was obtained by Hot Pressing

Ic: 437\A At18 T, J_ = ~105 Alcm? --Ic measured at HFLSM, Sendai
: At 27 T,
L e i— J,=55X10¢Alcm?
~1 . ]
= i ]
= [ '
<
h;u :u 1_ m‘: -
> a [ ]
=9 - .
s 10 4 = o1 é
I E F —e—()° 3 01
—8—Batch1 | 42 K 2 [ —e—45° F | Aci0T
—e—Batch2 | E | _a—op0 .
10° . A I z | ' Angle () ”
4 8 12 16 20 24 28 0 2 4 6 8 10 12 14
— Magnetic Field (T)
Magnetic Field (T)

Huang et al., SuST 31 (2018) 015017 y=137atl10T 50



The state-of-art high J, Ba-122 tape:

[

Transport J (A/em’)

10° }

|. measured in high fieldsup to 33 T

--by High Magnetic Field Laboratory at Heifei

10°

@ 33T, J.=3.5%x10* Alcm?

1
-'|l-|-'
1

1
.'I'-'I-.
1

H // Tape surface

—i— Water-cooled Magnet
—eo— 14 T Magnet
—a— Hybrid Magnet

35 T water-cooled magnet

12 16 20 24 28

(Heifei, China)
Magnetic Field (T)
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Latest result

Ba-122 tapes showed even

higher J_.-B value

--measured at IPP-CAS

Measured at 4.2 K

Hot-pressed samples

At12 T,

/IC:546A

J.=1.43X10°Alcm?

—_ E
> 8 uH=12T &/ Tape surface -
= 7 -
@ _ )
%ﬂ 5 I.: =546.38 A h
= 4F J =143x10° A/em’ -
= 3 ¢ ‘ s -
~ S| J.=331x10" A/em® ]
1 ‘/_-
0 ]
| L | L | L | 1 | 1 | L |
250 300 350 400 450 500 550
Current (A)

@ For hot-pressed tapes, at 12 T, 4.2 K, 1,=546.38 A, J.=1.43x10°>A/lcm?,

correspondingly, J.~ 1.6x10° A/lcm? in the field of 10 T.
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7£20-30 KHFEX, MHEEMF
£ 20K, 1 TEHT, 55iJ.~10° Alcm?

Transport J,. (A/cmz)

 —a—30K
| ——125 K
| H // Tape
0o 1 2 3 4 5

Magnetic Field (T)

TRRTHERXBNRAE!

Measured at Northeastern University in China

A E BaKFeAs-122 51

5.4 x 104 A/lcm?
@5T&20K

Huang et al., SuST 31 (2018) 015017

(HRHLILEND)



B B LA E R RS R IR 1SS I A K 3

--State-of-the-art HP tapes

Fine grains, ~3 pm

The core of HP Bal22 tape

T

Vickers hardness: ~132

‘v Rolled: ~90

High core density

e Avg. CI: 0.83
NP~ Avg. 1Q: 129872.4
& . % | No. of Indexed Points: 23021 ‘

Highly textured microstructure! Good connectivity !
(well-connected grains, no porosity )
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EBSD: Misorientation angle distribution

HP Ba-122 tapes

v Well-connected microstructure
v The c-axis texture is much improved,

v The fraction of misorientation angle

<90 is up to 42.8%.

v Nearly no in-plane texture

Courtesy of S. Awaji Pole figure
Longitudinal Longi;udinal
s e

(002)

(103)

0.35

@

Number Fraction (%)

0.05t

0.00

TEM

0.30}

0.25¢

0.20¢

0.15}

0.10¢

7 EBSD A

77 001

%% %nm

) .

0 10 20 30 40 S0 60 70 80 90

Misorientation Angle (°)

A large amount of grain
boundaries below 10° are also
detected, indicating that the

suppressed in HP tapes.

weak-link problem is effectively
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Scanning Hall Probe Microscopy:
Calculated Ic and n value (HP Ba-122)

-- Measured by Kiss group
Kyushu Univ.

Hot pressed Ba-122 tape

\500 ! | | | |
400
g
2 _ 300
=~ i |
87200 frrgr AU S— S S—
S : i |—e—lc@5K_SHPM
100 i —+H-Ic@4.2K@transport
Temperature & T T —e—Te@1 0K SHPM
. n value ; _
Field . | = lc@20K_SHPM
Eo T — . . | —®—Ic(Rol)@SK_SHPM
- 10 | ol 0 2 4 6 8 10 12
J 10K&4T 77.9 Magnetic field, B (T)
EREm—— 20K&2T 43.9
= roat 20K&4T 39.4
- —<—E(10K4T)
10 100

56
Le[A] Rolled tape



Flux pinning mechanism in HP Ba-122 tapes

Normalized flux pinning force

‘h
=

&
)

0 2 4 6 8 10 12 14 16 18
Magnetic Field (T)
A 1 A 1 A 1

—a— 20K
—— 22K ]
e 24K
g 26K
—t— 28K -
—e— 30K |
—p— 32K |

0.0.1.1. PO L N KN .
0.0 0.1 0.2 03 04 05 0.6 0.7 0.8 09 1.0

h=H/H;,.,

10°

Flux pinning force density

| o—®—0-o Nb;Snh
./ .\.
MgB, \o\
%, ° [BaK122 PIT tape]
. iﬁ"i*%\. —————— Y e
/A—A-A‘\ e \ ’ \\
."'/J """" Ao g oY T
[ & W°A/SrK122 PIT tape '
S
| \ \
| \ \
. &NbTi
1 1 1 1 1 1 4-2 K
0 S 10 15 20 25 30
B (T)

max
|:IO

~17 GN/m?

< Normalized flux pinning force f vs. normalized magnetic field h curves are well fitted by the

formula: f=hP(1-h)9, h

max

~ 0.22, indicate the surface pinning.
<= Two sources: i) dislocations, ii) grain boundaries.

< There are still much room for J. improvement, e.g., decreasing grain size seems to be a good

way to Increase F,.
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Bright field STEM for state-of- the art HP 122 tapes:
Second phases at GB

HAADF -- analysed by Larbalestier’s group at FSU

FeAs

significant O

segregation K depletion

Many clear GBs in HP-122 tape
€ The state-of-art high J. tapes still contain many contaminated GBs which disconnect the Bal122 grains.
The J, can be largely improved if we can eliminate these secondary phases.

€ Avoid oxidation of starting materials and LT sintering are important to further improve J.. e em—



4+ ¥

Magnetic J. up to 3X10°A/cm? @ 4.2 K, 10 T can be achieved
under Hydrostatic Pressure on 122 tapes

T . I 4 1 v 1 y 1 4 1 v I y

T r

-- Collaborated with Prof. Xiaolin Wang,
S. X. Dou, Wollongong Univ.

v" Using PPMS, HMD high pressure cell
and Daphne 7373 oil as the medium
. ' for applying hydrostatic pressure on
” @ B \ Sr-122/Ag tape samples.
| R \ 3
¥ mr e o L 42K v’ Tape samples were measured under
10 & oviweuree | pressure.
0 2 - 6 8 10 12 14 16 18
Field (T)

The hydrostatic pressure of 1GPa can significantly enhance J. in Ag-clad Sr, K, ,Fe,As, tapes at different
temperatures, e.g., ~2X 10°A/cm?at 13T, 4.2 K.

Pressure can improve the grain connectivity and increase the pinning number density.
The result demonstrated that the current IBS tapes/wires should have plenty of room for the J, improvement.

Shabbir et al., Phys. Rev. Mater. 1 (2017) 044805 59



E RS ERE T2 R R TE se RETEL B

BRMEsE &S
10° : e 2018
S The practical level -
: / o] —— 1.5X10°Alcm?
_ 10° T 10° AJem?® -~ v*‘__,-,—"‘"f*m%
“ : _. K" Vo i
S - * 7V o - .
< 10 o o 3
~° A | : 10°A/cm2at 18 T
© 3 [ v’ Tape Wire ]
2 10 o * % IEECAS
: v v oms 3
— 10 = <&  Univ. Tokyo =
- 42K &10T o ~urvi 1 Nexttarget: 105A/cm2at30 T
10" | | | | | | | |

2011 2012 2013 2014 2015 2016 2017 2018
Year

€ An scalable process is required to fabricate high performance long length tapes, eg,
Rolling (hard sheath), Hot Rolling or Hot isostatic press (HIP)...



Strategies to further improve J, in 122 PIT wires

ET T T 1T T T " T T T "™ T %
500 Em\ —=— Hot pressed (up) 3

400 F BN HP —0— Hot pressed (down):
2 N —e— Flat rolled (up) E
3 —0O— Flatrolled (down) 3

€ Reduction of secondary phases at GBs.

€ To improve the texture degree,

Critical Currgnt (A)
N
S

. . . . . . : Bal22 tape
especially increase the fraction of misorientation g LK Bl Tapesuface o
anqle <9, | 0 2 4 6 8 10 12 14 16 18 20
g Courge(s(;;.. lg/le.nit%nrzra Magnetic Field (T)
@ To further increase flux pinning force: o T

(1) decrease grain size to make more GBs, ﬁ
(2) Increase point pinning sites, e.g. irradiation | e
. Neutron Irradiation of

or the Introduction of nano-particle inclusion. 17 [ Bytzz single Crystals |
04 T o |

025 030 035 040 045  0.50
K concentration x

Courtesy: M. Eisterer 61
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1228k BB & Z i 21

> AT RORZRIGFE, FIRTRIIEHGEBRER, SEPRNMASSRULI AL IELEM .

J., the very weak field dependence

T U T L T 13 T ¥ T L T

Cu/Ag composite sheath & 7-core

-
o
)]

- HIP
GE r - / ]
5] [ ]
/; < [ A\'—A\_A\M\A ]
z 2 _ Ag sheath & 7-core y _
@ 5 ST Feepe—p s
4 @ 10'F :
S 5 :
3 = _ P
T L 114-core
| Fe/Ag sheath
42K 122 IBS multifilamentary tapes -
103 ! ] | ; 1 : ! A ! i 1
A 4 6 8 10 12 14

Magnetic field (T)

At42K, 10T
Yao et al., JAP 118 (2015) 203909

¢ 114-core round wires: J.=800 A/cm?.

& 114-core tapes (0.6 mm): J. =6.3X 103 A/cm?.

¢ 7-core rolled tapes: J.= 3.2X10* A/lcm?.

& Latest: 7-core HIP tapes: J.=5.3X10* A/lcm?

¢ This J_ degradation can be ascribed to the sausage effect.

NIMS

Florlda



SEEER 23545
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SS/Ag, NIMS, SuST 30 (2017) 095012

Transport J (A/cmz)

—
=]
o
T

—
[=]
o
T

10°

I HI R 1 BE

SS8/Ag sheathe d tapes
12 T Magnet Hybrid Magn ]
T-a - —HE- —H— Rolled tape 4
% ﬁ % . & —@— Pressed tapc_
@_ -»— E
\;ﬁ" "'i3==:::=-... 5
N LE BT \\
N i
\ _—
. | 28T, J.=3x10% Alcm?
! \
1 S \
\ L
NbT \ MgB \]\hlb
\ \
1 \
1 \ 42K
1 1 ‘ 1 1 } 1
5 10 15 20 25 30 65

Field (T)



So far, all high-J_. 122 IBS tapes were made
by using Ag as sheath material

Ag IS very expensive

We should find other cheap materials, in order to reduce the cost!

IEECAS, 2014

NIMS, 2014




Transport J_(A/cm?)

Tl ZF = MRECuE

]

o

=1228K B4,

> Cutf Bt EBMRIE. MIEReLr.

AESRSFNR, =&

> RACERERR T HEESBS TR EEHEE.

At 26 T: J_ = 1.6x10* Alcm?

At42K, 10T, J, >10* A/lcm?

6x10°
>+ J.=3.5X10*Alcm? |
4_)(‘10‘1 - .jk“ T o . / b
H‘\:t\
'\.:::'*-f-- S
W e e
'\.
\1
210° b )
—m— 30 min
—8— 60 min
) 4.2K
—A— 120 min B // tape surface
s 6 8 10 12 1
Magnetlu Field (T)

R & VR s v 9% TR NIRRT 77 (TR 5 S DT SNy S 'EIE
740°C /30mi

Wq\kﬁa‘\:\ mwx, o ,m""
WG S 3 R A ST QMR 7y T AT 22Tt

Omin

FRAAR

mIEEEEMR.

PR T R EE M RHIIE

10° - T I |
NS 10°F \ |
< E O—0-O\g_
) [ |
] 4 |
g o
% NbTi I‘II""‘ Nbasn
= ek I‘I‘I‘ |
E 40K |
i |
102 1 1 1 R L I I I | | I |
4 8 12 16 20 24 28

Magnetic Field (T)

WE{FE A BTRYFAFR E M

Lin et al.,

SRR, [E]RTE AT %

SUST 29 (2016) 095006



C

Transport J (A-cm'z)

Liu etal., SuST 32 (2019) 044007

10° |

Cu/Ag sheathed 122-IBS wires & tapes (HIP) at IEE

Ba-122/Ag/Cu tapes

Ba-122/Ag/Cu round wires at 740°C
—#— single-core wire
3 —&— seven-core wire c
~ 107
g -
il <
\::':\‘\' :
—
S
e 7]
3 By o', ; G 10*}
' 42 K = [
B_lwire axis

2 4 6 8 10 12 14
Magnetic Field (T)

J.(4.2K,10T)=3.1X10* Alcm?
7-core J. (4.2 K,10T)=1.6X10% Alcm?

(Rolling+HIP)

A scalable process

4 6 8 10 12
Magnetic Field (T)

J. (42K, 10 T) = ~6X10* Alcm?

=1

grain texture by flat rolling
high density by HIP
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I (A)

Awaji et al., SuST 30 (2017) 035018 Measured by C. Senatore group

500 | | | at Geneva Univ., SuST2020
a Sr122 (L1001) 2nd - /]_[\ -
® e,
400 | e a“ﬁ:m @ . 2'0._ _
LS 8:@_‘}“
Tlx_.‘x th%:f@p i
L3 @%&Bj_tapc
300 t ey ®o s !
™ —
L _©15 -
7 oy =
200+ B//tape | —
42 K
| ~1
100 ¢ - 10k -
Vtap=2.5mm 4-13uV fit '
. . |
GIUI,LVcrltcrmn A R T S T
! | | | | 5 10 15 20
0 > 10 15 20 Temperature (K)
5 (T) I/ < I+ only at low temperature and fields

& The | in applied magnetic fields is slightly higher in the perpendicular field (1,5 than in the
parallel field (1.

€ The anisotropy ratio (I'= 1.1/1.7) is quite low, less than 2, very good for applications. 69



nvalue

Temperature dependence of n value for Sr-122 tapes

-- Measured by Prof. Yang -- Measured by Dr. Oguro
Univ. of Southampton, UK HFLSM, Tohoku Univ., JP
48 3 30
: Ag-sheathed

100 4 —~
. <
. v

> [ < v =

= 10y S <

S G =

g = 5
(@] L
> =

' ] o —e— (Critical current
—&— n-value
T 4 2 K B— 10T Bh’ tape surface
< —
T 600 005 0.10 015 0.20
Courtesy of Yifeng Yang Applied tensile strain (%)
At 20 K, the n value was over 30 At 4.2 K, the n value was over 20
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Straight - E‘ﬂ - Straighten

Bending test of 122 IBS tapes

122/Ag IBS tapes SUS/(Ag-Sn)/Ba-122 tapes
T | 60 30
160 n ./r<l R=22, ¢/Ic0~98% || £ E?a - \
R e 1 50 25 F .
150 -\ _ -
- R=18, 10/160~90% || , =P San‘lple B
140 L] LT i
< | D“D\ /m \w N = R \
s ™0 \ VT ' \ | g OB T Sample A ]
i 5 = 5 c jan
120 . \ 120 210 _
L 1 b ':
pro| ==l \H 110 O 5L ]
I —0o—n | .
O3 S S T T T N I MO IR B 42 K. 10T
55 50 45 40 35 30 25 20 15 10 0 =
R, mm o 8§ 43 2 |
width ~ 4.5 mm, thickness = 0.3 mm Bending Diameter (cm)
Cooperated with Prof. Huajun Liu in IPP-CAS Courtesy of H. Kumakura

> The critical bending diameter is 4.4 cm for Sr-122/Ag tapes in thickness of 0.3 mm.

» For high strength Ba-122 tapes, the bending diameter is even smaller, only of 2~3 cm.
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The first strain measurement Eﬁj{ﬂ’ﬂﬁl/{\ A lEL)L‘L'E iji-O %
under tensile stress 7S < 5 :

1.2 T T T T T T T T T T T T T T T T T T T T T T T T 50 ] |: ] |: 1 ! 1 40

1/,

Critical Current [A]
n-index [-]

0 ] i ] i 1 i 1 0
-0.6 -0.4 -0.2 0.0
axial strain, & [%] Applied axial strain [%]
At4.2 K, 10 T: I, >125A 1228 FE LRI R SasE Bl A (-0.6%)
Irreversible strains: &= 0.25% SWMALAR, 4T YBCO!
—~ X— & IR E B SRR KR
Comparable to Bi2212 RETNHAENEKX.

Kovac et al., SUST 28 (2015) 035007 Liu et al., SuST 30 (2017) 07LTO1 72



Development of superconducting joints between
iron-based superconductor tapes

Sr-122

Ag Sheath .
(a) f P (b) _Ag foil .
7 — for persistent
A Co— | .
/ | I current operation
PN ;
6 mm 750 MPa (5 min) | hregsure
@ | — T (b) | |
100 - 100 D\D\D\D\D .
i — i ] <
< S ‘
5 s | ‘
3 3 —O—1.38 MPa
® 10F - T 10} —>— 1.84 MPa -
:‘é i 13.8 MPa g L 4.5 hours | —&— 2.30 MPa ]
O I 05hour| O 92MPa 42K : —0O—2.76 MPa 42K
- 0—4.6 MPa —7—3.22 MPa .
—>— 2.3 MPa B // Tape surface —O— tape B // Tape surface |
—0— Tape
1 1 1 . 1 . 1 . 1 . 1 1 ] A ] A ] 1 , 1 , ]
0 2 4 6 8 10 0 2 4 6 8 10
Magnetic field (T) Magnetic field (T)
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critical current ratio (CCR) = 35.3%

Zhu etal., SuST 31 (2018) 06LT02

Zhu et al., SUST 32 (2019) 024002

N
7

Optimizing the HP pressure

CCR=| Jony] tare of 63.3%
at 10 T, 4.2K
dv/dl <1 nQ




Outline

Background on iron-based superconductors (IBS)
High-J. IBS films and Coated Conductors (CC)

Fabrication of PIT IBS wires

i) Strategies to improve J. in 122 wires
ii) Practical properties of 122 IBS wires
iii) Long-length wire & inserted coils

Conclusions
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J(A/em?)

Fabrication of the meter long 122 IBS wire

The fluctuations of the J. is ~5% for

11 m long Sr-122/Ag tape

210" 4

1.5x10" 4

Liok10" 4

510’ -

1L.84x 10" AJem”

11 m

42K, 10T

0.0

| 2 i 4 5 i 7 ) 9 10 11
Position on the tape (m)

Ma, Physica C 516 (2015) 17-26

Critical Current, /., (A)

---by scalable rolling process

| distribution of a ~1 m long
SUS316/(Ag-Sn)/Ba-122 tape

42K, 10T
I = 7.2x10% A/cm?

.
(e

7y
L

8]
<

= 5.5x104 A/lcm?2

2
n

-2
e

—
N

[r—
e

L

=

1234567 891011121314151617181920
Sample Number

< 80 cm >
Challenging to longer length!

By courtesy of H. Kumakura 76
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16007 42K, 10T 5:/J, >10000A/cm?

1.4x10°

1.2x10°

NE 1.0x10°
§ 8.0x10°
;rj 6.0x10°
4.0x10°
2.0x10°
0 20 40. 80 80 100
115 m long 7-filament wire Distance (m)
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D. Larbalestier8iiS SN 4 RN

Congratulations ! This
IS a breakthrough in
IBSC wires. Hope
further success.

Many
congratulations
indeed! Will you
make the world's
first FBS magnet
out of it too?

David Larbalestier

Congratulations !
Well done to you.

Naoyuki
Amemiya

Congratulations!
It's a milestone.
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Superconductor Week . Ocober 31,2010

couting first reacts with the magnesium rod and
forms a Mg-Ca liquid 4t & low temperature during
the heating process. This iquid locally
concentrates between the magnesium rod and boroa
powder and may provide higher transport for the
diffasion of magnesium atems into the boroa.

The team wiccemfully synthesized a complete

Y Of Siences nonc
that  research group led by SRWEIME has
developed a 100.meter, iron-based
superconducting wire, reportedly the fint time

dense My om-rich of unreacted such 2 Jengzh has been achieved

boron cated IMD wires (arXiv:1609.08301 ). Currently, iron-based

with & 3 600°C., which in superconducting wire fabricated in the U.S.. lapan,
Below t gresum. The and Europe falls short of 100 meters. The

m.g.mm deffusion rate and distance increased
formation of the

manufacture of wire at 100-meser lengths b
considered 1o be critical for iroa-based
superconductons 1o be eventually used for broader

apphcations.

signific
Mgh, e
to Small Diameter Wire

tﬁ‘éﬁi*%iﬂ%ﬁﬂﬂm = At

compar 1, ciined in IMD Mgh,
i B V2 98 5 B BN wires with & small diameter. Those were prepared
REUELEIATAS (DE0% A
#a T i o

Researchers from Toboks University in Japan
alio participated in the seudy. The work received
financial support from National Natural Science
Foundation of China, the Beijing Musicipal
Science and Technology Commission, and the
Beifing Training Project for the Leading Talents in
S&T.

2016%9A

11 g
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about 1.7 x 10%

via heating at temperatures several times higher
than what is necessary for traditional PIT wires

“103 mm.diameter wires can be produced The wire has ultra-high upp """‘l flckis

wsing PIT, but PIT wire has  much lower J, than
our Cu-couted IMD wire of the same diameter.
The cost of our Cu-coated IMD wire should be a
bit lower than that of PIT wires, considering that
the price of the magnesium rod used in our wire it
Sowe than the cont of magnexum powder, Boeon
powder can be used as the boran source for both
types of wires”

K" Ma said. “Tron pritide wr«wmﬂmlnﬂ
are very promising candidates for high.field
applications, expecially next-generation MRI/NMR
devices, accelerator, and fusion magnets.
Compared to bismuth-based cuprates, iron
poictides have a moch smaller dectromagnetic
anisotropy, 1.5 o 2 for 122-type prictides.

WeyARRA BR

ARMBE;hro: I www. people. com. cn

“According to studies of the nature of the grain
boundary in 122 paictide filma, the suppression of

M

Ma highlighted haw the tesm's research would
proceed: “There are two aspects of this work that
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Recently, J_. of 100 m long tapes was further
enhanced: >30000 A/cm? (4.2 K, 10 T)

IEE-CAS

7-core Bal22

Key steps
to the
application

@4.2K, 10T, transport J. >30000 A/cm?

\

& 3.5x10" A

Alcm

et

3.0x10% 1

P

I

o

X

—

o
|

2.0x10° 1
1.5x10" 1

1.0x10" 1

Critical current density

5.0x10° A

0.0 -
0

Supported by the Strategic Priority Research Program of
Chinese Academy of Sciences (Grant No. XDB25000000).

10 20 30 40 50 60 70 80 90 100

Length from end (m)
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10P Publishing Superconductor Science and Technology

Supercond. Sci. Technol. 32 (2019) 04LTO1 (5pp) https: //doi.org,/10.1088/1361-6668,/ab09a4

Lettr HHEFRE N REEF SN ELEE

First performance test of a 30 mm iron-based
superconductor single pancake coil under a -- Cooperated with Qingjin Xu group
24T background field at IHEP-CAS

1.2.5

Dongliang Wang , Zhan Zhang’*, Xianping Zhang'>®,
Donghui Jiang®, Chiheng Dongzl , He Huang'“®, Wenge Chen”,
Qingjin Xu™® and Yanwei Ma'"*°

Island Leader A

Table 2. Specification of single pancake coil

Feed trough Parameter Unit Value
for Leader B Inner diameter mm 30
Outer diameter mm 34.8
Inner ®30 Height mm  4.62
mm Thickness of stainless
steel tape mm 0.1
Turns 4.5

Total length of IBS wire mm 450 : tooliar
®35mm SPC 82
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--Measured at HMFL in Hefei

25T-HM, RT bore ®38 mm

100 --\'\11_

< | e, 42K

g ® e o oo o .
o

= 10 3 B // tapes
g —=— Bal22 short tape

—e— Bal22 single pancake coil
1 | s | s | s | s | s |

0 5 10 15 20 25
Background Field (T)

» The I, of the Ba122 coil showed weakly dependent on the magnetic field, like the short tape.
(1.=26 Ain a field of 24 T)

® These results suggest that IBSs are very promising for high-field magnet applications.

Wang et al., SUST 32 (2019) 04LT01 83



10P Publishing Superconductor Science and Technology

Supercond. Sci. Technol. 32 (2019) 070501 (3pp) https: //doi.org/10.1088,/1361-6668/ab1fco
Viewpoint @
CrossMark

Constructing high field magnets is a real
tour de force

Jan Jaroszynski This is a viewpoint on the letter by Dongliang Wang et al (2019 Supercond. Sci.
National High Magnetic Field, Technol. 32 04LTOI).

Laboratory, Tallahassee, FL, Following the discovery of superconductivity in 1911, Heike Kamerlingh
32310, United States of America Onnes foresaw the generation of strong magnetic fields as its possible application.
E-mail: jaroszy@magnet fsu.edu He designed a 10 T electromagnet made of lead—tin wire, citing only the difficulty

in obtaning ‘relatively modest financial support’ for his laboratory in Leiden.

%@ﬁ;ggﬁgﬁﬁﬁg@gﬁg& hel[ziflél lin efxpluinilr.lg ll.ht: lal[leé. F(lj"()lﬂ a pra;clll!cul Et}inl of.l\,-'it:ul-'].. [ES dll"t: ildt:ul 1
e candidates for applications. Indeed. some of them have quite a high critical curren
«ﬂ%ﬂﬁ» ﬂi?(lﬂfﬁﬁﬂzﬁ Wen in strong magnetic fields, and a low superconducting anisotropy.
Moreov

TRALY h
XE—ANEELE R it

> the cost of IBS wire can be four to five times lower than that of Nb3Sn,
aking it more expensive than NbTi, but with much higher critical parameters
Nb3Sn. Attempts to make a superconducting wire started immediately, using
he powder-in-tube (PIT) [11-13] or coated conductor [ 14, 15] methods.

T EL 4L A A kR LB
$9€%E‘_r'£ EI,J 1“ *%Hbﬁ]gtthP)Sﬂ However. this is an important result, because at such high fields. coiled wires suffer

{£4-51&"

from high tensile hoop stress that pushes them to the limits of their mechanical
strength. In this high stress regime, critical current densities and critical fields are not
what limit the generation of very high fields, these are forces exerted to the super-
conducting wires. Here, the Bal22/Ag/AgMn tape coil survived these forces.
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Recently... Made by Qingjin Xu group at IHEP
4 QuenchCurrentwrt Background Fleld oftheIBS RacetracksCon
&\zz: v\v§v\ —v— |ucurveofIBS
g 80 .%:\xs
: : Baikgrou(rls]d FieI%:i (M oo
IBS Racetrack coil ~ B#RRETRELR

Parameter  Unit  Value & MIERUEL L0 TE = Tia A B IRE R X 7 14 5ERY86.6%,
idih I e BNE T ARSI SR ELBEIOTE = TR FIERERE .
Thickness mm 0.33 hSe e e )
——— . & ERR T ERETM A THI &R RMESUAEFESIART %
AR 51t
ratio 2 -- to be published in SuST 2020
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vV S EBS & TMRERMBEREEESL2 K10 TTE#81310°%A/cm?
RISEAEIHE, &&=J.=0.15 MA/cm?;

V R HEIREARRREBIKE (G KEMENIRES T3E)
AENRUNRAEE T M EEEA.
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Challenges for the next stage R&D

v'Ultra High In-Field Critical Currents: | - B
— e.g. critical current density J, > 10° Alcm* @ 4.2K,30 T

v"Homogeneous long length tapes (if using rolling):
— High performance, high productivity, length up to 1 km level

v'Low Cost High J. Round Wires (if using HIP):

— 1) instead of using Ag, 1i) round wire Is ideal for high homogeneity
magnets

v"High Mechanical Strength Wires:
— Tensile, Bending
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Thank you for your attention!

From a movie: Awvatar
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