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Pa3spa6otka Nb,Sn cBepXnpoBOAHMKOB &
ansa npoektoB HL - LHC n FCC

_ SEPC HL-LHC FCC UT3P DTT
_ 0182 0'7 1'0 0'82 0'82
2400 > 2450 > 1500 > 720 >1200
(12Tn) (12 Tn) (16 Tn) (12 Tn) (127Tn)

1.  «Targets for R&D on Nb3Sn Conductor for High Energy Physics» A. Ballarino, L.
Bottura, IEEE Transactions on Applied Superconductivity, vol. 25, no. 3, 2015

2. «The CERN FCC Conductor Development Programme: A Worldwide Effort for the
Future Generation of High Field Magnets», S. C. Hopkins, B. Bordini, A. Baskys, et
al, Workshop on Advanced Superconducting Materials and Magnets, KEK,
Tsukuba, Japan, 2019




Nb,;Sh cBepxnpoBoAHUK ANS 4
npoekta HL-LHC
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1. (A)

Applied magnetic field (T)

Parameter Piece length 1  Piece length 2
Round 228 271
Rolled (15 % reduction) 220 227
Extracted from cable 181

Mo oueHkam cneuuanuctos LIEPH poccuickuin NbySn
cBepxnpoeoaHUK AnA npoekTta HL — LHC xapakTepusyeTca
HE3HaUUTeNbHO W Aerpagaumert ToKoHecyLen cnocobHocTu
B 2017 roay e LUEPH noctaeneHo 12 Km ¥ napameTpa RRR npu KabenuposaHuu

S.C Hopkins et al Design, Performance and Cabing Analysis of Nb35n Wires for the FCC Study, Jounal of Physics:
Conference Senes, 2020
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Pa3paboTtka Nb,Sn 5
cBepxnpoBOAHUKOB AnA npoekta FCC

54 cybanemeHTa 84 cybanemeHTa 120 cybanemeHTOB
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OTpaboTKa TeXHONOrMn U3roToBrIEHUA
ctpeHaoB Ha AO YM3

3




U3rotoBneHune naptum 50 Km

MapameTp MU3mepeHHble XapaKTepUCTUKu

J.(4,2K,12T) A/mm? 2890-3080
dddekTnBHbIN anameTp (D g), 71-79
Hm

RRR 110-173
Cu/ nonCu 1,0+0,1

N3rotoBneHo scero 6osee 100km Nb,;Sn ctpeHaos,
50 Km oTtnpasneHo B8 LLIEPH.

PacnpeaeneHue Kyckos no gnanHam (50 km)
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AnekTpodumnsnyeckue
XapaKTepuCcTUKN CBepXnpoBOOAHUKOB
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700°C,40u 253 7 -71 um
720°C, 40 g 25,5 7
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FUTURE
CIRCULA

COLLIDER
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increase:
« J. (16T, 4.2K) > 1500 A/mm? ->50% increase
wrt HL-LHC wire

* Reduction of coil & magnet cross-section

After 1-2 years development, prototype Nb,Sn
wires from several new industrial FCC partners
already achieve HL-LHC J. performance

4000 JASTEC 0.7 mm
N — — HL-LHC 0.85 mm RRP
3500 S o = + =HL-LHC0.85 mm PIT
~ & KAT0.7mm
~
. 3000 ~ "*6 @ Bochvar/TVEL 1.0 mm
I =l =~ ©@ Bochvar/TVEL0.7 mm
E 2500 e T~ 2017: JASTEC 0.8 mm
., -
< 2000 =y ~FCC Target
— - L - - -
= 1500 S
‘-‘- N
1000
500
11 12 13 14 15 16

Field (T)

Main development goal is wire performance :

ST L

R R \
. :r: 1 . ~1.7 times

less SC

A A 4

~10% margin HL-LHC ~10% margin FCC ultimate

FCC conductor development

collaboration:

+ Bochvar Institute (production at TVEL), Russia
* Bruker, Germany, Luvata Pori, Finland

+ KEK (Jastec and Furukawa), Japan

* KAT, Korea, Columbus, Italy

University of Geneva, Switzerland

* Technical University of Vienna, Austria

* SPIN, Italy, University of Freiberg, Germany

-

2019/20 results from US, meeting FCC J_specs:

* Florida State University: high-J_Nb,Sn via Hf addition

* Hyper Tech /Ohio SU/FNAL: high-J_ NbsSn via artificial
pinning centres based on Zr oxide.
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European HFM plans related to magnet technology

Development of robust and
cost-efficient processes

LHC 3§

» Plans are being fleshed out, but will Zikely focus on: 100000

0 Demonstrate Nb;Sn magnet technology for large
scale deployment. pushing it to its practical limuts, 10000
both in terms of maximum performance as well as
production scale

» Demonstrate Nb;Sn full potential in terms of ultimate
performance (target 16 T)

» Develop Nb;Sn magnet technology for collider-scale
production. through robust design, industrial
manufacturing processes and cost reduction
(benchmark 12 T)

0 Demonstrate suitability of HTS for accelerator '
magnet applications, providing a proof-of-principle 1 Fresca2 \ weblitimate Nb;Sn
of HTS magnet technology beyond the reach of MbPCT \\“—"(7 HTS
Nb3Sn (target in excess of 20 T) 0.1

0 Implemented as a focused, innovative, mission-style 5 10 15 20 25
R&D of collaborative nature Bore field (T)

Robust Nb;Sn
1000

100 HL-LHC QXF %3

Logical step for a next
HL-LHC 11T+

phase (2027-2034)
10

Total magnet length (m)

J.8. DERARTMENT OF

@) ENERGY

Office of
Science Global plans for high-field magnets - Soren Prestemon - FCC Week June 28, 2021

f'\| '| BERKELEY LAB
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Manet technology is driving the cost and reach of a future collider

Accelerator cost distribution

Existing colliders
SSC total ofsr | .
o ‘ CERN cost estimates™:
Main

Collider concepts ‘e
(or cancelled) $SC cost / Facste
Accelerutor (| $magners/ $rot
Con - ﬂl] o 5 5% "
£ s ; e ) LHC: 57%

HE-LHC:
- 70% (26TeV; Nb3Sn)
- 77% (33TeV; HTS)
Lowering dipole cost is A *L. Rossi, “TOE” talk
the key to cost control U owasas
2nd order reductions: 82% /
Eliminate HEB, N ’
Main Quads.

Barletta

From conductor to magnets

©O0,

St et 5T 1imk

Conduetor — Cable [—= Magnetic design [—>> Stucture design ) i
3

\ Cost/performance is the critical metric \ e ke
\

J

Dominant cost drivers for a pp collider: Magnets and tunnel

P

S 1.8 DEPARTMENT OF Office of
Global plans for high-field magnets - Soren Prestemon - FCC Week June 28, 2021

# ENERGY Science
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US MDP roadmaps

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
s M s J M S J M S J MS J M S J MS J MS J M S J |

J M M s J
HEP Strategy Alignment
Progress on 2020 Updated MDP Roadmaps

‘ Snowmass . P5 . 2024 Updated MDP roadmaps

Explore broader HEF needs Pursue HEP priorities; possible broadened contributions (Muen collider, Axions, etc.)
Nb35n & HTS Magnets

Stress-managed Nb3Sn - effect on training & degradation Explore field & aperture limits of stress-managed magnets

HTS coil design & technologies developments Demonstration of 20+T HTS/LTS & performance optimization

Cost-effective approaches: designs and techniques

Continue alignment with
physics community needs

Focus on “stress-
management” as well as
hybrid HTS/LTS magnet
technology

Technology & Conductor Development

Continue to invest in the Dev. of materials, components, diagnostics, protection Continued developments in diagnostics; integrated systems

“science of magnets” and
Development & study of high-performance Nb35Sn Scale-up and cost reduction of high-performance Nb3Sn
in mproved conductors
HTS wires/tapes development & understanding; cable developments QC / mech. strength / cost reduction of HTS conductors

Global plans for high-field magnets - Soren Prestemon - FCC Week June 28, 2021
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European HFM plans related to superconductors

* Nb;Sn Conductor

o Secure state-of-the-art wire and cable for the magnet program at affordable cost (including extensive
characterization measurements)

o Pursue the FCC Conductor Development Program towards ultimate performance (new wire layouts
and compositions, enhanced mechanical properties and reinforcements, magnetization and stability, means
towards cost reduction for large scale production)

* HTS Conductor
o Focus is on REBCO (exploit complementarity with US-MDP for Bi-2212)
o Match conductor (tape and cable) specifications to accelerator magnet needs, and revisit present
wisdom (EuCARD -> EuCARD?2 -> ARIES-> [-FAST -> ...)
o Procure and develop tailored conductor and cable concepts for the magnet program
* Measurements

o Coordinate wire, tape and cable characterization, including material studies and advanced analytical
techniques

IS¢ ichiigh Field Magnets f"}l i
BERKELEY LAB
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Sussie Speller “ Developments in superconductings Materials”
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BbICOKOMOJIbHOro ObLICTPOLMKIUPYOLLEro

marimta SPS, LEPH

XapakTepucTHKAa NPoOBoIa 3HaAYeHHe
JnameTp, Mm 0,70+0,90
JlmameTp BOJIOKHA, MKM ~ 3,550
OrtHouienue Meas/ HE MENH 1,35+ 0,1
Me>XBOJIOKOHHAsI MaTpHIla METHO-PE3UCTUBHAS
ITlar ckpyTku, Mm 610
I'ncrepesncHble norepH, MI[)K/CM3 =30
I A/MMz (7 Ta; T=1,9 K) > 1500

¢ (5 Tn; T=4.2 K) -
RRR > 100

Bt

] ObecneyeHue BbICOKUX TOKOBbIX
XapaKTepUCTUK B MarHUTHom none 7 Tn

0 [JocTuxeHne Kak MOXHO MEeHbluero
YPOBHS1 NOTEpPb

Peucm: 4 .ﬂ/dB.j .d
3-r dt Ik

I'ncrepe3ncHbIe MOTEPH MPONMOPIMOHATbHBI
KO3 PHUIUEHTY 3alI0JTHEHUS 110
CBEPXIPOBOIHUKY (A), CKOPOCTH H3MEHEHHUSI
MarHutHoro noJs (dB/dt), kpuruueckoii
IUIOTHOCTH TOKAa(j,) U AnaMeTpy BoJokoH (d)
B CTpeH/Ie.

e | (2]

KooneparuBHbIe MOTEPH MPONOPHHOHAIbHBI
KBaJAPaTy CKOPOCTH H3MEHEHHsI MATHUTHOTO
noJsi(dB/dt)?, kpaapary mara ckpyrku (L)% u
00paTHO MPONOPIHOHAILHBI YIEILHOMY
CONPOTHBJICHUIO MATPHIBI B IOMEPEYHOM 4
cedeHHH cTpeHja (p,)




NbTI

npoBoAa AONA MOAENbHOro
BbICOKOMOJIbHOIro ObLICTPOLMKINPYOLEro

marHumta SPS, LUEPH
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PacueTHblii AMaMeETP BOJIOKHA, MKM

CONDUCTOR, CABLE, COIL

One can expect much less power losses in the coil
and better heat transfer from the winding. The
parameters above mentioned are resulted from
reduced NbTi amount (higher I, @1.9 K). adequate
filament size and twist pitch; optimal number of coil
turns (Ip ~13 kA); separation of the yoke onto 1.9 K
(smaller part) and the rest one at 30 K. minimization
of the cable loss and optimization of the coil shape.
The conductor parameters for start option were fixed
practically to the following: NbTi filament diameter -
3.2 uk. filament twist pitch — 8 mm. wire diameter —
081 mm CuononCu — 138 The conductor was
manufactured by the Bochvar Institute (Moscow). The
wire critical current measured by the manufacturer at
6T 42K was about 400 A. The measurements at 1.9
K over the field range from 6 to 10 Tand at 6 T. 4.2 K
(reference point) were performed at CERN. The data
are shown in Fig. 2.

le, A
00! + 432K, CERN

lo 193K, CERN|

00
i T \ca L
N

S00)

* 42K, Bochvar

Bl

10

I 234 5678097

Figure 2. Critical current data measured at CERN and
by the wire manufacturer (October-November 2018).
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OwameTtp npoBopa 0,8 mm

OuameTp BONOKHa 3 MKM

BHUWHM
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KonuyectBO BONMOKOH 29495 wrT.

Cu/nonCu - 1,50 (K3 - 0,40)
Jc (7 Tn; 1,9 K) = 2800 A/Imm?



YHuKanbHbIN NDTI
netektopa CBM yckoputena FAIR

Mapametp

MepBoHa4YanbHble
TpeboBaHua:
ctpeHa CMS + wuHa us Cu

npoBopa Ans

YTouyHeHHble TpeboBaHuA
nposog AO «BHUMHM»

[Ou3aiiH KaTywwKm OAHOCEKLMUOHHaA ABYXCEKLUOHHasA
BbicoTta, mm 2,02 2,02
WunpuHa, mm 3,25 3,25
DOunameTp BCTaBKK, MM (1,2810,005) -
OtHoweHue Cu/NbTi (BcraBka) (1,120,1) -
OtHowenue Cu/NbTi (nposop) (9,110,5) 7,44,
OunameTtp BONOKHA, MKM <40 <40
Lar ckpyTkHu, mm <45 <45
MNOTHOCTb KPUTUYECKOTO

3000 3000
ToKa (4,2 K; 5 Tn), A/mm?
Kputnueckuii Tok (4,2 K; 5 Tn),
A 21754 22270
RRR >100 > 180
ONunHa KycKa, Km 8,75 5,0
KonunuyecTso KycKos, wWT. 2 4

O

BHUWHM
POCATOM
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TOMOIPA®UYECKUE MPOBOJA, &
PA3PABOTAHHBLIE AO «BHUMHM»

HAuamemp npoeoda 1,345 mm 42 gosokHa: Ic > 820 A (5Tn) S<5%

Konuyecmeo eosiokoH 42 (28) 28 80s510KOH: ICc > 650 A (4Tn) S<5%

Cu/non Cu 3,8 (6,0) (MOHOTUMHBIU 8apuaHm —
«3KCMpy3usi»)

HAuamemp npoeoda 1,345 mm 42 gosiokHa: Ic = 880 A (4Tn) S<3%

Konuyecmeo eosiokoH 42 (28) 28 eonokoH: Ic = 700 A (5Tn) S<3%

Cu/non Cu 3,8 (6,0) (MOHOMIUMHBIU 8apuaHm — cnocob

«X0s100HOU c60pPKU»)

Pa3mep npoeoda 1,35x2,25 mm 54 eonokHa: Ic = 1070A (5Tn) S<3%

lNpueedeHHbIlt Quamemp 1,9 Mm (MOHONIUMHBIU 8apuaHm — crocob

Konuyecmeo eonokoH 54 «X0J100HOU c60pPKU»)

Cu/non Cu 7,5 54 eonokHa: Ic > 900 A (5Tn); S<5%
(MOHONTUMHBIU 8apuaHmM — «3Kkcmpy3us”)

ooy Pa3smep npoeoda 1,5x2,25 mm 54 eonokHa: Ic >1400 A (4Tn) S<3%

: lMpueedeHHbIli Quamemp 2,1 MM 42 eonokHa: Ic >1000 A (4Tn) S<3%
R Konuyecmeo eosiokoH 54 (42) (MOHONIUMHBIU 8apuaHm — crnoco6
Cu/non Cu 7,0 (12,0) «X0J100HOU C60pPKU»)

CtoumocTtb: 60-70 USD /kr
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O6nactn npumeHeHna BTCI1-2 neHT @ o

4,2 K, BbICOKME MarHUTHble Nons
*  YcKopurtenu
*  TOoKamaku
* WccnegoBaTesibCKMe KPUOMArHuTbI
* UT.A.

M3onayua

Meap

Cepebpo

BTCN

BydepHbie chom \

MeTannu4yeckans nexTa —/

77 K, cobcT. mar. none
AneKTpoKabenu

* HakonuTtenu sHeprum

* BeTporeHepaTopbl

* UT.A.

WupuHa O .. 12 mm
OnnHa 0 ... 500 m
Tonwmea 20 ... 200 MEm

19
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OCHOBHbIe KOMMNAaHUU 6

Matepuan TexHonorus 6yd. crnoes TexHonorusa BTCI
JNeHTbI- crnos

NoAJTIOXKHAN

Superpower (CLUA) Hastelloy C276  Al,O;-Y,05;-MgO (IBAD)-MgO-CeO, MOCVD
Fujikura (AnoHus) Hastelloy C276  Al,O;-Y,05-MgO (IBAD)-MgO-CeO, PLD

Sunam (Kopes) Hastelloy C276  Al,O;-Y,05;-MgO (IBAD)-MgO-CeO, RCE (e-beam) + DR
Cynepokc (Poccus) Hastelloy C276  Al,O5-Y,05;-MgO (IBAD)-MgO-LaMnO, PLD

Theva (Ff'epmaHus) Hastelloy C276 MgO (ISD (inclined surface e-beam

deposition))-MgO

Bruker (TepmaHuisi) AISI 310S YSZ (ABAD)-CeO, PLD

20



KpaTtkoe onucaHue ABAD, IBAD nt.4

TexHonorum 6ydgepHbIX crnoes

IBAD - MgO

[Sputtering
lon-Source

Assisting
lon-Source )

\Target
1 lNMNonupoBaHHaA NO4/10XKKa, LepOX0BaATOCTb
nosepxHoctn ~0,5 -1 Hm

2-3 NnaHapusupyowme cnom Al,O; n Y,0,
(peaKTMBHOE MAarHETPOHHOE HaMnbleHWE)

4 IBAD - MgO tonwmHoii 7 — 10 Hm (6bIcTpOo)
Pexxum Ha npoxop,

5 MgO anuTaKcnanbHbIN — TEPMUYECKOE UCMApPEHUNE
6-7 LaMnO; n/unn CeO, — PLD unu Tepmmyeckoe
nucnapeHue

MonHasn
ApPXUTEKTYpa
cnoes BTCI1-2

EHMAHM
FOCATOM

ABAD - YSZ

1 NMNonnposaHHaA NOA/I0XKKa,
LLEePOXOBATOCTb MOBEPXHOCTU ~2 HM

2 IBAD - YSZ tonwmHoi 2 mkm (OKono
1000 npoxoaoB)

HaMOTKa Ha BpaLjatowmiica 6apabaH
3 CeO, — PLD nnun Tepmunyeckoe
ncnapeHue

21



Cxema npouecca U3roToBrieHus BbiIcokoTeMnepaTypHbIX

cBepxXxnpoBoaAHUKOB BTOPOIro noKosmneHus

POCATOM
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TeKCTypupoBaHHbIE JIEHTDI -

NnoANOXKUA

TekCcTypupOBaHHbIe NOAMOXKM Ha OCHOBEe
cnnasoB Ni-W:

-Ni-5-6at.% W (craHgapTtHas noanoxka)

-Ni -7 -7.5 at.% W (low magnetic susceptibility)

- Ni =9 at.%W (napamarHuTHas NOANOXKa)

- KomnoautHasa 3-cnonHas nognoxka — Ni—-6 atW +
Hepx.ct. (ObbvemHoe oTHoweHue Ni-W/SS = 2:3)

CBOMCTBA TEKCTYPUPOBAHHbLIX NOANOXEK:
- Wwuvpwuna 10 unu 12 mm, Tonwmuua 0,06 - 0,1 MM
- OnuHa go 200 m |
- Nons kyBuyeckoi TekcTypbl opuenTauum {100}
— He meHee 97 % (99%) i
- LLlepoxoBaTtocTe noBepxHocTH — Ra < 10 Hm
- Saturation magnetization values at 77 K:

-
PR

-Ni-5-6% W -20 emu/g N '!'-%' A

-Ni—7-7.5% W —10 emu/g =% P

- Composite - 8 emul/g ' o

2 Ni . QO = AFM image of the Ni-W
Ni—=9% W -0 emu/g nomor::::d:;.r:;wm) {iode auntace 56 50 it ared).

Ra=7 nm
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Kepamunyeckue n metannuyeckume @
MULLEHU

XuMuyeckum cocrtaB cnnaea Zr-Y: — 15 at.%Y
MuweHun MoryT ObITb NNAacTUHYaTbIe U TpybuaThle

[MnactuHyaTtas muwerb n3 cnnasa 410x100x8 mm.

Tpybuatbie muweHn gnuHon 400 n 500
CHu3y npunasiHa MegHasi nnacTuHa

MM, BHELLHMI gnameTp 50 MM, TonwuHa
cnos Zr-Y 5 Mmm

YaoenbHas nnotHocTs: 95-90 % oT TeopeTnyeckon

24

Komnnektbl muweren Y-123 u CeO, YSZ muwenn Y,0; MuweHu



EHMAHM

KepamMmuyeckne muLueHun

CocTaBHasa muweHb Y/Gd-123

A

.

MwuweHsb Y/Eu-123 .
MuuweHb Gd-123
+ 5%mac. BaHfO,

MOopPOLWKK-NPEKYPCOPbLI A/1A U3TOTOBNEHMA KEPAMMNYECKUX MULLIEHEN

25



OCHOBHbIe pe3ynbTaTbl 65,

POCATOM

300

-I-G!d/Y-123= 9 /I OI'ITVIMaJ'Ibele COCTaBbI
250  —@=Dy/Gd-123 / _— -ona 77 K
-o-Eu-123 / __——o Dy/Gd -123, Gd/Y -123
200 U / ..... —e(.-/
z ——Y-123 /'/—-*—' - ana 65 K- Dy/Gd-123,
s Vo Eu/Y-123
= 150
= / I | : K Cocmas Gd/Y yxe nonyyun
= 00 7. /l—k , WUPOKOE pacnpocmpaHeHue 8
= / ; | I \ Mupe.
< / / I I Dy/Gd - e numepamype ceedeHul
S50 i/ I pekopaHble em
S / I I
I I | nPpoOBOOHUKU
P T : YpoBeHb CBOWCTB A0
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«CTaHJapTHbIE Toammuua BTCII cios, HM
NPOBOAHUKU»

UN320moenieHbl u uccrniedoeaHbl ceolicmea npoeodHukoe Sm, Gd, Eu, Dy-123, a makxe
cMewaHHblIe cocmae R/Y-123 npu 77 K. Onmumu3ayusi cocmaea rno3seosiuna
noebicums ceolicmea npoeodHUKo8 bosiee YyeM 8 2 pa3a.

YcmaHoerneHo, ymo Hausny4dwul 3¢hghekm rnosiydaemcs rnpu cMeweHuUU pa3fiuvyHbIX
P393. Jlyqwul HalideHHbIlU cocmae dnsi 77 K- Dy/Gd-123.

3HaveHusi Ic = 280 A/ 4 MM He ycmynarom Jy4WumM MupoebiM obpasuyam.
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1000 o
—o—Gd-123 OnTnManbHbIN
900 = /= Gd-123+Hf coctaB gns 4,2 K
800 ~ —e—EuY-123 Y-123 HecTexmomeTp
= -\ —8—Y-1:1,8:3,0 (1 0-1 8'3 O)
e \-1-1,8-3 ABOITHOI Cy10i1 ’ ’ ’
UHTepec npeacraBnsaioT

COCTaBbl:

- Y-123 ¢ pasnnyHbiMun
cooTHoweHusamu Y:Ba:Cu
- Eu/Y-123

- No6aBku BaHfO; He
6onee 2 MmonbH.%

0 he K UcxoaHbin ypoBeHb 2018 r.

4 6 8 10 12
MarautHoe moJie, Ta

YOanocbk yeenu4yumb mOKOHeCyuwyro cnocobHocms rnpoeodHukoe npu 4,2 K e none 12 Tn
noymu e 2,5 pa3sa.




YT1o nonyyeHo Ha muweHax AO «BHUAHM» @

HocturHyTtbie KU cBomnctBa Ha mmweHax AO «BHUMHM» B pamkax EOTI-CIM-130

Ncnonb3osanuck noanoxkkm HUL, KN: Hepx ctanb/ YZS/ CeO2 wunpmnHo 4 mm

3HaveHua I npun 77 K (cobctBeHHoe marHuTHoe none) (coctas BTCIM (Gd+R)-123:
-«CTAHAAPTHbIN NPoBOAHUK» - > 200 A (TonwmHa BTCI 1,3 mKm)
- pekopaHbi npoBoaHUK - 280 A (TonwmHa BTCM 2,5 mMKm)

3HayeHua |_npwu 4,2 K none 12 Tn (HanpasneHne nona nepneHANKYAAPHO NAOCKOCTH
neHTbl) (coctaB BTCI Y-123 HeCcTEXMOMETPUYECKUN):

- CTaHAAPTHbIM NpoBOoAHUK 450 A (TonwmHa BTCI 1,3 MKMm)

- pekopa 520 A (tonwmHa BTCI 2,5 mkm)
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CocTtosiHue pa3paboTok B MUpe no

NMHUKTUOaM

New record J, 364A/mm? @ 4.2K, 10T

TB3N
POCATOM

O

Short sample 1.: 437 A with 4-mm width
and 0.3-mm thickness.
J,=364A/mm* @ 4.2K, 10T

s| oo __ 1P
-~ ol -w
‘s 42K
2
4 -
‘S'__ 10 H // Tape surface
~
"g'_ . —a— Water-cooled Magnet
E 10°F e 14 T Magnet
= —s— Hybrid Magnet
10°

8 12 16 20 24 28 32
Magnetic Field (T)

IEECAS
Yanwei Ma

fw
®

At30T,J, =400 A/mm?

Transport J, of 100-m-
class 7-filamentary Ba-
122 IBS tapes was
further improved to >
3X10*A/em?at 10 T &
4.2 K (three times the
value in 2016).

Y. Ma, D. Wang et al

Fabrication of IBS solenoid coil and test at 24T

Viewpoint by NHMFL
‘From a practical point of view, IBS are ideal
candidates for applications. Indeed, some of
them have quite a high critical current density,
even in strong magnetic fields, and a low
superconducting anisotropy.
Moreover, the cost of IBS wire can be four to
five times lower than that of Nb,Sn

—)

10
~ BaKFes . S (douter = 34.8 mm
“u 42K 100 S
L = - i 42K
- . . L = . .- .
E,. B // tape E e, ,
S S
e 3 10} B /Mtapes
E =— Bal22 short tape
~ —e— Ral22 single pancake coil
10—' L L L L L L ] 1 1 1 1 1 1
1 4 o 8 10 12 14 0 5 10 15 20 25
Magnetic field (T) Background Field (T)
CTOMMOCTb CBEPXMPOBOAHMKOB  Ha

OCHOBeE Xerne3ocoaepxaLmx
cCoeaNHEHN MOXET ObITh B 4-5 pa3s
HWxe, Yyem y Nb;Sn cBepxnpoBogHukoB
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Whole Wire Critical Current Density (A/mm?, 4.2 K)
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CocTosiHMe pa3paboToK B Mupe no

nHUKTMAam (IBS)
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T L z
- 4.2 K LHC insertion TWIAA
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- {Bourbclwl et al. 2006)
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CocTosiHMe pa3paboToK B Mupe no

Critical current density [Ncmz}
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CocTtosiHue pa3paboTok B Poccum {.’3

4 Cneunanuctel AO «BHUUHM» coBmectHo ¢ ®UAH um. M.H. JleGegeBa Bnepeble B Poccumn
N3roToBNEHbl CBEPXMPOBOAHUKOBLIE MPOBOAA W NIEHTbl HA OCHOBE MOAENbLHOrO XenesocodepKallero
cBepxnpoBogHMka FeSe ¢ noMoLLbl pasnnyHbiXx MoguduvKauun MeToda «MopoLwok B Tpybe» (aHrn.
«powder-in-tube», PIT). [llokazaHa BO3MOXHOCTb W3roTOBMEHUA AOSIMHHOMEPHbLIX MNPOBOAOB W3
CBEPXNPOBOAHNKOB Ha OCHOBE Xerea3a.

v CuHTEe3MpoBaHbl HOBbIE CBEPXMNPOBOASLLNE MaTepuarnbl C PEKOPAHO BbICOKMM KPUTUYECKUM MarHUTHbIM
nornem go 200 Tn.
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CBepxnpoBoAHMKU Ha ocHoBe MQB, ﬁ

2001r. oTkpBITHE
CBEPXIPOBOAMMOCTH

b | | | | __
L Te=39K )

Y Kpurnueckas remmneparypa 39-40 K

60

Xapakrepuctuku MgB,

BepxHee kpuTHUECKOE IMoJIe Il ab (0)=14+39 Tn
//c(0) = 224 tn

Hwxuee kputnaeckoe nosne ipu 0 K- 27+48mnTn

Resistivity (u€2 cm)

40+

201

" L s s
0 20 40 60 80 100
Te e (K)

[Tone o6parumocTu 6+35 Tn

[110THOCTH KPUTHUYECKOTO TOKA Jc (4,2K, 0Tm)> 107 A/cm?
Jc (4,2K, 4Tom) = 106 A/cm?
Jc (4,2K, 10Tn)> 10° A/cm?
Jc (25K, 0Tn)=5-105 A/cm?
Jc (25K, 2Ta)> 10° A/cm?

a =0,3086 am
b =0,3524 um

Review of superconducting properties of MgB, C. Buzea, T. Yamashita, 2001, Science&Technology
Superconductivity at 39 K in magnesium diboride, J. Nagamatsu, J. Akimitsu et al, March 2001, Nature
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[pumMmeHeHne cBepXNpPOBOAHUNKOB (.3
Ha ocHoBe M(QB,

MgB, Level Sensor (3)

i

400L LH, tank
MgB, wires with SiC

Cryostat

CuNi (7:3) 3 ) impurities
In situ method
MgB, 600°C X 1 h

Sample Additive Diameter [mm] Tcon[K] AT7¢[K]

D-2 None 0.65 354 1.6
E-4 10 % SiC 0.32 33.0 3.0
E-5 10 % SiC 0.32 315 T

Q Iwatani=== 29

MgB, Sensor and Scale in LH, (25 K)

MgB, sensor

Scale

LH, surface

O Iwatanicz=s 2y

Kazuma Maekawa et al. / Physics Procedia 67 (2015) 1164 — 1168
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MpyMMeHeHne cBepPXNPOBOAHMKOB ~
Ha ocHoBe M(gB, '-’

in liquid N,

DEMO 2 - Interobe‘rabilitv
of HVDC-VSC mullite'r(_ninal DEMO 3 - Uprating of
multivendor solutiohs  axisting HYDC multiterminal
A interconnectors

£l

HVD A HVDC C. .
— — . —
DEMO 1 -HVDC DEMO 4 - Innovative . -
offshore connectio \ repowering of existing 10 kA MgB, E ’
\ ACconidors 2 / conductor in He gas
\ - Cu
DEMO 5 - Mg, )M 2] Inner cryogenic Outer cryogenic
superconducting 250 - MgB, envelope envelope
lnks , HEE 20K/ 2088 Liquid Ny (70K /5 bar)
\—Y—,

4 wall cryogenic envelope

Xapakmepucmuku ucnoib3yemvlx ceepxnposoonuros ( npouszeoocmeo Columbus Superconductors)

MgB, wires

Diameter (mm)

Monel, Ni Monel, Ni, Nb Monel, Ni Monel, Ni, Nb

Materials
MgB, volume fraction 17 % 12 % 30% 12 %
I.(A) @ 20K &1T 500 300 > 650 > 650
I.(A) @4,2K&3T 280 400 >700 600
r. (mm) 125 100 200 150

MgB, round wires for the high power superconducting cable demonstrator in Best Paths project, EUCAS 2017, M. Tropeano
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Pe3oHaTOpPHbLIN HNOOUMN

CBepxnpoBoasiLLne pe3oHaTopbl HA OCHOBE BbICOKOYMCTOrO HUOOUS ABNAOTCS
OCHOBHbIMW 3nieMeHTamMn yckoputenen. Hanbonee kpynHble npoekTbl: FCC, CEPC,
ILC, ESS, MIRRHA n gp.

Ob6uwyto NOTPeOHOCTL B pE30HAaTOPHOM HNOBWUM TOMBbKO AN HECKOMNbKNUX HOBbLIX
kKpynHbix yckoputenen (CEPC, FCC, ILC) MoXHO oueHnTb Ha ypoBHe bornee 3500
TOHH (Tonbko ans ILC tpebyetca 20000 pe3oHaTopoB).

K HacTosLwemy MoMmeHTy U3 EBponenckoro LleHTpa AgepHbix iccnegosanumn
(LUEPH, r. >KeHeBa, Weenuyapus) n N'HY «Pn3nNKo-TEXHNYECKUN UHCTUTYT
HaunoHaneHon akagemun Hayk benapycm» (r. MuHck) B AO «BHUAHM»
NoCTYynUNn obpalleHnsa 0 BO3MOXXHOCTM NMOCTaBKM NUSTOTHbIX TECTOBbLIX MNapTUK
HMOOMEBBLIX NINCTOB AN PE30HATOPOB TOSILLMHOM OT 2 40 4 MM C BENUYNHOWN
napametpa RRR 200-300 v BbILwe.

OcBoOeHNE TEXHOMOMMN N3roTOBIEHNA HNOOUEBLIX NMUCTOB ANA CBEPXMPOBOASLLMX
pPe30HaToOpPOB ABNSETCA KpanHe akTyanbHOW 3agaden u BbiBognT ['K «Pocatom» Ha
HOBble PbIHKN B Ka4yeCTBe MOCTaBLLUMKa BbICOKOTEXHONOMMYHOM HayKOEMKOWN

NpoAyKLUUM.
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Pe30oHaTOpPHbLIN HNOOUMN !ﬁ

« B pamkax npoekta B 2019-2022 rT. no pexumam, paspabotaHHbim B AO
«BHNWNHM» B AO YUM3 6b1no BbinnasneHo 6onee 1 TOHHbI CIUTKOB
BbICOKOYMNCTOro HMobus.

* Ha cnutkax yganocb AOCTUYb CHUXKEHHOIO COAepKaHUs ra3oBbIX
npumecen (O, C, N, H) go 40 ppm, TBepgocTtn no 40-45 HB v napameTpa
RRR 6onee 400.
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Pe3oHaToOpHbLIU HUOOUMN 4]

* 3 CNUTKOB BbICOKOYNCTOrO HMOBMA NOMYyYEHbl JINCTbl HIOOUSA TONWMHON 2 MM
n pasmepamm 200x300 mm.

« Ha nucrtax BbICOKOYMCTOro HMobusa yganocb Ooctuyb napametpa RRR bonee
300, cdopmupoBaTb MOMHOCTLD PEKPUCTANIN30BaHHYKO CTPYKTYpy CO
CcpeoHMM pasmepomMm 3epHa MeHee 45 MKM, TBepaocTbio MeHee 60 HYV,
MeXaHW4YeCcKkMM XapaKTepucTtukam npu pactsxeHun og bonee 140 Mlla, o, , B
npenenax 65-100 Mla, 6 6onee 30 %
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