Wind-and-react Bi-2212 coil development for accelerator magnets

A. Godeke, P. Acosta, D, Cheng, D. R. Dietderich, M.G.T. Mentink, S.0. Prestemon,
G. L. Sabbi,
Lawrence Berkeley National Laboratory, 1 Cyclotron Road, Berkeley CA 94720

M. Meinesz, S. Hong, Y. Huang, H. Miao, and J. Parrell
Oxford Instrumenis, 6000 Milik Street, Carteret, NJ 07008

DISCLAIMER

This document was prepared as an account of work sponsorad by the United States Government, While this
document 15 believed 10 contain correet information, neither the United States Government nor any agency thereof, nor
The Regents of the University of Calilomia, nor any of their employees, makes any warranty, express of implied, or
assumes zny legal responsibility for the accurscy, completeness, or usefulness of any information, apparatus, product,
or process disclosed, or represents that its use would not infringe privately owned righis, Reference herein o any
specific commercial product, process. or service by its trade name. trademark, manifacturer, or otherwise, does not
necessirily constitule or imply its endorsement, recommendiation, or favoring by the United States Government or any
agency thereol, or The Regents of the Umversity of Calilomia. The views and opinions of authors expressed herein do
ot necessarily state or reflect those of the United States Governnent or any agency thercol or The Regents of the
Limiversity of California.

This work was supported by the Directat, Office of Science, Office of Fusion Energy Sciences, of the ULS,
Department of Energy under Contract No. DE-ACO2-05CHI11231.



Wind-and-react Bi-2212 coil development
for accelerator magnets

A Godeke', P Acosta', D Cheng', D R Dietderich’,

M G T Mentink', S O Prestemon', G L Sabbi', M Meinesz”,

S Hong’, Y Huang’, H Miao” and J Parrell’

! Lwwrence Berkeley National Laboratory, One Cycloton Boad, Berkeley, CA 94720, 1154

* Dxford Instruments, (00 Milik Streel, Carseret, N1 07008, USA

Absiraci

Sub-seale coils are being manufactared amd tested at Lawrence Berkeley National Laboratory in
order 1o develop wind-and-react BipSrpCaCux 0, (Bi-2212) magnet technology for fuure
praded accelerstor magnet vse. Previows Bi-22 12 coils showed significant leakage of the
conductors’ core constituents (o the environment, which can occur during the partial melt
reaction arpwed 830 °C an pure oxypen. The man ongin of the ohserved leakage 15 intninsic
leakage of the wires, and the issue is therelore being addressed w1 the wire manufaciuring level.
We report on further compatibility studies, and the performance of pew sub-scale coils that
were mamu fctured using improved conductoss. These conls exhibit signilicantly reduced
leakage, and carry currents that gre about T0% of the witness wire entical corrent (i) The coils
dermonstrate, for the first tme, the feasibility of round wire Bi-2212 conduciors for sceelerstor
mgnel lechnology use. Successful high tempersiure superconductor coil technology will
enable the manufacture of graded accelerator magnets thal can surpass the, already closely
approached, intrinsic magnetie Geld limations of Nb-based superconducting magnets.

1. Introduction

The magnetic leld hmit in Nbo-based accelerator-iype dipole
nagnets s about T8 T [1]. This magnetic field limitation
can be increased to ahout 21 T by improvement of the high
field pinning efficiency in NbsSw |1, 2], but impraved pinning
has ot wet bean demonsorated i NbaSn wires, A presently
more feasible way to move significantly beyond the Nb-based
supercenductors’ intrinsic Hmitations s 10 switch w a new
superconductor with an increased effective critical magnetic
field (%) OF the suitable alterative superconductars, only
Bi-2212 s commercially available as a mound wire, and
is therefore, for accelerstor magret technology, the present
mast sumable alternaiive 1o the Nb-based matenals. With an
H4{d.2 K} of 85 T or higher |3}, round wire Bi-2212 opens
the possihility o move significantly beyond the magnetic fields
that are achigvable with Nb-based echnology.

Lawrence Berkeley National Laboratory (LBNL), in close
collaboration with indostry, initiated the development of wind-
and-react (WE&R) roond wire Bi-2212 accelerator magnet
technology 1n 2006 |1, 4, 5], The Bi-2212 rechnology 15

being developed 10 enable the use of Bi-2212 insen coils in
fowre griaded secelerator magnets.  The choice of a W&R
approach s dictated by the small bending radii of insen
coils, incombination with the potential signilicant ireversible
reduction of the crtical cumrent with strain [ 1] The W&R
technofogy i, however, complicated by the regquirement (o
react the coils afier manufaciure at lemperatures close (o
BO0°C in pure oxygen, This resction places siringent demands
on the construction and insulation materials used, as well as
their compatibnlity with the Bi-2212 reaction,

Previous coils showed a significant amount of leakage of
core conslituents from the wires w the environment |4, 5]
The cause of this leakage was initially unelear, bt it hes now
been coneluded that the main cavse of the leakage is lack
of complete integrity of the Ag-alloy sheet around the wire
vore.  The leakage is therefore being addressed at the wire
manufaciuring level, and significant improvements hiave been
meade.

This article repors on new studies that imvestipate the
compatibility of insulmtion and coil construction matenals in
i coble clamp that simulates a cotl environment 4], The






article further reports on the manufacture, heat treatment, and
test of three new coils that exhibit cnly minor leakage and a
steadily incressed eritical curent. The results demonstrate, for
the first time, the sumtability of WaR Bi-2212 technology for
weeelerator Magnets,

2. Compatibility studies

Compatibility studies that investigate potential imteraction of
insulation and coil constraction materials: with the Bi-2212
reaction 5 ongoing work that provides  basic knowledge
on switable matenals.  Such stodies were, until recently,
complicated by the fict that the wires and cables exhibited
intrinsic leakage, i.e not leakage as @ result of what is
in contact with the conductors. Tt has become clear that
o conductor that is heal treated nmot in contact with other
materials, might give the impression that it does not leak. To
detect leakage. however. the conductor newds 1o be covered
with an indicator, such as Y20y, The mdicator does nol react
with the Ag-slloy sheet and therefore does not initiate leakage,
but it does react with the core canstituvents and can therefore
be used as o mediom 1o detect leakage [6]. The typical test
that has been developed is 1o com the conductor with a0,
which 1= white, and any leakage that oceurs then shows up as
blackening of the YO |7].

We performed such leakage tesis on wires, extracted
strands, and cable scctions from LENL cable 988, which is
minulictured from 2007 generation Oxford Superconducting
Technology (O5T) strand with biller number PMMOTO230,
i@, a modern wire on which the leakage issues have been
addressed. The conductors were coated with YO and reacted
wsing a generic Bi-2212 reaction with an elevaied maximum
temperature Ty = YN°C in pure oxygen. No leakage was
detected in these tests, indicating that the conductors do nol
leak when reacted notin contact with other materials,

Mext, 0.5 m long secticns of isulated cable 988 were
clamped in the (.2 m long INCONEL® 600 LBNL cable
clamp that was developed previously 1o simulate a coil
environiment [4]. The manufacturer's sizing was removed from
the braided sheeve using 04 ha 825 °C cycle in o constant flow
of pure oxygen, belore the insulution was placed around the
cables in all the tests with the AlO0-5i0; braided sleeve. The
sizing was nob remaved prior o insulating the test cable for the
pure Si0); msulation. The cable sections were clamped with a
pressure of about | MPa, which is comparable o the mounting
pressure that s used in the Bi-2212 sub-scale coils, The cable
clump is placed longiiudinally in o tube Furnnce and the cable
sections are long enouagh, so tha the cable ends are below
BT0°C when the clampad section 15 at 900°C, In this way
leakage from the cable ends is prevented, The insalated cable
section was placed in contact with shims of INCONEL™ 604,
stainless-steal 304 (85 304), ov stainless-gtesl 316 (55 316).
Some of the shims were pre-oxidized af 900°C for 1 b e air
before placement in the clamp. The clamp was then rescred
using a4 genenc Bi-2212 reaction with an elevated T, =
H0C 0 a constant Now of pure oaygen, The reaction was
identical for all the tests, except in one reaction with mon-pra-
oxidized INCONEL® 600 shims, in which the heat treatment
wits miedified using an additional, propretary, osidation step.

Table 1. Summary of compatibifity tests of nsulwed LEML cabie
S8R, made from OST PMMOTO420 sirand, in contact with vanous
maierials in the LBNL cable clamp structure,

Pre-oxidized? Leakage and
COATmEnts

Irsulation  In contact

Al Oy -5i0, INCONEL® 600 Yes | spot, elean
elsewhere

6 spents, clean
elsewhere

I =pot; clean
elsewhere

2 spots_ red
disgoleration of
insulalion, stroog
adhesion ol
insulaton to 55 304
No leakage. red
discoleration of
nsulation, strong
pdhesion of
Iissulation -85 204
Leakage atl over
CORGRCT drea

Tear withor cible, no
discoloralion, ne
adhesion

Sizang not permoved,
nix keakage, very
clean"

Al0:-8i0s INCONEL® 600 No
Al0h=5i0; INCONEL™ 600 Durng HT

Als-Sit) 55 304 Yes

Al h-5i0, 58 34 Mo

Alalh-5i0, 55316 No

AlUh=510, 55 34 Mo

Pure 510 [NCONEL® 600 Yes

* Discoloration of msulalion vccaimed putsile the cable clamp.

Detailed investigation of the cable sections afler reaction
highlights the presence of leakage andfor discoloration of the
insulation. Leakage was visible in some cases in the form of
small black spois on the cable after removal of the msulation.
The spots hive o typical siee of 1-3 mm in diameter, excepl
in the case of the 55 316, for which severe leakage was
observed over the enptine contact aren. The resulis of the cable
clamp compatibiliny studies performed so far are summarized
in table 1

The following conclusions can be drwn from table |
(1) INCONEL® 600 has o be oxidized, either before coil
imanufacture o during the resction, bul appears otherwise
compatibie, (21 85 30 does not necessanly introduce leakage.
but diseolors and bonds o the insukstion, which is not & pesult
of a reaction of the 85 304 and the insulation alone, bul requires
the presence of a cable, (3) 58 316 05 meampatible and canses
severe leakage. (4) Pure 8i0; appears the most compatible
insubation inside the clamp (it looks cleaner after resction than
the Ala0h 500, but significant discoloration: occurs oulside
the clamp, which is not the case for AlpO5-5i0;

Overall, the INCONEL®™ 600 and AlyO3-5i0% combi-
mation provides a workable system, although it has been
estnblished that the ALOL—810; reacts with the Ag [R] There
is also circumstantial evidence that the Crin the INCONEL®
GO0 becomes volatile in combination with ©: and reacts with
the Ag, as was suggested in the community 7). Energy
dispersive x-ray spectroscopy (EDX) analysis in a scanning
electron. microscope (SEM) revealed that some ApCr-oxide
crystals were present afler reaction inside the HTS-SC0S
Ssland’ (figures | oand 23 The wse of pure 510 looks






Tuble 2. Coils fabricated using OST Bi-2202 rownd wire.

Coil 1D Cable Trsulation Sizing Cridation Tinas 1"
HTS-5C02 17 strommd Ag chomimy  Pure Sk Present Pre-oxidized  NiA
HTE-SC04 17 « PMMOSI22] AlDy-5i0,  &00*C 1 h Pre-oxidized B854
HTS-5C06 17 = PMMOSI221 A0S0y, B25°C 4 h During HT BET.R
HTE-SCOR 17 = PRMMOT0LM) AlDy-S5i0,  B25°CA4N Dunng HT HET R
3 A
o Fa
&L Tie.  Topplate
5 2 e
a2
Island +
windings
Figure 2. Coil HTS-3C08 and witness barrels and wires after
Harse reaction. Leakuge spots are indicoted by white eircles, Spots A amd B
shob begh contain large amounts of By ansd Sr, asd traces of Ca and Cu,
. MK incicating that they originate from the wire cores,
I i
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Figure 1. Design of @ 2 layer, 6 furn Bi-2212 sub-scale coil i s
reaciion holder

promising, bul furiher research s needed in order o devinle
from (he now more comimon ose of AlOy—5i0:.  The
significant discoloration of the insulation in contact with the
55 304, the fact that the 55 304 bonds strongly to the
msulation, and the thermal contraction mismatch of 55 304
compared o Bi-2212 [ 1] renders, for now, INCONEL® 600 o
betler choice,

3. Coil manufactore and heat treatment

A total of 10 Bi-2212 sub-scale coils have been manufaciured
at LBNIL.. Four coils have been manufactured for collaboration
with OST. A schematic of the sub-scale coil reaction package
is depicted in fipure | The total length of the sub-scale coil
15 about 63 i The conls are 2 layern, 6 turm, double pancake
racetracks, wound with a 17 strand Rutherford cable with a
nominal cross-section of 146 % 7.80 mm?. The hending radius
aroud the island ends 15394 nim.

Ap-2%au- alloy strips were placed in comtact with the
cable during coil mamafzcture. These strips sinter o the Ag-
alloy of the cable dunng the coil renction and acl as taps for
the voltage connections for coil testing. All Bi-2212 coils use
a combination of INCONEL® 600 construction material and
Ala 0y -510; sleeve insulation. The sizing on the insulation was
removed vsing a high iemperature cyele as given intable 2 in a
constant Mow of pure oxypen. before placing the sleeve around
the cable, A summary of the four coils 1s given in lable 2

Coil HTS-5002 15 a dummy coil, wound from & cable
mude from Ag wire, and wsed to optimize the reaction

in the fumace, Comls HTS-8C04 and HTS-5C06 ame
maniociured from LEML cable 948, which is made from o
2005 genzration OST wire from billet PMMO51221. HTS-
SC08 s manufactured from LBNL cable 983, from 2007
generation O5T wire from hiller PMMOT0420, None of the
wires are twisted, Cross-sections of cable 988 revealed that
in some places the central filamem bundle was compromised,
due to the use of & non-optimal wire design configuration.
This can polentially réduce the cable crtical current shightly
with respect (o0 non-compromised witness sample, with a
maximum £ reduction of 145 if the central bundle carries no
CLrrent.

The side pressure during cotl manofactore is controlled
by shims around the windings, using prossure  versos
insulnted cable thickness data as determined from [0 siack
measurements, The side pressure before reaction smounis o
abow 2 MPa for cotl HTS-SOM and about | MPa for coils
HTS-5C06 and HTS-5C08.

Coil HTS-5CM wus reacted using an opiimized heat
treatmentwith a Ty = $85.4°C, which s just above the sharp
rise of the £.0 T, ) dependence around 884 °C, and therefore
potentially oo low.  Coil HTS-5C06, which is identical
o HTS-8C04, was therefore reacted at o slightly increased
Teaw = BRV.E7C. The reacticn of coll HTS-3C08 was kept
identical o the reaction of HTS-5C06, afier confinmation of
the entbical current of a PMMOT0420 wilness sample thal was
reacied topether with HTS-8C06. The estimated tfemperature
homogeneity over the coils dunng the reaction is £1 °C,

Imspection of the coils alter reaction revealed only a
few small leakage spots, identical as those observed in the
compatibility studies, All the spots were located at the cable
ecdpes. The sides of the winding packages were clean.  All
coils showed 6 spots per side on average. An exemplary view
of coil HTS-5CO8 afer reaction is shown in figure 2. The






opposite side. as well s coils HTS-5C04 and HTS-5C06, look
comparable, Six small spols can he identified on the wop of
HTS-8C08, These are located inside the five white circles,
Small chips of the insulation were wken (rom positions A und
B and analyzed using SEM-EDX. The BT analysis identified,
neat 1o (he expeclable elements, large amounts of Bi and Sr,
and traces of Caand Cu o positions A and B. This indicates
that the source of spots A and B i< indead teakage from the wire
core. [t should be noted, however, that spods can in principle
also criginate from an exiemmal contanmimaiion on the cable or
the insulation,

Two INCONEL™ 600 barrels with wires and two straight
wirg samples are also visible in fipure 2. Thess wires
are reacted logether with the coils.  The wires from the
INCONEL® 600 barrels are transferred and soldered 1o
stainless-steel bameis afier the reaction for critical current
measurements. These are the wilness smmples for the conls,

Glass-liber epoxy (GIO) plates are insered in the bollow
“slands” (figore 1) after reaction, The coils are then
instrumenied by connecting Cu voltage tap sirips to the
Ag-28-Au alloy Nags. after which the colls are vacuum
impregnated with CTD-101 epoxy. The coils are then repacked
inside o stainless-steel 304 package wilhout the presence of an
iron magnetic circmnt, and prepared for testing

In summary it can be concluded that the significant
leakage that was observed in previous coils after the heat
treatment i5 vinuwally eliminated. The remaining few spots
(some of which could come From exermnal contamination) are,
for now, acceprablz if they do not cause shoris in the windings,
or reduce the critical current of the coils:

4, Measuremenls

The critical current and w-value at 10°F Vo' of the
wiiness barrel samples are measured by OST at various
applicd magnetic fields. The critical currents at 10— ¥ om~!
are caleulated from the 10°° Ym ' §, and n-values using
L1074 = 10" 1.(107%), The corresponding total magnetic
fields on the filamentary volumes 1 the wires are self-field
comected using a sell-field constant of 4.94 % 107 T A" and
the 107 W ! £, values, The 10! V! 1 dats, combined
with the towal magnetic field datg, provide the ‘short sample’
limit for the coils

The voltage tap connections o the coils are schematically
depicted in figure 2 and are positioned to provide the critical
currents of the total coil, the upper and lower layers, the runp
from the lower 1o the upper layer, and the inner and outer
turns ol the upper and ower layers independenily, A deviation
in the voltage tap lavout for coil HTS-SC06 resulls in the
determination of the [, of the outer two tums of each coil
layer and a combined L. of the ramp (V) and layer 2 inner
wrm, as shown in figore 30 Al coils, mounted i o stainless-
steel test package, were tested in self-field in boiling belium a
Mmospheric pressure.

5. Resulis and discussion

The critical current data for the witness bairel samples is
summarized i table 3. The critical current of the wilness

L ]
WA

HTS.SC04
HTS-SC08
Wi
HTS-5C08 e
Wi
Wio
Wi

Figare 3. Schematic representalion of the voltage tap locations im
coils HTS-SC04, HTS-5C00 and HTS-5008,

sample for coil HTS-5C06 15 sigmbicontly higher than the
witness sample for coil HTS-5C04, This is presumably mamby
a resuli of the increased Ty, dunng the heat treatiment.

The low s-vilue for the HTS-5C(4 wilness sample 1s
indicative for an under-reacted sample, as a result of 2 oo low
Tiomie M Toan OF BB5.4°C is probably too close (o the steep
increase of I with T, around 884 °C as determned from
boi T it The [ increnses from 2ero o the masimurm
I, within one degree in this temperature region. Any small
pradient in empertture m this region will therefore result in
a large critical property distibution m the wire, resulting in
o low mevalue. This suggestion is confirmed by the fact that
the fooand m-value imore than double for the witiess sample
of HTS-5C06, which was rescted ar BET.EC. The Jo(Tw)
data further indicate that the £ of the wires vanes by about
425 A in the region where T, 15 888 £+ | °C, thus providing
an indication for the uncentninty in the witness sample £ volues
for the higher temperature resctions of coils HTS-5C00 and
HTS-8COE.

The critical current of the witness sample for HTS-5C08 is
approximately douhle that of HTS-SC06, whereas the reaction
for these coils was identical. This increaze in the [, of the
HT3-5CHE witness compiared (o the HTS-5C00 witness: is
attributed w conductor improvements from the 2005 (o the
2007 generation wires,

The electrie field a5 a function of current (E(1)) data
For the coils are shown in ligures 4G All the transitions
were reprodisced at least once after the coils quenched, and
reproduced within 10 & of the previous values: This lack of the
usual traming that is common in high feld wests of accelertor-
type magnets wound from [ow emperature soperconductons is
presumably & resil of the low load levels beloar 2 MPa during
the sell-held measurements [4].

The guench current of coll HTS-SC06 is, al about LEO0 A,
about 200 A higher than the guench current for HTS-5C04,
The higher reaction temperature causes o significant reduction
in the distribution of the [ values for the differemt coil
sections. The ramp and the inner wrens are hmiting the coil
perfommance in both coils, This lmitaion by the inner (ums
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‘Table 3. Summary of witness sample 7, values, messared on stainless-steel barrels with the wires soldered so the harrels

Conl 1D
HTS-5C04 4] ]
4 22
8 24
i2 2
14 21
Is 20
HTS-5C ] 181
4 Ta
B &l
12 53
HTS-8C08 6 131
|12 11

Applied fiekd (T)  Lacl0* ¥V m ' (&)  p-value  Toml Geld (TP fLact0 ™ ¥om ' (A"

6 0.05 96
6 4.02 44
5 £.02 37
6 12,02 32
5 14.02 1
5 15,01 n
I8 0,10 206
14 4.4 i
i3 ik Th
12 1203 L]
1% 6.07 149
16 12.06 127

“ Using & self-field comection of 4.94 5 10°VT A dnd the 1000 Y m™! [ value

" Caleulued from the 107" Y o' £ and mevalue.

0 usma -+
o= Tarfal guil
e=Layer 1 fotal
= e Layer 1 innor fiermn
L s Layer | outer furn
E ' —+ Ramp layer 1 1o 2
- o Layer 3 toial
E v Layer 2 imner turn
]
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E i HTS-5CH4
o
I'D-s L. - B Ll Py B ) O B |..._£1
Current [ kA ]
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Electric field | Vo |
=
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Figure 4. Electric ficld as o function of current during o DC £ wstof  Figure 6. Electric field as a function of current dunng o DC 1, test of

conl HTS-SC04 ar4.2 K.
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Figure 5, Electric field as a fusciion of currenn during a DC 1 test off
coil HTS-SC06 a 4.2 K.

and the transition 15 comparable t what was observed i earlier
coils [5). Thisreduced performance of the inner wras could
originate from strn andior magnetic feld gradienss across the
windimgs anid 15 the subject of Turther research. The transitions
lor coil HTS-5C08 show a substantial improvement of the
quench current, £, and s-values, The quench current inereases
rom about 1800 A Tor coil HTS-5C06 10 about 2600 A Tor coil
HTS-5C08

coil HTS-SC0% ar4.2 K

Critical currents and m-values are determined from the
E(!) transitions of the coils using an electric feld criterion
of 107 W ! The resulting dati are summarized in table 4.
The critical comems of cofl HTS-5CU8 were only determined
for the inner ms and the ramp, since the other sections did
nol réach the elecine feld crtenon before themmal runaway
occurred. From the table it is evident thal, with the notable
exception of the luyer 2 fnner fum in HTS-5C04, all coils are
limited by the inner turns and the ramp.

It has to be poted that the n-values that are achieved in
HTS-8C04 are higher than those for its wimess sample. This
can be a resull of inhomogeneity in the witness sample Tor
HTS-5C04, as & result ol its potentially lower Ty, as discussed
before. The relatively high e-values in HTS-SCO4 can olsoe be
o result of heating, as is suggested by the non-lineanty in the
upper part of the £(F) transitions, even though the ransitions
were réversible dunng the measurement, The coil n-values for
HTS-5C06 and HTS-5C08 are roughly comparable o the -
vitlues of the witness samples.

A praphical comparison between the performance of the
colls and (he witness samples is given in figure 7. Here, the
total ¢oal 1. walues are wsed and the coil entical currenl is
divided by 17 (ihe number of strands. in the cable), For coil
HTS-5C08 the quench value is used. For completeness, the
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Tabled. Summary of coil I valuesat [0 V' and T =42 K

HTS-SC04 HTS-5006 HTS-50C08
fo DAY m-value £ (A m-valioe £ (A) p-value
Tinal ool 1526 14 1711 17 20360 —
Layer | top) 1564 16 170217 2636 —
Laver | inner turn 129 11 1580 14 20608 13
Layer | outer turn 1323 10 (7400 |9 26367 —
Ramgp layer 1 w02 1319 17 16357 15 589 4
Layer 2 wolal 1481 14 1727 17 2636 —
Layer 3 immer turn 1306 14 - - 2337 I8
Layer 2 outer tum —  — (738" |8 2636 —

= Quench value. " Outer lwo tums.
¢ Transition and coil 2 inner turn combined, ¥ Open conlact:

witness data for coil HTS-SC08 are combined with additional
daia on the same wire batch. The Toad-lines for the sub-scale
coils are calculated wsing the maximum magnetic held that
occurs on the winding pack. vielding 2 magnetic field constant
of 4,18 = 1074 T A~ 4]

From the comparisen in figure 7 a rough estimate of the
coil performance with respect (o the witness samples can be
made by assuming a comparable magnetic field dependence of
the HTS-SCOK, HTS-8C06. and HTS-SC04 witness £ data as
the addinonal PMMOTO42] data, This leads toa performonce
of HT3-5C04 that is slightly above the witness sample, HTS-
SCO06 performs at roughly 70% of the witness sample, and
HTS-8C08 performs roughly at 75% of its witness sample.
That HTS-3CT perfomms better than its witness sample is
ar first sight suspect, but the recorded insude empemture
of the [umace was 8841 °C compared w the measured coil
temperatere of 8854°C, 1 35 thus very well possible thal
the witness sample was reacted ara slightly lower temperature
than the coil, rendering the comparison (o the witness sample
unreliable, if the steep increaze of £ Naw ) aroond B8l °C, as
discussed previously, is accounted for, Coils HTS-3C06 and
HTS-5C08 were reacted ar subsiantially higher iemperatures,
and the comparison will therefore be less dependent on local
temprerature vanalions i the Turmace on the order of | "C.

In summmary it cin be concluded that the coils achieve
roughly 7066 of the wilness sample o owith the uncertainty
arightating from small local emperature varations during
the reaction, differences in the stmin siate between the coils
and the witness samples, and the detmled magnetic feld
dependence of the eritical currem.  Coil HTS-SCDE could
carry on the order of 100 A per strund, or L7 kA o 15 T,
provided that it will withstand the Lorentz loads (which is
i iself o lerge uncertainty ). This, combined with the now
marginal occurrence of leakage shows thal with Wa&R Bi-
2212 1echnology, praded magnet systems 1o surpass the Nb-
hased acceleratar magnet systems appear 10 become a realisnc
option. '

6. Conclusions

From the compatibility studies 1 can be concluded that the
combination of INCONEL® 600 construchon matersal and
Al D-5i00  braided sleeve insulation provide a workable
system, although it is evident that the insulation reacts with
the Ag and it is suggested that the Cr in the INCONEL" 600
might also react with the Ag from the wines.

The now marginel leakage m combinaion with a col
performance of roughly 70% of the witness sample, and the
potential o camy around LT kA a1 15 T, mean that the W&R
Bi-2212 coil technology 1s sufficiently developed 1o show that
it 1% a realistic option for gccelesator magnets,  Obwviously,
detnils and critical current densities will need improvement, bl
the feasibility of the technology is clearly demonsirated.
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