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fur die Energietechnik
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HTS Drahte und Bander

~Flexible Supraleiterbander mit hoher Stromtragfahigkeit
fur energietechnische und industrielle Anwendungen

werden heute kommerziell hergestelit."

www.ivsupra.de
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Hochtemperatur Supraleiter

- Herausforderndes Material (Stromtransport) _ _
— Komplexe keramische Oxide

— Kristalline Schichtstruktur
— Starke Anisotropie
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YBa,Cu;0,

Supraleitender Strom:
parallel CuO-Ebenen >> senkrecht CuO-Ebenen

Proprietary and confidential 4
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HTS Bandleiter

- HTS Architektur — diinne flexible Beschichtungen
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= nanoschicht
HTS Bandleiter

- HTS Architecture — orientiertes epitaktisches Kristallwachstum

'

Statistisch orie Hochorientierte kristalline Schicht
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HTS Bandleiter

- HTS Architecture — orientiertes epitaktisches Kristallwachstum

SPMAGEOD?

AFM-Analyse einer Ceroxid Pufferschicht
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Prozesstechnologie
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- Chemical solution deposition (CSD)
- Chemical vapour deposition (CVD)
- Physical vapour deposition (PVD)



http://upload.wikimedia.org/wikipedia/commons/b/b1/PICT0111.JPG
http://upload.wikimedia.org/wikipedia/commons/b/b1/PICT0111.JPG
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Prozesstechnologie

- CSD - CVD - PVD

PVD

Mocvb

-

¢SpIMOD

>

Verdampfen

Verdampen

o

Beschichten +
Trocknen

" Sag’s
| 3;&6

Abscheiden

Sersetzen +
Abscheiden

>

.
L

Jersetzen +
Kristallisieren
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Prozesstechnologie

- orientiertes epitaktisches Kristallwachstum

Orientierung der Verwendung von orientiertem

. Pufferschic_ht Metallsubstrat
wahrend Beschichtung

IBAD: Ion-Beam assisted deposition RABITS™: Rolling assisted biaxially

ISD: Inclined substrate deposition textured substrate
10
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Prozesstechnologie

- orientiertes epitaktisches Kristallwachstum
Orientierung der Pufferschicht wahrend Beschichtung

lonenstrahl O*

IBAD ISD
lon-Beam assisted Verdampfer Inclined substrate
deposition deposition 11
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Prozesstechnologie

- orientiertes epitaktisches Kristallwachstum
- Verwendung von orientiertem Metallsubstrat

Nickel-Wolfram-Legierungen Rekristallisations-Glihung
Kaltverformung >95%

RABITS™: Rolling assisted biaxially
textured substrate

12
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Prozesstechnologie

- Eigenschaften im Magnetfeld
- Einbringen von Nanopartikeln in HTS Schichten
- Mdoglich mit aIIen Herstellprozessen

e
25 nm

Quelle: ORNL 13
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Prozesstechnologie

- Eigenschaften im Magnetfeld
- Einbringen von Nanopartikeln in HTS Schichten
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Hersteller und Kapazitaten

Beitrage von:

Flir Details wenden
- THEVA Sie sich bitte direkt
- Bruker HTS an die Aussteller
- SUNAM

- STI

- SWCC

- AMSC

- Deutsche Nanoschicht

Alle folgenden Folien wurden von den oben genannten Firmen zur Verfiigung gestellt. Fur
den Inhalt sind die Firmen verantwortlich.

Abschatzung: ivSupra



THENVA

THEVA PRO-LINE
Der HTS — Bandleiter von THEVA

= Juverldssig striktes Qualitatsmanagement " & /

= |eistungsstark extrem hohe Stromtragféhigkeit e \ W4

= Weltbewerbstdhig Kosteneffiziente, industrielle Fertigungstechnik

Kontaktschicht Supraleiter Deckschicht .
Silber . GdBaCuO MgO Orientierungsschicht
ISD-MgO
/ E-poliertes Substrat

Hasfelloy C276

Mérz 2014




VERFAHRENSTECHNIK
Durchgangige PVD - Abscheidung (e-Strahl-Verdampfen)
Substrat

* Hastelloy C276. unmagnetisch
* Hohe Festigkeit > 500 MPa
* Reinigung & Elektropolitur

MgO-Pufferschicht

= Schrdgbedampfen (ISD)

* biaxiale Crientierung, FWHM < 10°

= 25°Verkippung, gestufte OberilGche

GdBa,Cu;0;,-Schicht
* Kontinuierliche E-Strahlverdampfung
* Hohe Abscheiderate

* Stoichiometrie fest vorgegeben durch Pulver

Moz 2018 H




THEVA

HTS - BANDLEITERFERTIGUNG

Modernste Produktfionstechnik

Merkmale der Pilotfertigung

* Modulare, vollautomatische Anlagen

= Konftinuierliche Ein- und Ausschleusung

* |nline QualitGiskontrolle

* Geschwindigkeit aktuell: >30 m/h @ 12 mm Breite
= |eiterlGnge: 60m (akiuell) — 600m (bis Ende 2016)

=  Ausbeute: > 70% [Krtedum: |->380A, L = 25m)

Zielsetzung

* Hohe Kosteneffizienz in der Produktion
* Robuste Prozesse mit hoher Ausbeute

* |mplementierung industrieller Standards

* Durchgéngige QualitGissicherung

Alle folgenden Ergebnisse aus der Produktion

MOz 2016




THEVA

ERGEBNISSE
Leistungsfahigkeit— 60 m Prozessldnge

Stromtragfahigkeit (2@ 12 mm)

- = Ao A
" emin bBISZU S00 A = ool ,
= 4z
" loawg bDIszZU 200 A 200 |
] —_ = .
l”'ﬁ-'m:' SZU 1200 A 1:?- WMW
(2]
40
0]
L]
] F- 1 (1] - 100
Prrgitaan omj
& —TTK
| — 70K
Gute Magnetieldvertraglichkeit %‘ s I'l X —-—
S0
Lift-Faktoren: g - ! o
'E-p s "o ——42¥
(30K, 2T/ 177K, g f) = 2 H EN e
o - .\;\_\-I.
|lof4.26,10T) /177K, 55) = 2 1 ot | | f
. . s —— 1 ..
vergleichbar zu AMSC ,,enhanced pinning” . EEEE;:,E;_.._; A
] 1 H F] + & W T W W &
Magmeiiatd [T]

IOz 201 &




THEVA

TECHNISCHE LEITER UND ANWENDUNGEN

Konfektionierungund Magnetspulen

Elekirische Stabilisierung

= Laminierung:

100 um Cu-Folie einseifig TPL 12100 CUI00 S
50 um Cu-Folie doppelseitig  TPL13100 CUZx50 [
= Galvanik: 10-20 pm Kupfermantel TPL 12100 CU2x20 I ]

Spulenbau (EcoSwing Windkraft-Generator)
* |ndustnielle Wickeltechnik

» Niederohmige Kontakte (< 10 n})

»  Spulenverguss flr robuste Spulen und zur

Aufnahme groler Krdfte

Ecoswing 2ZT-Testspule
mit Sonderabgeffen

Miorz 20146




BRUKER HTS

Capabilities of BHTS pilot-lines

» BHTS main mission:
manufacturing of 2G HTS coated conductors

» Two production lines in Alzenau:

# Pilot-line for 4mm wide HTS tapes with the
capability to process a max. single piece
tape length of 600m

Amm wide HTS tape
without insulation

Ty

IN OPERATION

# Pilot-line for 12mm wide HTS tapes with
the capability to process a max. single
piece tape length of 100m

RAMP-UP IN PROGRESS

#» Comprehensive testing devices for process s
and quality control of coated conductors '

Amm wide HTS tape with
insulation on a 20" reel

Innovation with Integrity



BRUKER HTS

BRUKER
BHTS s process chain
» The standard processing route for the Typical HTS layer stack

BHTS coated conductors consists of ...

AgfBu protecian kyer (0.1-3 pm)

YBOO {1-3 um)
C=02 buffer {~0.05 pm)

... stainless steel substrate polishing
and cleaning

YEZ buffer [~1.5 pm)

... YSZ buffer layer coating by
vacuum deposition (ABAD)

I o o]
RRRINRINAR

... Ceria and YBCO layer coating by

vacuum deposition (PLD) oo 220 o trete (5310 e
... Ag shunt layer coating by vacuum

deposition (evaporation) and Ag Idealized sketch of the BHTS
layer annealing in 02 atmosphere process chain

... Cu encapsulation by plating

180um

... final inspection and quality check
of the HTS tapes

Innowvation with Integrity



BRUKER HTS B%R

BHTS's core competence

» Icin-field performance @ (4K, B up to 31T) of coated conductor samples
from different manufacturers measured at FSU in November 2014

» An Ic value of 309A at 4K, 31T was obtained for the 4mm wide BHTS

tape samples BHTS tapes ...
700 B I R -

B 400
& SuNAM NI
300 weien SUNAM N2
o SuperOx N2

~—0— SuperOx N3

<L v~ SuporOx N4

‘ - 200 B —a—AmMSC
/ Y e Figioua N1
” —— Fyhum N2

o SPTT

—e—SP 129 N1
I —+— SP 120 N2
—— SP 132 N1
e SP 132 N2
100 -2— SP 127
- Bruker 190 N3
o Brukor 190 N4

... which fulfills the Ic

requirements for the next

generation of BRUKER

BIOSPIN persistent super-

conducting magnet for

NMR spectroscopy
mws

Innovation with Integrity



BRUKER HTS
Pilot-line equipment

» Tape processing
equipment with
different substrate
handling concepts
(batch and reel-to-
reel R2R processes)

PLD600
Batch vacuum coating

ABAD3 PLD600
R2R vacuum coater substrate drum

Innovation with Integrity 7

R2R electropolishina
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New Gov't Sponsored Coated Conductor Project

kA rated conductor for commercialization
Critical current; I > 1,000 Alcm @77 K, s.f. -

(length = 1 km, uniformity > 96%)

In-field performance; I¢> 1,000 Alem @20 K, 10 T o % 4 DC Reactor
Characterization CNU / KERI
Stacked conductor; Ic> 1,800 Alcm @77 K, s.f. RIST
|- measurement tech.; 0-10 T, = 1,800 Alcm, 2077 K - . /
High I, CC
DC reactor demo; 400 mH, 1,500 A (1,000 Afcm, 1 km)
SUNAM
!
Stacked Conductor
> (1,800 A/cm)

KERI
~US$13M; $9M from Gov’t, $4M from SuNAM

(June 2013 ~ May 2017, 4 years)

Sponsored by Ministry of Trade, Industry & Energy(MOTIE),
through Inst. of Energy Tech. Evaluation and Planning(KETEP)

SUNAN




SUNAM RCE-DR process

m RCE-DR : Reactive Co-Evaporation
by Deposition & Reaction (SuNAM.
RZ2R) : Patent pending(PCT)

Metal hp_ MuRiturn REE

ﬁﬁ

Furnace

ﬁumpuut u,:_-,

2 km
m High rate co-evaporation at low } "“'“'_‘"""_'"“' .
temperature & pressure to the target ' Ofrenaty =
thickness(> 1 um) at once in ViSm)_Cu_Ba E:ﬁ?#'f:'m | '

deposition zone (6 ~ 10nm/s)
m Fast (<< 30 sec. ) conversion from

amorphous glassy phase to ,

superconducting phase at high 10 h 10
temperature and oxygen pressure in : 10’ -b\‘-x‘ 107
reaction zone = ':‘H\ }!:""—’ 0" §
m  Simple, higher deposition rate & area, :: . Cr:rnventir:rne;l Y’ "N 'n
low system cost o't CDR path SuMNAM
m Easyto scale up :single path 10” fﬁeaﬂeft}rfga% I D&E;I[g

i T e
3 1] ) . time)
SUNAN T e




RCE-DR Results on Stainless Steel Substrate

04 Hall measurement
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7Y (4)-Step Superconducting Wire Manufacturing

1kmx
100 mm

Ceramic
Coating

SST /C-276

1kmx 12Zmm

MeQ,

Template

1kmx 12mm (Optional)

2GHTS + Ag Ag/Cu/
Cap Other

Varying Thick
(pm)

D 2018 Spcmondicly Techreb oo ne Mosricry ond Al RGhS Soycmscd ﬁ_’yS_T’



1km x 100mm Wide EXAMPLE: (8X) 1km length Reels !
Ceramic/SDP Slitting to (8X) 12mm Wide  12mm width Planarized ;
Coated Substrate (Typical Product Dimension) Coated Substrate |

Atmospheric . OPTIONALSlitting Width — Product Configuration Flexibility

Reel-to-ReelProcess e et -
7ZSTI



Reel-to-
Reel

Load (6x) 20 cm
Samples from
1km Reel
START & END

STl Production :
Wafer/Template k
Film Growth
Platform

-
- . ,J "
. - )
") Wk
1
. e
] \ Ll

Grow Standard 0.7um Recipe
REBCO on (6X) 20 cm tapes

-

#ISTI



7Y STEP 3 - 2G HTS Tape Completed // Measure

T

12mm x 400
meter length
(RE)BCO HTS
with Silver
cap layer

Atmospheric, Reel-to-Reel

Tape Product Width: (thd)

Batch Size: (meters) 3000 2150 1000 850 100

Capacity: 950 750 300 250 25
Kilometers/Year/Machine

ZISTI




Y Conductus® Ic Measurement

12 mm Wide Tape 4 mm Slit Tape -
*
A O0E-0% &
ol 0K -5 :
1. 00E-0%
> 3D0E-05 >
B 8 200605
= 200 -5 =
= F rooem
1. D -F 2.00E-20
0ok o 8 S el el el ol el 1.0 05
0 T 400 & &0 i) 0 50 100 150 00 hE1] 00
Powwar suooly limis
Current |4 ' Current |4} ipvfcmﬁ'??ﬂf&f

Direct Ic measurement maxed out at 900A for 12 mm tape (power supply limit)
o Slit same tape to 4mm and measured 2694
o This corresponds to 807A — lower than 12 mm due to slitting loss (™ 10%])

o 4mm tape cut on both edges



MOD REBCO Coated Conductor [JEEIC

BATCH PROCESS — = . .'
DC SPUTTERING ”""""""""”|
E TFA-MOD . '
e
z ——
Crystallization
) RF SPUTTERING f hatd J
i
et
| -
o
o
c
b=
o
E i N “:- 1]
() Ni based HIGHLY Calcination (jw
alloy IN-PLANE TEXTURED ) : ‘.‘
o o
ARCHITECTURE OF — | | /
MOD REBCO COATED CONDUCTOR [ RF Sputtering | \»_J—L_‘%J

—
SWCC SHOWA CABLE SYSTEMS CO., LTD.  opiomber cndio s balomne. werm 4




Rated voltage
Nominal voltage (U,)
Continues rated current
Critical current (7.)

Withstand AC voltage (2.5U)

o
-
frae]
-
LL
Q
i
]
™
4
(=)
c
=
©
o
(&

Withstand lightning impulse voltage

Short circuit current

SWCC SHOWA CABLE SYSTEMS CO., LTD.

35kV
21kV
600A
1200A
53kV
200kVp
25kA 2second

Specifications of HTS cable system SUJ((




Amperium® Wire Products

Wires addressing a wide range of power applications

Wire Type

Architecture

Minimum /;
77 K, seli-fiekd, 1 pV/fom

Wire Splicing

Applications

Standard Amperium Wires — See www.AMSC.com

80, 50, 100 A Resilient Electric Grid
Brass Laminated 4.4 Single HTS, 3-layer, 4.4 mm | 140, 150, 160, 170. | Factoryspliced to (REG), AC and DC Power
2700 = wide, 150 pm thick brass 180A ~1 km long Cables, Low Voltage DC
Cable Formulation Cables
Copper Laminated 4.8 | =SS Single HTS, 3-layer, 4.8 mm 20, 90, 100 A Factory spliced to Small Coils, Saturated
8501 wide, 50 um thick copper ~1 km long Core FCLs, Magnets, SMES
) 200, 250 A, ) .
Copper Laminated 12 |[messss| | Single HTS, 3-layer, 12 mm 350 Factory Spliced to Large Coils, Generators,
2502 wide, 50 thickco r . . ~500m long Motors, Large SMES
Hm PRe Corl Formulation ee
. Medium and High Voltage
55 Laminated 12 - M| Single HTS, 3-layer, 12 mm . ..
200,225, 250 A Fi Resistive FCLs, Current
8602 = wide, 75 pum thick 55 > Splice Free
Leads
55 Laminated 12
Double HTS, 4-1 » 12 . i tage
Double Insert - e FyEn 5 M 400, 450, 500 A Splice Free Medium and High Vol

2612

wide, 75 pm thick 55

Resistive FCLs




Amperium Coil Wire: IcBT, //C P

4
Production Wire, 8502-350, 12mm Copper Stabilized amsc

Amperium Coil Wire
I, Range: 300-370A/cm-w (77K,sf)

Hic-axis

| B

- 77K
LR34
—— COK

1 — 50K
s MK
\ T 350A *2.2 =775A R T oy

L Jc
— 20K
— 15K

Field (T)
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Process Technology

- Challenges for development and
production

« Best price performance ratio
(€/kAm)

« Scalable large volume production

 Reliable and in-time supply

» Flexible but mechanically and
electrically stable

38




deutsche

— — s

nanoschicnt

Process Technology

- Chemical solution deposition

« Chemical solution deposition (CSD)
for all layers is considered to be the
»,most promising and most
challenging process™

 Unique and protected CSD-multi-
layer technology

39
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Process Technology

- Chemical solution deposition

Advantages:

« highest throughput (deposition rates)
* lowest investment W

* lowest energy consumption
 low raw material costs

— favourable for energy applications
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Performance VDM Metals
Honeywell
- Development with industrial partners over nearly 10 years Heraeus

- Sample lengths increased from 5m (2018) towards >50m (2015)

300 -

250 -

200 1%

150 -
100 -
50 -
-.—l

2008 2009 2010 2011 2012 2013 2014 2015

lc [A/Acmw]
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Performance A JULICH

FORSCHUMGSZENTRUM

- Development with industrial partners over nearly 10 years

- Short sample measurements of long length tapes Rasae
40— T T T T T T T 600 —\\ - -
350 |- 4 L% N431581 (10mm)

[ Sample N431840-3 | © —+—N431581 ( 3mm)
300 + | 500 - N431580 ( 4mm)
< 250 | £ 3 »
= s = 400 | ) =
é 200 |- i ES
N E
o 500mT g = 300 | |
G i o
100 + o =
L o
50 |- - :'tg 200 | |
o TSR O O SN 1R (0 DR [NV | LI [ [ [N 0 } ) 1..‘ .5
62 64 66 68 70 72 74 76 78 80 82 84 86 88 ol I
Temperature [K]
275 A/cmw @ 77K,sf - % ]
600 A/cmW@30K,1T 030.1.1.1.1.1.1.1.1,1,1“‘;-«-"&.

35 40 45 50 55 60 65 70 75 80 85 90

(@1000nm HTS layer) Temperature [K] 47
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Expanded pilot line

- EPL construction until end 2015
- Planned capacity > 200km technical HTS wire

- Start sampling for projects mid 2016

P

Wi\ A

B
Lab prcessing

"1\\\ ‘ ’ ’
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Kooperation BASF (Deutsche Nanoschicht) und AMSC

e

- BASF

We create chemistry

AMSC and BASF form strategic relationship to develop lowercost
superconductor wire

BASF to license AMSC’s second generation high temperature superconductor
manufacturing technology

Parties agree to develop advanced low cost manufacturing process for second
generation high temperature superconductor

DEVENS, MASSACHUSETTS, USA and LUDWIGSHAFEN, GERMANY —March 08, 2016 —

44
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Zusammenfassung

~Flexible Supraleiterbander mit hoher Stromtragfahigkeit
fur energietechnische und industrielle Anwendungen

werden heute kommerziell hergestelit."

www.ivsupra.de

e (Ca. 10 Hersteller fur HTS Bandleiter weltweit

« >5 Hersteller mit Pilotproduktionen zwischen 100 — 500km/a
Kapazitat

« Weltweite Kapazitaten ausreichend flr Prototypen und Kleinserien

« Auslastung der Kapazitaten essentiell fir weitere Aufskalierung und
Kostenreduktion

45
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chemistry meets energy

Vielen Dank fur Ihre Aufmerksamkeit

Dr. Michael Backer

% Federal Ministry  Die Landesregierung
of Economics Mordrhein-Westfalen
and Technology

' Projekttréiger Julich

Forschungszentrum Jiilich


http://www.bmwi.de/English/Navigation/root.html
http://www.bmwi.de/English/Navigation/root.html

