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(Preliminary) Lecture content ﬂ(“.
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Introduction and overview

Superconductor applications

Normal metals and properties of the normal conducting state

Perfect conductor, ideal diamagnetism, Two-Fluid-Model, London theory
Disordered superconductors, Pippard theory, microwave properties
BCS theory

Type-ll superconductors, current transport

Bean Model, Ginzburg-Landau theory

GL theory, intermediate state

Superconducting materials for applications

Critical currents, pinning and superconducting permanent magnets
ac-losses, electrical stabilization and thermal aspects

Josephson junctions and SQUIDs

Josephson junctions and SQUIDs

Lecture 10: Superconducting materials for applications Institute of Technical Physics (ITEP)
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Superconducting materials for power/magnet applications

- Historic overview

- Low temperature superconductors (LTS)
NbTi
NbsSn
NbTi/NbsSn comparison

- High temperature superconductors (HTS)
Y123 Coated Conductor
Y123 bulk

- Magnesiumdiboride

SoSe 2021 Lecture 10: Superconducting materials for applications Institute of Technical Physics (ITEP)



Historic Overview ;\\j(IT
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0 Superconductor Material Discovery
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SoSe 2021 Lecture 10: Superconducting materials for applications Institute of Technical Physics (ITEP)



Overview

SoSe 2021

Technical relevant superconductors

Superconductor Critical Critical Year of
phase/family temperature Field B, discovery
NbTi 9,3K 145T 1962
Nb,;Sn 18,3 K 279T 1954
MgB, 39K 8-16 T 2001
BSCCO 2223 ~110K >80T 1987
BSCCO 2212 ~80 K >80T 1987
(RE)BCO ~90 K >100T 1987
RE123

Fe-based SC 10 K-55 K -90T 2008

Lecture 10: Superconducting materials for applications
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Superconducting materials for power/magnet applications

- Historic overview

- Low temperature superconductors (LTS)
NbTi
NbsSn
NbTi/NbsSn comparison

- High temperature superconductors (HTS)
Y123 Coated Conductor
Y123 bulk

- Magnesiumdiboride

SoSe 2021 Lecture 10: Superconducting materials for applications Institute of Technical Physics (ITEP)



Nb-Ti ® Crystal Structure
® body centered cubic (bcc)
® lattice constant = 3.285 A
® Nb and Ti atoms statistically

@ Advantages:

distributed over crystal sites
& Nb0.6Ti0.4 . TC - 9,8 K

B,=115T

Excellent strength and ductility
High current-carrying capacity
Low cost

React and wind possible

® Applications: MRI, NMR, laboratory magnets,
particle accelerators, SMES, minesweeping, ore
separation, levitated trains
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NbTi-Wires

Nb Ti cylinder

Cu

Bundling in Cu-

container

Production scheme

Evacuation and

Chemical
cleaning

Evacuation and
sealing (welding)

Heat treatment

Heating
~ 550 °C

sealing

Hexagonal rod

Inspectio Insolation

n

Heat
treatment
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Deformed
wire

Pressform (die)

?%//////////////\

Rohling
(billet)

Single filament

o

Multifilament

awing

SoSe 2021

Heat treatment

twisting
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Multifilament wire
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NbTi: Monolithic Conductors A\‘(I.I.

F24-6.5 F54-1.35 F12000 F6200 MQY

Poloidal field SC Generator F144-2.6 F8670 LHC
conductor CuNi matrix Wendelstein dipole strand
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N bTi : Pi n n i n g Ce ntres Karlsruher Institut far Technologie

Flux line distance comparable
with distance of o-Ti-precipitates

NANENSTT TN L0 aW |

41618
-‘j

@ Equilibrium Fluxoid

Muttifilamentary Cu/Nb-Ti s v, -
Composite SSC Type Wire S ==,

in Transverse Cross-Section = ‘ ,, | 1Spacing at 5

Courtesy of P. Lee

TEM Micrograph of a Transverse Cross-Section
of a Nb-47wt.%Ti Filament at Peak Final Strain
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Superconducting materials for power/magnet applications

- Historic overview

- Low temperature superconductors (LTS)
NbTi
NbsSn
NbTi/NbsSn comparison

- High temperature superconductors (HTS)
Y123 Coated Conductor
Y123 bulk

- Magnesiumdiboride
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The A15-phase (A,B, B-Wolfram) AT

SoSe 2021
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8

Example: Nbs;Al, Nb;Ga, Nb;Ge, Nb;Sn, V;Ga,

V;Si

General stoichiometry: A;B,
® A:transition metal (V, Nb)
® B: metal, semiconductor (Si, Sn, Ga, Ge, Al)

B-atoms in bcc-lattice, + 2 A-atoms on cube
faces

Very brittle
NbsSn: T, =18 K; B, (4.2K) =18 T

With Ga- rsp. Ta-addition :
B,(4.2K)upto 25T

unit cell

Lecture 10: Superconducting materials for applications Institute of Technical Physics (ITEP)



Powder-in-Tube-Process &‘(IT
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» Sn-powder in Nb/Cu tube

. Drawing » Deformation + Bundling
rffyrsor » Phase formation (>930°C)

Drawing > First hlgh field magnet
1961
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Nb,;Sn-conductor ﬂ(".

Examples (Bronze-Route) — European Advanced Superconductors
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SoSe 2021 Lecture 10: Superconducting materials for applications Institute of Technical Physics (ITEP)



AT

Karlsruher Institut far Technologie

Superconducting materials for power/magnet applications

- Historic overview

- Low temperature superconductors (LTS)
NbTi
NbsSn
NbTi/NbsSn comparison

- High temperature superconductors (HTS)
Y123 Coated Conductor
Y123 bulk

- Magnesiumdiboride
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NbTi and Nb;Sn comparison &‘(IT
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Temperature dependence of the upper critical fields
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NbTi and Nb;Sn comparison ﬂ("'
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Critical Current Density
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10,000 =+ — EESEEE=ES|
] 42K [ ;\lll()-Tl-Ta - Nb-Ti: Example of Best Industrial Scale Heat Treated
7 Composites ~1990 (compilation)
% ) Nb-37Ti-22Ta: at 2.05 K, 210 fil. strand, 400 h total HT,
e Chernyi et al. (Kharkov), ASC2000
2 NbsSn: Non-Cu J; Internal Sn OI-ST RRP #6555-A, 0.8m,
o 1,000 LTSW 2002
< - Wt —x— NbsSn: Bronze route VAC 62000 filament, non-Cu
% 4 e 0.1uW:m 1.8 K J;, VAC/NHMFL data courtesy M. Thoengr.
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University of Wisconsin-
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Applied Superconductivity
eemerzooz - Compiled by Peter J. Lee
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NbTi and Nb;Sn comparison A\‘(IT
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Summary
Nb;Sn shows higher stability
+ higher temperature tolerance (7. = 18 K, NbTi: 10 K)
+ less need for Cu stabilization
+ higher B,
+ B, improvement by alloying
Disadvantages of Nb;Sn
- mechanically brittle
- j. depends on mechanical stress/strain

- quite expensive !
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Superconducting materials for power/magnet applications

- Historic overview

- Low temperature superconductors (LTS)
NbTi
NbsSn
NbTi/NbsSn comparison

- High temperature superconductors (HTS)
Y123 Coated Conductor
Y123 bulk

- Magnesiumdiboride
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High temperature superconductors (HTS) QAT
Bi(Pb)-2212  Bi(Pb)-2223

2212 ~ (Bi,Pb),Sr,CaCu,0y (x ~ 8) :
2223 ~ (Bi,Pb),Sr,Ca,Cus0, (x ~ 10)

Cu
Ba

Ceramics with
complex layered unit
cell

(2-dimensional)

CuO,-Ebenen ":':O Y
responsible for ©
BSCCO superconductivity 1
_ _ 1 REBCO/RE123
Strong anisotropic
properties REBa,Cu;0;.,
Very small .
coherence length RE:Y, Nd, Er,
(< 1nm) Gd, Eu...
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Yttrium Barium Copper Oxide (YBCO/Y123) QAAT
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Critical current density *‘(IT

Critical Current A n i sotro py
Density (4.2 K), A/mm*
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J. comparison ﬂ("‘
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Superconducting materials for power/magnet applications

- Historic overview

- Low temperature superconductors (LTS)
NbTi
NbsSn
NbTi/NbsSn comparison

- High temperature superconductors (HTS)
Y123 Coated Conductor
Y123 bulk

- Magnesiumdiboride
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HTSC grain boundarles - &‘(IT
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Measurement
on bicrystals
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YBCO-tapes (Coated Conductors) ﬂ(IT
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lon Beam Assisted

Rolling Assisted Biaxially
Textured Substrates (RABITS)

Deposition (IBAD)

substrate

ion beam PLD,

e-beam,
Sputtering,
MOCVD, MOD

texture evolves in
buffer layer

Based on biaxially textured substrates Based on biaxially textured buffer layers
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Superconducting materials for power/magnet applications

- Historic overview

- Low temperature superconductors (LTS)
NbTi
NbsSn
NbTi/NbsSn comparison

- High temperature superconductors (HTS)
Y123 Coated Conductor
Y123 bulk

- Magnesiumdiboride
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Melt textured bulk YBCO ﬂ(".
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Hysteresis of type Il superconductors A\‘(IT
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Magnetization and flux profile

H > H.~ flux penetration

B ;
M dB/dr~jc

Dy =2*101° Tm?
& =1,8nm

Pinning of flux lines by defects
(pinningcenter)
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Very strong magnets compared with
conventional permanent magnets A\‘(IT
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Brax=0.4T

10
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Superconducting materials for power/magnet applications

- Historic overview

- Low temperature superconductors (LTS)
NbTi
NbsSn
NbTi/NbsSn comparison

- High temperature superconductors (HTS)
Y123 Coated Conductor
Y123 bulk

- Magnesiumdiboride
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Why is MgB, special ? ’ A\‘(IT
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Highest T. for binary systems (39 K)
Low material costs and easy to synthesize
Refrigeration based cooling possible

=
®
o

Hexagonal crystal structure (AlB,-structure)
Hg-Ba-Ca-Cu-O

La rge CO h e re n Ce Ie ngt h ::Z Nachttemperatur auf dem Mond Ti-Bge‘l-Ca-C:u-O n =
(no weak-link-prperties of grain boundaries) 5 0 BSY:::_‘
Multiband superconductor - A

60 =
Anisotropic critical fields » LaBacuo | (IMgB,

5o | Flussiger Wasserstoff 20 K NbysSn NB-Al N?s.Ge

HgL‘Pb\ | Nb beN_' | NbT Flussiges Helium 4,2 K
0 I i} I I I I 1]
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Jahr der Entdeckung
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PIT-Technology: wire examples QAT
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HyperTech Research Inc., USA IEE, Bratislava

Cu-30Ni

iy
. « cu Fe — W T
. t MgB S [ ]

Columbus Superconductors srl,
Genoa:

mgB,  Cu Fe Ni

SoSe 2021 Lecture 10: Superconducting materials for applications Institute of Technical Physics (ITEP)



