2212 WIRES TO BOOST
THEIR. APPLICATIONS IN
HIGH MAGNETIC FHELDS

Andrea Malagoli
CNR-SPIN
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Trensasco

G Begato

R CNR-SPIN INg ITUT

Aggio
Nocet (

£ Columbus

B SAN DORO &
9 Spin-L’Aquila
Premanico
Acquario di Genova
Piazza De Ferrari Carupola
Q GenoVa SAN MARTINO
Spi:l-Napuli Q [ ss1 |
Spin-Saleru S
EQ
SPIN research activity is organized into six “Activities” : 551
Novel superconducting and functional materials for energy and environment_ '
(P.I.: Andrea Malagoli) \ .
Superconducting and correlated low dimensional materials and devices for quantum electronics and spintronic * - ,‘*
(P.I': Procolo Lucignano)
Innovative materials with strong interplay of spin orbital charge and topological degrees of freedom «
(P.I': Mario Cuoco)
Light-matter interaction and non-equilibrium dynamics in advanced materials and devices
P.l : Roberto Cristiano)
Advanced materials and techniques for organic electronics, biomedical and sensing applications °©
(P.l': Annamaria Massone)
Electronic and thermal transport from the nanoscale to the macroscale .
(P.1: Giovanni Cantele) -
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Our lab has the unique capability to combine wires
development and long length production

First in the world
1.6 km long batch of MgB, tape
18 batches realized
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=~ BI-2212 WIRES@IATU

KEY POSITIVES CRITICAL POINTS TO FACE Y
* A flexible conductor technology * Mechanical properties: low E and low Yield Strength
* Round, rectangular, square..... * Bubbles and internal pressure formation in long
* Fine filaments length (>1m) wires due to Carbon impurity (evolving
e Twisted in CO,) and porosity

* Multiple architecture

e Excellent conductivity matrix without any need
for diffusion barrier

* If reacted under OP (50-100 bar) the
properties are well above the applications
requirements: J; =800 A/mm? @16T

for Nb-based and MgB, superconductors needed, more complex
* 890C, not670C

e 50/100 bar overpressure, not 1 bar

* The fabrication route is the same industrialized * Wind and react technique like Nb,Sn but, if OP ‘

* Costs
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AR OP HEAT TREATMENT @ )

Courtesy by D. Larbalestier

<

1,200 7

—_ : 2212: 7000 -
x 1,100 50 bar OP : —O—pmm151103 (1.0mm,121x18, Nexans-87)
< ; —A—pmm160719 (1.2mm, 85x18, MM-237)
«~ 1,000 —m—pmm160913 (0.8mm, 55x18, nGimat LXB43)
E s00£112 6000 —A— pmm100610 (0.8mm, 37x18, Nexans-77)
3 TI10O |

|l o
> sooflE YBCO: 7.5% Zr g ]
G 1 Bl Tape Plane £ 50004 ]
c L
& 700f|¢2 I '
a . g ...'. -
E _E — ...'.. < 1
g 600% - < 2000 i
S 500 2223 "X": BL =+
S : Tape Plane =° ] Nexans Lot 77
s 400+ '%/ 3000
G : 3
5 : ]
g 300 "!%520. ) 1 1
S : i ] ]
2200‘: ) . 2000 ———————7——F——T T T T T T
2 : \H'gh'-’c 4 5 6 7 8 9 10 11 12 13 14 15
S 100+ Nb;Sn :

: = Applied field (T)

0+ e E—

0 25 30 35

Applied Magnetic Field (T) 4
successfully replaced the classical

OP-furnace: p ties h onificantly i 4 powder producer Nexans with tw

roperties have significantly improve . :
. 6 zone, active vol. 13 cm x40 cm P 8 yimp new suppliers, nGimat and
! MetaMateria O
\§ J.liang 4M01-03 |

X

/A;;.h-‘ P

. L
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- BI-2212 WIRESGTATU

KEY POSITIVES CRITICAL POINTS TO FACE b
* A flexible conductor technology * Mechanical properties: low E and low Yield Strength
* Round, rectangular, square..... « Bubbles and internal pres
* Fine filaments length (21 i
e Twisted in CO,)

* Multiple architecture

e Excellent conductivity matrix without any need

=30% i
for diffusion barrier 30% in the

wire
* If reacted under OP (50-100 bar) the =20 ppm in the powders
properties are well above the applications
requirements: J; =800 A/mm? @16T
* The fabrication route is the same industiralized * Wind and react technique like Nb,Sn but, if OP
for Nb-based and MgB, superconductors needed, more complex N
* 890C, not670C \
e 50/100 bar overpressure, not 1 bar %

* Costs
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y ON GOING F&OJEC

CERN/CNR-SPIN COLLABORATION

y

ADDENDUM FCC-GOV-CC-008¢/EDMS 1750320/KE 3507 OF THE MEMOR ANDUM OF
UNDERSTANDING FOR THE FCC STUDY

The scope of this collaboration is to advance the performance of three superconducting materials (Bi-2212, MgB,, IBS),
using industrially scalable productive methods, to make them suitable for high-field magnet applications.
* MgB,: increa Hrg-fi ' g ' throdk;
1-2212: reproduce the performance today obtained by high pressure heat treatment with a mechanD
mation process;
e |BS: develop prototype TBS tomductors—
simpler and scalable techniques that would permit i

uirements through reliable,
strialisation.

The goals:

Optimisation of the architecture and deformation process of Bi-2212 multifilamentary wire samples for high
density

The target J; is 400-600 A/mm? at 16 T and 4.2 K measured on optimised samples, both as short lengths and on a
suitable VAMAS sample holder. \ i
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R ON GOING PEOJEC

ENABLING RESEARCH 2017 — EUROFUSION  «ALTERNATIVE HTS WIRES»

Y

PARTNERS: TUW (AUSTRIA) -~ CNR-SPIN (ITALY) — ENEA (ITALY)

The aim of the project is to break the ground for the development of a round, multifilamentary, and inexpensive
high-performance HTS wire for fusion magnets. We split this general aim into two main objectives:

ptimization of the thermo-mechanical pre-treatment of the Bi-2212 wires to obtain the performance require
fusion magnets without the need of a high-pressure treatment during the formation of the superconducting phase.
ire is aimed to be an alternative to existing HTS and LTS wires for fusion magnets.

2) Development of suitable precursors for the Tl-1223 wire
result in textured-growth without the need of heating abov
of textured-growth at interfaces is planned.

duction. Nano-crystalline or amorphous powders which
e melting temperature are in the focus. Demonstration

The goals :

Optimization of the pre-reaction mechanical treatment, wire architecture and heat treatment to avoid bubble
formation and to ensure a high degree of texture.

Optimal process parameters and wires protoype with Je = 500 A/mm? at high fields

20 SEPTEMBER 2017 EUCAS 2017, GENEVA ANDREA MALAGCLI



Z "r
Ef/ EUCAS 2017
w

GROOVE-ROLLING /7 DRAWING ALTERNATION

A. Malagoli et al Supercond. Sci. Technol., 26 (2013) 045004 ‘
i

A. Malagoli et al Supercond. Sci. Technol., 27 (2014) 055022
A. Leveratto et al Supercond. Sci. Technol., 29 (2016) 045005
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2R SQUAR E4VIRE"

EUCAS 2017
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ool WHAT ACTUALL @IAPﬁ!

Drawn - green wire 5 llm |_| GDG - green wire
We actually observed '
what we
hypothesized:  after \
flowing in the

longitudinal direction
the voids (visible in
the left figure) were
filled thanks to a
compression in the
transversal direction
due to the groove-
rolling.

Not a 100% dense wire but the residual porosity is low enough to
avoid agglomeration

\ No bubbles, no internal pressure
i, Ty '_\_ : 20 SEPTEMBER 2017 7 EUCAS 2017, GENEVA ANDREA MALAGOLI
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SPIN

450 7 T T T T T T T T ! I ' L ' !

—@— short sample (12 cm) ]
350 \ —@— long sample (central portion) -
"

-
o
o
[A/

central portion

150 - 300

Al

No Ic degradation!!!!

5

100 T T T T T T T T T T T T T T T 200

Same results at the ends of the wire
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18885- — T T T T T T 333 filaments Y
800 .
7004 o
s \ N
; o
—. 600 - o
E ] o o 1,000
E s00- o 000 OST—-NHMFL &
= \Q Q00 - f.f.=28% B
L] E \ L ‘ - - o A
400 - 800 - -
] A ‘J " A
] JOO R ’
: al Y
300 ; 600 1 ! SPIN, f.f.=24%
500 HEl <7
.
400 H
300| .‘
©#
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100 & ?’? A
595 filame [ ",‘7 &)\
|:|. | 1 1 1 1 1 | 1 | 1 | \?‘ (
0 20 40 &0 80 100 _"-3‘3
{:.F. = 16%-18% Total pressure (bar) :
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. AR TOWARD THE Q@ IMIZ

PARTIAL-MELT PROCESS Y
Melt region — Why Optimized by OST
does J, vary with 2212 formation
Tnax? region How to form

Annealing step —
Needed to increase

888°C—>0.2h/ J., but do not know
what occurs.

830°C A"C/ h \
836°C— 48h

160°C/h 80°C/h

Cooling to RT —

Overdope 2212 with /
oxygen to increase
pinning and J..

more, better
connected 22127

20 SEPTEMBER 2017 EUCAS 2017, GENEVA ANbREA MALAGOLI



SPIN -

AR GB-ANALYSIS THROUGH 1-(d& MEA

|. Pallecchi et al Supercond. Sci. Technol. Supercond. Sci. Technol. 30, (2017) 095005
836°C for 48h Temperature [K]
B0°Chh 0 10 20 30 40 50 60 70 80 90 100

O, atmosphere

836°C for 48h

80°C/h

W_Qbp |

atmoa;iyrahere g W_air'
) Z . , 0
5 , /?/W% Obtained samples with £ |
= |6 . . =
© £ 0 different Oxygen overdoping €
o) 830°C for 2n i /// |
= M Do,
@ i}
|_

7

O, atmosphere 7
4
LLL L0007 27 10 r

836°C for 48h
80°C/h 0.8+

400°C for 30h
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T:U 0.6¢
= 0.4}

-
0.2' / LR

0.0( | S ol
. 0.05 0.10 0.15  0.20 0.25 ]

timeé  plegse see A. Leveratto 3MP4-04 holes per Cu N\ ATAN
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AR I (T.B) MEASUR EMENT sﬂg

A. Leveratto et al IEEE Trans. Appl. Supercond. 27(2016), 6400303

ITEM | QTY  DESCRIPTION ‘il 4 |

1 | 1 COPPERPART1 7 £ —
FIBERGLASS :
COPPERPART2 | .°
COPPER PART 3
2 BAKELITE Y &

2 coppERROD (/)

4
1 COPPER BRAID

heaters’
position N

\ /
\ \\\ v /
\\ Y

I |
w003

NV s W N
N = = N

* The thermometer is in thermal contact with the sample

e Both current contacts are kept at low temperature (direct thermal link with the Helium bath) ‘,
* Very high homogeneity of the temperature even with high current flow \\V R

X
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GB-ANALYSIS THROUGH 1-(é& ME/QJ

PROXIMITY EFFECT
A0

i Normal metal
o0
" W_air. ® 1

Superconductor
'*'*\‘“‘0\0 — “—/éNO d
"0 20 30 a0 dy S
- Ry dy _ Psés Ay
X VB = Im =
& PNSN PrnEN
QU
|—)U
1

nl/3
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aals0 GB-ANALYSIS THROUGH 1-(d& MEA?

J 13 (T=4K)

c ¢C

Y
T _._ W_02 T T T T T T T T T _I._ WI_O.2 T
1.0 - xvv:gr 1 1.0 - w:gr
-v- wzgzp _ —v—W_Qbp
0.8} NN \\OK o 038
\' 2 ﬁ-
A\ ) b
0.6 3 ° 0.6
\ ¢ 1"
A 5
0.4+ N 5 S 0.4
_ 8
0.2 d.N/aN_. 12 1.0 . 0.2 . . .
0.0 0.2 0.4 0.0 0.6 0.9
T c T

We succesfully applied a model based on the proximity effects and weak link: such a model can be
used as well for all superconductors whose weak links are an obstacle to supercurrent (e.g.
cuprates, iron pnictides and chalcogenides)

Among the results what is surprising is that the “quality” of the GBs in Air-sample is very similar to
that of O,-sample: 21% of Oxygen is enough if the heat treatment is complete, but other factors
block the transport current. Secondary phases (Bi-2201)?
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N/
.‘ I\I'l'l.l.

IN-SITU XRD @ESR

Kapton window

Bi-2212 wire

sample holder

Experimental set-up employed \ |\ .nq ouT
during the collection of the Oxygen flow
XRPD data at the ID11

beamline of ESRF @ Grenoble.
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PHASE EVOLUTION & EfgCTS

Temperature [°C]

time [h]
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PHASE

Bi-2201 evolution
0
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200 4oo eoo 800 200
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EVOLUTION & EfgfCTS
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A. Martinelli et al in preparation
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AR FINAL REQ@\RKE

* Itis reasonable to thipf about i-2212 applications without necessarily using OP '

* It might be howeey i rocess at Iov@%ﬁ%ssure (bglow 10 bar) to GDG wires \
(o]
* Large room for J&inpoo 8{p1 j re optimization, but from our analysis it comes out that

£
there could be sl r&® | of 400-600 A/mm? at high field
<

YBCO: 7.5% Zr

] i 2 f2/800
(16-20 T) is not s& fal0 Z“ B Tape Plane

700
600

500

400
300

200

100
L ;
!

N Applied Magnetic Field (T)
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o FINAL REMARKS

PRICE/PERFORMANCE WITH AG AT $5-30/0Z 7

It is reasonable to think about Bi-2212 applications without necessarily using OP

* It might be howeve¥shteresting to apply Q'%C'Rf'ggaéasé at low press{re (belew 10 bar) to GDG wires

e Large room for J,e\impro:vement fram a@chl%%i?@%ptimizatio AUt Ao %%‘P/éﬁ:alysis it comes out that

ound

w200 Nh.Sn (RRP) .. 7 ¥ 1 . .
there could be sgll room even fo heat}re,\albﬁpnént s Mization. The goal of 409-600 A/mm? at high field
. pr i P P <
(16-20 T) is not 5p far! | o2 <
® 150 o - :
« GDG is already &® industrial grogéis and thus reliable-8nd parti¢ularly cheap
* Costs are d@paondidg onAg o / A -
S | - O < A i
e [ /&f y _
8 50 4 - ; S o—6—9% ]
o ' e o—0—0—0—F Ag at S5/0z
566
0 oI T i ‘fl- vV 777' .
0 5 10 15 20 25 30

Applied Field (T)
Calculations by Strauss and Marken (S4E Paestum May 2014)
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FINAL REMARKS

It is reasonable to think about Bi-2212 applications without necessarily using OP

y
It might be however interesting to apply OP process at low pressure (below 10 bar) to GDG wires
Large room for Je improvement from architecture optimization, but from our analysis it comes out that

there could be still room even for heat treatment optimization. The goal of 400-600 A/mm? at high field
(16-20 T) is not so far!

GDG is already an industrial process and thus reliable and particularly cheap
e Costs are depending on Ag

Mechanical properties are very challenging. Something is going on but a lot has to be done

A. Otto 3LO2-05
Soon we will start with the realization of long lenght (100-200 m) wires for winding
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