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Table 1. Characteristics of HTS rf-SQUID with and
without HTS thin films

HTS film |Without film|On GB| On slit |On GB & slit
Sg/% @ 10Hz

LT /a2 440 190 210 225
Sg72 @ 100Hz

[T /Hz1/2] 240 170 140 135

Auer [mm?] 0.81 0.83 | 0.917 0.931
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Improvement of the sensitivity for temperature of optical fiber sensor

at cryogenic temperature
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Fig.2 Experimental Result, Temperature Dependence of the
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Pendrum vibration isolated pulse tube refrigerator pre—cooled Dilution refrigerator

and in situ vibration measurements using torsional oscillator technique
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DISCHARGING CHARACTERISTIC IN CRYOGEN
~Exploratory experiment of Carbon nanotubes generation experiment in liquid helium~
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Fig.1 TEM images of the nano-material products using contact
arc experiment in liquid helium. Though its inside diameter is 2
~ 4nm, its outside diameter is approximately 20nm.
Unfortunately, it is not possible to find out how may walls
these clusters have because of the low sensitivity of TEM
imaging. This shows that it has multi-walls.
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Fig. 2 Discharge current and voltage
characteristic of this discharge in liquid
helium as parameters of discharge voltage.
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Tablel. Regenerator type and filling weight

Regenerator Filling weight [g]
Type Pb HoCuz Gdz202S
Layer 1 59 52 0
Layer 2 59 32 10
Layer 3 59 18 20
Coaxial 59 32 10
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Fig.3. Cooling power comparison for four regenerators
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Design and Fabrication of Room—temperature Magnetic Refrigerator

Applying Halbach—array Magnetic Circuit
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FEERBOIL, BT DBEOHIRI SO0, Gz
DEFUTLEARTIEWS DT> T D, Bl O IZEE D5
BT ANX =% M DT, BATOKRG IR DM B HNT
ELT, EIRMKB OB AED TD,

BRI, BRBEZN R (b OO TR Th DGR
VRS DI - BRI BB - B DR D IS 375
DT D, BRI ORERE HIZIE, AMR(Active Magnetic
Regenerator: BEENVBE S I BVE BB Z H W =i (2
AMEHEI D[,

W RAE M BT LTS & 2 R AT E S HE%
FHEATO, FBRRA Ay AERFI ORI O XL, ZolE]
HRIZ LD iR e VO F XA LIZ, Z2LC, filElo [ ERR
PNy NERBI ORGSR A e L 210 fe %, [RIHREREh AL <
MR SR R S TEL, ZhOA A CTTEIRMBRN
HHEZERUELI-OTHE T2,

2. ERMAAERORE

[l ABRED AR L, T BRIR N LN B D G 5 T 0D s
ZEHASEHTLITLY, BEREEME T U TERAETT -
TRER RN RA RS LI E L, F-, WS
BRI, AR E S E A2 8IC ko TRERTEREME 1T L
TEALHREAT VY, BB R B R E SN & 972
DICHE LT, 1, WIEIESRSREZIL, A RS DR
TR, BRSO EE MR AT T BN E D,
SVEEMELELT, 752¢ OARV =0 L% FEHE UL,
ZNHDOM BN TIT L > TEIBBR M B E RUELT- (Fig. 1
SR RIHEREICBIT DR RMREEIX 1.1 T Lirotz,

3. mEBEARIE

BUEL 7o SRR BRI O VR R ) DR EEAT 272, 737
A= —I, [EEREREERE O R S D I BRI DI B C
HD, WEREE, MR ET T — Il C—ERE
(20°C) IZHERFL, IRIRIRR ~ T 03X B Lo b — X — DB A
WZEELTBRO AT UT=, Je370, 7 sk oo i TR s i & KR
SO E e LT, MR D K7D 5%
A L7, Fig.2 IERROBEZRT, ZOFITHE, HaEDH
eI B AL T,
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Fig.1 Assembled room—temperature magnetic refrigerator with
rotating Halbach—array magnetic circuit rings

100
EiRImRE 20°C
- BB s DEEEYO
§ [ES55 40rpm
@ %0
T
&
0 1
0 1 2 3

i (L/min)

Fig.2 Experimental result of the room—temperature magnetic
refrigerator

4. BHYIC

WEEWATU TR L= BT E T ALY, Fi &SN
THEMBRE NN T D0 Pl C0D, 2
R B, YOI ko TR RIS 5 T TS,

S5 Xk

1. M. Saimaru, et al.: Abstracts of CSJ Conference, Vol. 78
(2008) p.211

2. K. Waki, et al.: Abstracts of CSJ Conference, Vol. 82 (2010)
p.99
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Numerical analysis of magnetic refrigeration at room temperature
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SAKAMOTO Hirotaka, OTA Masanori, NAKAGOME Hideki (Chiba University) ;
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YAGI Ryosuke, KOBAYASHI Tadahiko, TOMIMATSU Norihiro, KAJI Siori, SAITO T. Akiko (Toshiba)
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1. [ZC®HIZ

SRR TR BRBE A O/ NS WASR D #5 BB
LLTHIR R FELN TS, ZIVETOWFZEITED | KARE
£ 2T AMRBEBIAY & 5 BB S 3D 7 U2 0, =il
FHEDBFE T QWL AR Z L TWOD[ 1,

— 5 BRI SR O EACICIE BV S o) s g
RO R CTBHD, ZZCTARIFZEZEH S o1 B Caa
PEREABA SN T 57280 . AMR bed N TO DB & H1E
~OWHEETT AL, AMR A 27 /LGB B 1 K
ETEBIC oW T, BB ORBIEE Fig. DA LIz —K
JLET I DHE B CRFT LT,

2. fHEETIL

BB FEBRTIE. AMR bed PIIZFeE SN DI L RENEART
OB S L THEE (Hot end) 38 LW EVES(Cold end)
M OIS REFS T2 B LT, Fig.2 (2, B BEMER D =R
NF—RAEXERZT, EBREIZ OV TOZ R — R 1F
K, FOEMEERICOWTOZ R LFX —RIFTHD, REREE
B AMR bed Z Wi 5 IS B VICHEIL, &4 OBV
IZBWT, TR X — R FEROBR N Y SE Xz LT,
TEMEAR DRESGFIIN - BR BN PED B - I B | R oD =
e —Zb & EBADIR AR E A B E L T-, AMR A 2L
(2B T D AR EIRRE , BERE IS OV, FEBR LR AN E
DA TR L T2,

3. BUERERFER
3-1 RERTHORDEE

Fig.3 |[ZHAAYZ2 AMR WA 27 /L OFEHRIZLED i iE s LA IR
SRR E AL ORE -2 R IR LTZ, Z2°C AMR NEET
OV FIGRE FAEE)Z RARL D720 il & AR IR O
IBEZE AT A 15K 272D FTOIRE AL b 7280 (FF R %
E) A B I OFEIE L Lz, B ERICL > TRO7=W
EREN ) DA 7V JE I B AR AR e | FEBR E LR LT R
Fig.4 (2”9, FEBRIZB W THNERENH /1 28BS o B iz
PES THIRL T<ERT- 3B R THIRITHREE TET2, £
IR T, SHIZEE AR IS Tp<E, 0.6Hz LA
I A L B DD SRR S LT,

3-2 S ERA~DIREL. TREL

HWEE~DE S &2 B BT HICHT-0 . &R, KIS
DO VR AL S, FAUTEI N ER~D B J1 & ik
i, AR OEEFE AT 20, ZORR, AME~D
TR BT ESMBEVE J1(Q,, QIERELZRD, M
THIRIT A2 MERINTz, 2, ATEQ,. QI —FA
7 DOBMRICHHZEDTRENT, FEROREM, F2E IO
TUERBE IS TS5,

ABFFED —EBIE, )BT = FLF — « BE TR A BRI 1%
HENEDO)DEREEFH L T rb b T,

SEHK
1 . T. Kobayashi, et al. : Abstracts of CSJ Conference,

Vol. 77 (2007) p. 138
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Hot end

Magnetic
Regenerator
Material

Cold end

Thermocouples

Fig.1 Schematic illustration of the experimental apparatus.

T

P
o

or, . T & T, Nu

pfcfAé‘E/+mcfE/:Kng 6x2’ +d—yaSA(Tr—Tf)

ar, 8T, Nu o as,
pie Al =)= =K Al -&) =5+ a a AT, ~T)-A0-e)p,T,—
DRIRRE o RIALRER d, : BitEAHE m: HERE
KRR o, c BEME(RLEERR a, - BMEERE  Nu: XvtILEH
CRAEE K RARRMEER A wLER SoHRIVhOE—
CHMEREE K, BEMEARMEER e ZRE

Fig. 2 Energy conservation equation.

? Hot end

0'6' L
= ¥,
% / AT
3
£ Cold end
G | |
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Time [s]

Fig. 3 Temperature change of hot and cold ends in AMR cycle.
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0.1 ¢ simulation
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Fig.4 Cycle frequency dependence of dT/dt.
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Heat Transport Characteristics of cryogenic Oscillating Heat Pipes
— Effects due to the length of OHPs —

EH PR, =7 AT, M B, BA AZINIFS); EH f, 07 32, SEE Eig, BE BI(REHED)
NATSUME Kyohei (SOKENDAID; MITO Toshiyuki, YANAGI Nagato, TAMURA Hitoshi (NIFS)
; TAMADA Tsutomu, SHIKIMACHI Koji, HIRANO Naoki and NAGAYA Shigeo (CEPCO)
E-mail: natsume@nifs.ac.jp

CFXE®HIZ

WA D KIEBRE ~ 7 2o MAEIF R EL TR ST
WDHIRE - [ HI7 S AT Re 7 ARIR BV ED A il
b —h 317 (Oscillating Heat Pipe: OHP)DBHIEZ1T-
TWD, JO~ 7 Ry b~D ST L 7= il Al - o ozl
I OHP ZEHBUEL . EBREIT o7, HATHIEEIAELL
TR, XA TR AFERIRDE AR, AT B, A
B N Y OHP ORSEZ LS, a7 BV S R4 1
FTHZ L TRIR B ERFME AR L 72,

2. BREIXE—R~/ 47 (Oscillating Heat Pipe: OHP)

OHP [TV AT Z AT EIZH STV T 72Tk E L T,
B SN RARIE A T NERICKIG ERAE N R I ISR
BT L, NBGECURAEDSZZFE L | i HIER CRIB T AT
G5, LIULEIE AL IREN A BEEN L | I B BHER D
il 5 2 LA TR TS S D,

3. mfElS %ﬂ h R nE A OHP B F

Table 1 (Z/EENRIREL TR, Faidrvt 2V
B DR E AAUINEE OHP 0D 5250 172 Bz 411
e By v S e B NI S R I o w5 I i
ENO X CHLE L7z OHP 23 peh i O 72 BRI 5o
L7z, IR CEVRE AL L CRSH WSS O 7
PLEEAY 100 OBGEOBRERIT IRE 20K, Y 1T 0%
T 2,000 W/(mK) FLEETHY, Tl _HEHER S
WTO OHP DA ZIERTHED D HIVD, Ll TS ED B
MDD S 10 CRRE L5 5
OHP ELTIFEMEL 220572,

ZDIDIRFE N L DEMWEDO RL E AW D720
2 IS BV OHP MR R E L, ARIR BN E B
1To7, Flo, H-\CE % 5 16 DR & & 4E R L7=OHPA #
YEL. OHPD - EDZAVIT Lo TEREHE R [ RS 3L
DINIE DD EHAE LT, Fig. 1 1ZREL 7= Hpge il
OHPDOEE T D, /ME3mm, NFE2mm DOSUSOME %10

(TLE 7R B RE 2B ST

Fluid Of;ee'gr’::;’“ ﬁlllfxlnzllrl:tio g:,?:n?]‘l‘z’]‘ Efieocxt:iv:clttlll\;;ml
[%] [Wm' K]

H, +90 50.9-70.0  0.03-0.46 8,500 — 11,480
H, +45 50.0-70.4 0.05-0.82  2220-10,330
H, 0 51.1-722  0.05-030 2,830 6,380
Hy  458&-90 - Did not work
Ne +90 53.2-75.0 0.03-0.46 5,100 — 19,440
Ne +45 50.6-70.1  0.10-0.82 6,000 — 17,000
Ne 0 69.8—86.1 0.03-0.82 6,000 8,500
Ne  _45&-90 - Did not work

Table 1 Experimental results of heat transfer
characteristics of a OHP which consists of a 3.18 mm
outer diameter and 1.56 mm innner diameter capillary
made of stainless steel.
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B 703 L C Wl i 2 302 L 7= A 1 G, P Je LB, (il
mENEEZR D87y 7 AT SIS, Fig. 2 12
) - T gL N OHP oD {5 TR Bh VR 45 1 32 5k 0 s 1475 Ak
A%, OHPO [ fi o> i3 AR 1L 0 B L S8 " 2R — %

MLTER S, THRICHEMBEGRICE—& —TAZL ., ]
%@{mr“%ﬁ LIBNN IR BRER L RO D, i TIEIND
DFEBRFE ROV THETD,

ARFGEIL, BEREFHFAFJEIT . B oL — -

A B FERE(NEDO), BLHF#(21360456) DB %% 5% 1) 7=
DThHb,

SUS capillary: outer diameter of 2mm, inner diameter of 1mm
Cu blocks: thickness of 13 mm, width of 30 mm

210 mm

[
==

A

290 mm

Fig. 1 A photograph of an experimental cryogenic
middle—heating type OHP which consists of capillaries
made of stainless steel and blocks made of copper.

Foil heaters are attached
on the Cu bus bar and
the Cu block of the OHP.

1. OHP

j 2. Cu block
3. Cu bus bar
- ge g 4. GM cryocooler

‘ 5. Filling pipe
\ 6. Isolation valve
7. Buffer tank
8. Pressure gauge

‘ 9. gas cylinders

10. vaccum pump

11. Shield
12. Cryostat

Fig. 2 Experimental setup of cryogenic middle—heating
type OHPs measurring their thermal conductivities.

S& Xk

[1] T. Mito, et al,: Achievement of High Heat Removal
Characteristics  of  Superconducting Magnets  with
Imbedded Oscillating Heat Pipes, IEEE Transactions on
Applied Superconductivity (to be published.).
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Neutron Irradiation Experiments on HTSs: Mechanical Properties
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YAZAKI Shinjiro, AOKI Toru, KAMBAYASHI Yu, KARASAWA Akira, ISHIYAMA Atsushi (Waseda Univ.);
MIYAHARA Nobuyuki (NIRS)
E-mail: yzaki—snjiro@toki.waseda.jp

1. [XL&IZ

B0 A DA IE IR L L CER FHAR S E H &
TWD, i, BRI A E O KR AR T
HHNMER O/« = R — LD 212, I =
NOBEEE B IREL QOB oAVl EE (R
MHCII IR A 0T 208N 5, SHITIERR IS Tz
I RRBRBE T P eI SN D2], £ 2 CH 1R R
L7z, YBCO ###f & Bi-2223 ##6F O OF Aokt 9~ 5 B AR
PEDOFAL R AT -T2 D TS5,

2. EEREE

OB DFE A Table 1 10733, F7- BRI OIS
K2 1R, BRI stainless steel(SUS304)8Lo> U
FRIOWE BEBEICIIA TSN TERY, OFTHRF—U%%
ORI B3 LT, Fig.1 ® Handle Z[EIL A &% FF
WZEIN T ZRIZLD, B R T ICOT ABES LD,

3. EEBAE

TR TR ER BN, B OS5 T o7, B
O 97 ¢ ZEINLCE, 1uV/em KEUET I ZHELZ,
AV R IRET TR TITV, O A E 1/1, DBIFRA/1 -
¢ Bt DAL Z T, 22T O KA 1, LTz,

Table 1 Specification of HTS sample tapes

material YBCO Bi-2223
AMSC, Sumitomo,
ettt 344Superconductors | DI-BSCCO{TypeH}
process MOI/RABITS CT-OP
width 4.4mm 4mm
length 60 ~ T0mm 60 ~T0mm
thickness 0.22mm 0.22 mm
I.(nominal) Min70A 140A

Handle
StrR\iQ\Gage Sar:'l]::lc Tape

A

Current Lead Current Lead

Voltage Taps

Sample Holder

—

'——SQmme Tape

Fig.1 Experimental apparatus
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4, EERHER

YBCO ###f, Bi-2223 #2515 D5 R % Z N Fig.2,
Fig.3 {27k, Before 28 HPE TR BB HITOO?, 0O T, After 23
iz ThDd,

YBCO #f, Bi-2223 #ibt &b (CHRET AT - BREHE TO$ 74
V23 A EE RO RS LIFBHEIS 2 5Tz,

1.05
1
0.95 | h%
2 ~+-Y-Beforel
— 0.9 | = Y-Before2
085 | -4 Y-Afterl
=Y-After2
0.8 '
0 0.2 0.4 0.6
Strain £|%]|
Fig.2 1./1,,~ ¢ relation on YBCO
1.05
1
0.95 | ¢
2 ~+-B-Beforel
- 09 -8-B-Before2
085 | <+=B-Afterl
+<B-After2
0.8 !
0 0.2 0.4 0.6

Strain £|%]

Fig.3 I./1,,~ ¢ relation on Bi-2223

ARFFEE TR B GHEATJEB) IRV EH L 726 D TH
%O

SE R

1. A. Ishiyama, M. Fukuda, et al.: Development of the next
generation superconducting cyclotron,ASC—10-033 (2010)

2. H. Ueda, A. Ishiyama, N. Miyahara, et al.: IEEE Trans. On
Applied  Superconductivity, Vol.19, No.3, (2009)
pp.2872-2876
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Development of Next Generation HTS Cyclotron
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HET, @mESEERDO1SOTHY, HBENHR TR %<
D IR FE A A TE TN IR TR AAEIE | DO R JER D
SEFEN TS, LNLERFAMNSEERE L TEEL )5
DIE, BITE, BUNRRE SR AR O HIMAC &, ST
R BRIERE L & —, BER RS TR 1R R i 5% 0D S 3%
&, KAV R D 4 DFTD I bTe>TD, ZHOFHRL -
eI v rabey FRBPRAINTEY, Wb A K
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BHELIESTND, OIS FOLE, ITHEO SR EELE
B OBGERPERE I B LIS R ERBR S OHE B ORI,
Fx 1L, HIMAC &A% O H 77 (400MeV/EZ 1+, 300nA) &
O IR T A A E A U N h SR i R oo Y i
R EEG IR OB - EBA BIE 282Ul

2. Rt ERBEEY//AMOY

Forx @ B, B OR IR B EE) A ek o B
N5, ERANEEE LT, HEEy A rahay (51
), v rmbhrr (5 ZH#40), FFAG (Fixed Field
Alternating Gradient) (55 =A%) &, YA (DU HEAR) ohn
AL L TH A 2T E B R L Q5 & iR B0
2n72 E1][2], RAEAR ORI TR F N 45 O BH 3 5 4 1
AL THY, £ HUTBNT, FNFNOEBETENLZ
BRFE D HILTND,

HArabad, KX Tav TN THLIE T TR, E
PRI I RN E M - (S MR - A - LR P2 2
Wi 2 TD, LU i’n, Bk R iR BB S A
sabar OFFHFIEE, BNy 77288 TIRIE 4R R #
TEIEMRFS THD NbTi 2 REL THRES> TNDHO D,
PERAAMT DIER TIEIANIMEN 6 m 2B TLEND, K72
HETELRETh D, Fox BEIREHED TOAR IS EIREE
Y Araba i, @IREBEEHNAE AL CEREbE
KHEEBIT, Fig. 1 ITRTIIITHERD AVF Armbrr o
Froar O MELY T YA rabar DR K S ~DikE
PO GO EF > T- 2 ETIZRWVEEH LW A2
aha Thn, HEROMBEER TILF & Tho7- kLo i
T3, 2200 @mIREEE A VIT TR L EE e
WA AT THOZ EDFHM E 72> TD, EL T,

(1) WIRBEEa ALY AT ME AW Ems iz ty, 2

PRI B TER T RIF — DM N e D,

2) BROEHWRNOT, 250 [ B2 i R RIE D L7 4%

2EORERL - BLiE I LD EIG T N EBLTE L7280, K
BIROE —LEZELTMEUR 3288 TED,

ZONMIREET AT LNFEBL T HE, MAIRIFEHTETT2],
TN T XD BRI & O pE S 43 B0, B, Tt
BREEVE AR, BB LM OB R & B E B ~0O)G A
2, FeSE O kR I AN A AR TE, TOR%
BRITMD TRENLODRHD,
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AFysbaql |[FA50 O LR, BEECRE L RET
CBFOEA 420k 5 UARHT EAM &

BAEESE & 730 oBHEENE AL TEN

Bom DA T SREMEE THS.

ArAZNEIE—a1L

AVF E
ALk 2Tk
AMaf

ZtEERESYoOMOY

BREAROE—LDERNERLH-OHICARAR
ISAMMGREIBOBEEART O TEY, BT
HR—EEOLONANFH/o0b0, BHAE
Toa—af)  [EMICHEL THAHICREEL- L0680 LT
A70+rA2THB.

.,

DM 2 g7l =] = b
Fig. 1. Next Generation HTS Cyclotron
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DT, EREERE Lot - FEES I EN
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@) Y= ARENEE AL, WREDKIFICHH
5E5,

RENRFETFOND,

4. BHYIC
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RBEEZLOFEBABHENRNTCEIBERIN LS, £-—
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e 7%,

SE 3K
LA RS RS IR 7E 2
2010.
2. Al R ELS N BRI ERE, ASC-11-009,
2011.

%Rk, ASC-10-033,
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Trial Design of Next Generation HTS Cyclotron
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AANVTIEAET W OJE 718 A LT3 A % Fig. 2 (R,
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Fabrication of YBCO test coils for the accelerator magnet development
(1) YBCO coils for measurement of additional magnetic field by shielding current
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Table 1 Specifications of YBCO test coil and YBCO tape
Single pancake,
Epoxy impregnated
Outside dimension 381 mmX 132 mm
Coil height 6 mm

Inner winding radius 40 mm

Outer winding radius 66 mm

Number of turns 76 /'pancake

Tape length 63 m,/ pancake
Number of pancake coils 2

YBCO tape widthXthickness 5 mmX0.2 mm

YBCO tape I, (77K, self field) 163 A (End to End)

Type of coil winding
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1. N. Amemiya, et al.: Abstracts of CSJ Conference, Vol. 82
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2. N. Amemiya, et al.: IEEE Trans. Appl. Supercond., vol. 20,
no. 3, p. 364-367, 2010.

Fig.1 Outer view of YBCO test coils for measurement of
additional magnetic field
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Fabrication of YBCO test coils for the accelerator magnet development
(2) YBCO small test coils for FFAG accelerator magnet
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Fig.1 Superconducting coil conﬁguratlon of FFAG
accelerator magnet

Fig.2 Outer view of YBCO small test coil
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Microstructural observation of MgB, wires by x—ray computed tomography
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1 20um

Fig. 1. Three—dimensional reconstructions of MgB, wire samples. (a) Non—doped and (b) malic acid-doped wires propared by a
powder—in—tube method and (c) SiC—doped wire prepared by an internal Mg diffusion method.
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The effect of impurity addition to the critical current density of internal Mg diffusion
processed MgB, wires
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1 introduction

Internal Mg diffusion (IMD) process can
achieve high density MgB, layer in wires and
hence high critical current density (/). Carbon
substitution for boron enhancing upper critical
field (B,) is also effective to enhance J, of
MgB,. We have recently shown that SiC and some
liquid aromatic hydrocarbon (toluene,
dimethylbenzene and so on) co—-addition can
enhance the /. of mono core MgB, wires V. In the
present contribution, we discuss the J, of the
IMD processed mono core MgB, wires under
different conditions, viz. with pure B powder, B
powder with additive like SiC or toluene, and B
powder with SiC+toluene co-addition.

2 experiment

Amorphous B(99. 9%, 300 Mesh) and 10mol% nano—
SiC were mixed with toluene, and then packed
into the gap between an Fe tube and a pure Mg
rod which was coaxially inserted into the Fe
tube. The composite was groove rolled and drawn
into a wire (@ 1.2 mm) and then heat treated at
670°C for 3 hours. The transport critical
current (/) of the wires were measured by using
the four-probe resistive method. /., was
calculated for the cross—-sectional area of
reacted layer, and the cross—sectional area of
reacted layer was different by wire. The
composition and micro—structure of the samples
was investigated by x-ray diffraction
(XRD) and scanning electron microscopy (SEM)

3 results and discussion

Fig. 1 shows J, properties of the IMD processed
wires. The wire with SiC+toluene co-addition
shows higher /. value than with SiC added wire.
Toluene added wire shows lower /., than SiC added
wire but higher than pure wire in the high
magnetic field region. The SiC+toluene co—added
wire shows J, value of 50kA/cm? at 4.2K&l10T,
which is the highest of mono core MgB, wires
reported so far.

XRD pattern (Fig.2) indicates that the amount
of C substitution for B for SiC+toluene co—added
wire is higher than SiC and toluene added wires
This is one of the reasons for J, enhancement
SEM images (Fig.3) show that the average grain
size of MgB, in the wires with toluene addition
are smaller than that without toluene. This is a
possible reason for ./, enhancement because small
grain size increases pinning center at grain
boundaries and hence J, .
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Fig. 2 XRD pattern of IMD processed MgB, wires
Fig. 3 SEM images of IMD processed MgB, wires
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Fig.1 Photograph of a capsule for the fabrication of
MgB, bulk.

Fig.2 Photograph of an as—sintered MgB, bulk in the
stainless steel flange.
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Superconducting properties of PIT-processed MgB, tapes using Mg(BH,), powder
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Fig. 1. XRD pattern of PIT-processed MgB, tape using
B-Mg(BH,), calcined at 400°C. The tape was heat treated at
570°C in a flow of Ar gas. XRD peaks assigned to MgB, are
indexed.
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Fig. 2. J.-B property of PIT-processed MgB, tape using

B-Mg(BH,), calcined at 400°C. The tape was heat treated at
570°C in a flow of Ar gas. The measurement was carried out at
42 K.
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Hishinuma Yoshimitsu (National Institute for Fusion Science)

E-mail: nk—y—kubota@mms.kyushu—u.ac.jp

. XL&IZ

MgB VL B BE OB RER A3 RO TR R E S C
HY | ERE BT DA E 5 DR LT TR L o=
AVIS ARSI TG, —EIICMgB, A /L O VESLCIE#R
MaEaA VRIS ICMeB, &2 A S 57 7 A(Wind and
React) N EZHNTED, TORE, IKIEALE | LD BE 7
MeB2FH DA I RZEA FITH S, W4, B L TMe,CuZ ik
MFTHZE2ED Mgk BOAZDOHA LD 100°CLL K 475°C
FEEEC200h BULER 52 8T M \WORB IR AR 277 3™ MgB, 23
BHNT=0, ARFFETIE, Mg,Cuk TN 7=MgB, 64 O 1 ks
HEEEIZEL, MgB, DA RGREEZ IS T 5% HIE LT,

2. AEMER B LUEERAZE

Mgky =R (99.9%, KIEKI100pum), 7 E/L 77 ZABK £(99.9%, i

PERI 2~ 3um) K UM, Cuky R CRL K9 Lum) & | FHL K H[1-2x]
Mg x Mg,Cu : [2-x] B (x = 0.01~0.15)DEIE TRA L, {1:1:
R ETa —AZEED | T — L2 AWTERIEL, Ardk
KD T AT5CCHE 4 DIRFEAVILER 24T\ \MgB, R & 1572, %
A TE 1 BAMEE(SEM/EDS) TR IR DR A Bl 22 LT 14 . 4
WAF L E—AFIB) v A7t 7V 7 I 0 EER A
B, i E T B EE(TEM/STEM/EDS) 254 1T ~ 7~

3 HERBIUER
Fig LI ARBMLELHS (a), 10hZMLERAS (b), 200hZLALERAS (c)
BT HSEMBUZEE R AR, ZaLdD | Mg,Cud KEBS71310h
SRR LTWDHZEN DD, Fig. 212, 200h BAALER A o
STEM EDSHIZHE AT, éﬁ}‘zbf:Mng/‘ﬁ%m(om)ﬁ 7
72y MEL 72 REZ10~250nmDHCR THY . MeB, i i (IKF U OVGE
0% BT IO e Mg-Culb & (1 DWW FEIZ) A3 3 A L T
BZENGY T, 772y MELT-MgB, i it O T BE1E ., Mgt
J650°C LA Mgt B UGS E 7 OMeB, DI RE L JELIL T
WD, ZAuE, MgéMg,Cud it il B 00485 CHr 5 TIRERIL . %
DEFBEBA L TMgB, il fl 23R L T2 ZE A RIZL TN D,
BlEREINDMe-Culb W HRIT, 10hBVLELAS TlEMe,Cu,
200h ZAALEE AL Tl Cu,Me A3 £ T 72, MgB, 43 D% Al 72
Mg-Cuft & ¥ 1E MgB,(00D) i & A7 BIfR 2 A L T/,
MgB,(00 D) #I L2, Mgﬁ%#ﬂz/\ﬁRﬁa%%&%)ﬁ%ﬁﬁ%é
ZNBEMe,Cu(00 D) i & Cu,Mg (11 DI IZI 1 DMl +Fc & &
FHRLTRY, BAEMEDO R WA EEFRTHZENTREEE 2D
15, MgB, Dl (1300°C) NEBMICE W LA B E T HE,
MgB, & 7 (i Btk &S 52> DMg-Cufb & i, Jelc Bk L7z
MgB, 2 A A R U CAE R L 72 ATREPE D S D, 10hBLER A1
Tl RS OMghIMg-Cui Al HIC 2 BICTFET D728 Mg
U F DOMg,Cutd AR E R 7<, 200hBULHAA TITHE AR o>
MgHBED S TR L TWA728 | Cul T D Cu,Mgi fi A3
BRSNS T e DEE 2 BND,
ubm-*%i) LIRS XS, Mg&Meg,Cuns 3 fb 15 B T
RRNL . Z OWRFE EBN G T HIETMEB XA T 5, &5
L:\ BHIOBE OB ARFELIZMg-CuL A3, MeB, %
AR AL CAERTHES ZBND,

Fig.1. SEM images of MgB, wire (a)before heat treatment,
prepared via 475°C heat treatment for (b) 10h and (c) 200h.

{g Cu1|:‘°"—f4!l

X-ray counts

X-ray counts

91

Fig.2. STEM-EDXS elemental mapping for a MgB, wire
prepared via 475°C heat treatment for 200h.
(a) STEM dark-field image, (b) Cu map and (c) Mg map.

SE XM

(1) Hishinuma et af.: Supercond. Sci. Technol., 20 (2007),

1178-1183.
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2P-p24 MgB, (2

SICF—TL1=MgB, M DR EREZEEICRIFTEEICLLIHE
Effect by rolling on critical current density of SiC doped MgB; wire

A EHR, AR, /NEHS R, AT BRS LR I s, JIAm BKES, 5 SR (BEVERR)
R, =5 FIAT ZRE ) s Brh fnse, FAm 3 (F S7)

TANIGAWA Jun-ya, KIUCHI Masaru, OTABE Edmund Soji, MATSUSHITA Teruo (Kyushu Inst.of Tech.);

KAWAGOE Akifumi, KAWABATA Shuma, SUMIYOSHI Fumio (Kagoshima Univ.)
YANAGI Nagato, MITO Toshiyuki (NIFS); TANAKA Kazuhide, WAKUDA Tsuyoshi (Hitachi, Ltd.)

E-mail : tanigawa@aquarius10.ces.kyutech.ac.jp

1. ZLoIc Z OHINE SIC R—7 L7z MgB, Bt O 5 v K& v, 72,
MgB, 134 8 R EGEDO P CThie b mWOERSIRE T8 SiC K—7"L7z MgB, ® Tpae6 TILJ, 25 EH- LTV 57,
39 K)& R L, 20 KERE CTo IR AT 723 R AT Tapel0 TIEHAD LTW5, FEMIZemimid HIT 5,

T TWd, Fexld, insiu JEIZ X > THEB S Nb
NYT DB Cut—AMOMgB, B &FIET 5 = & T, o + + Tapel0 EO |
BRSUETA L J, < 0D & L bIT, J, OBERAERS j¢ : ngf{lol';o
PR KX L 252 L LN L], AR, ERR q.‘. 42K = = Tape6 FO
PR TR JAHEAVE BB SIC K —7 0 MgB, b1 Slaldag, TN
DT, AR EER RS R DN D E T, = '-,::AAfjffii‘=“
2. RER 2 10°P 0 Tee,, trellE
B RIRAERE 0.8 mm 0 MgB , 0 ALK (Wire) 2 bt < %% Teel,
BROT AT M 6, 10 127275 £ 5 CIEIEL, 2 ot © 2K "
% Tape6 . Tapel0 & L7z, MgB, D7 47 AL D o’ g
P A X OT AT M& Table | (3T, 7R, T2 °
RO O TR LR 1 o 72, 7 — ZHICA LT 10° > y 6
FTHRNCRER 2 M2 72 & & & O, TELSAICRER 2 &M
ol &% FO & LTWA, J-BFFMEIE SQUID BiJifh2 A g 1 A7 properties at 4. 2K and 20K
N ELRREAIE D BRI L 72, L
42K 25K B=11T]
6r e o nondope °
Table 1 : Specifications of superconducting filament e o SiCdope
in each specimen. 5L
speciment filament size [mm] Aspect ratio E 8
Wire ¢ 0.421 - ; 4 . .
Tape6 1.238%0.116 10.7 R
Tapel0 1.476x0.097 152 3 :
3. FERRURH Al ° o
Fig.1 IZ42K & 25K D J,- B ®tha "4, JEIE L7-#}
MHEAB I, J B EL, FO XY b EO A8 J, 1 A 4 T— 7 T— 1'0 T— 1-3 T— i
DENZ &0 D, £, 4T Tape6 T—FR X2 J, N ) )
aspect ratio of superconducting filament
"o, ZhUL, EIEIC L > THE R KBB4k S vz
ZEIZED, By O EEE U HEEOR L EEZ LN Fig. 2. Aspect ratio vs. J; normalized by o (1 T) of wire
%o Flo, MgB, DHERICEFIEN D Z LD, JEIE at 4.9K and 25K,

WK o TREBDBLIE DM Eb B 2 Hbivd,

Fig2 I UMD J, (1 TV THEL L= S, £ 71T Ay  BEXH
rDOT AT NEOBRERT, ek, oIz ) v [1] J. Tanigawa, et al.: Abstracts of CSJ Conference, Vol. 82
R—7 MgB M OFER bR T, 74 T AL bOT A~S (2010) p.160
RMEDHEINZHE- T, J/J (I T)bRE ML TN,
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2P-p25

MgB; (2)

Al T—TEIREIZERILT- MgB, BIZEEED X

Transport properties of MgB, superconducting thin films on Al tape substrates

KA S, HEE R, ORE TEREEARSY); T BRERGTRRRSE), S Tkt (B VL B R
Y E, L FakECGRAE R
YONEKURA Kenji, FUITYOSHI Takanori, SUEYOSHI Tetsuro (Kumamoto Univ.); DOI Toshiya (Kyoto Univ.);
YOSHIHARA Kazuki (Kagoshima Univ.); AWAIJI Satoshi, WATANABE Kazuo (Tohoku Univ.)

E-mail: kenji@st.cs.kumamoto-u.ac.jp

1. [FC®HIZ

MgB, B8R, &R R AR HFC i & Ol FUR
B T=39K 20 LT, IR TR S ITmE ]
BECTHHIEND, EOFEALIZHFEAF 2L Tna. L,
BUE P72 ES 5 1 T2 Powder In Tube 751282 MgB, #
[REM T, REREEREE J, 30N TELT, £
TSR D J, DWDEHKE. MgB, HFETIEE W J 2855
NCNDI2, I T.Lo9 W4 B FE R I MgB, Wil
VERL 22 & THITZ 72 MeB, 7 — 7 (ERL S I RS L%,

AMFFETIE, RIRKEEO —FE CTHEMEV T, M55
BB — LR E(EBE ¥5)[11& AV T Al E Ak EiC MgB, #
B2 VERLL, J, ORGSR, B A R 20 E Lkl
L.

2. EER

EBE 7£% T Al 2571 MgB, il R 7-. 18
L7z MgB, HilEDOZNENOIER A LD T, % Tablel 12
Y. ATORBIOREL 250nm Th 5. & TORBIOM
FeiE, B 2S@RICIERLL TR, AIS0 D& B Sy 7 @2 Y
SHTWD. 23U, MR B IBEIOEA, mls TR
JVESNTWENSTHAH[2]. VERLL /-, @B %
HWETDOIC~A7aT VD F— TN T LT, M1
EIZL o THEREZIEL, BREMEL 1uviem LT U,
HIRTE LT, FTe, J, DBESGHRIFYE, S R E T h
EHEHI L7,

3. ERHER

Fig.1 12 T=10K (Z51F 5 MgB, #IED J-B FitEa ~d.
il e BT 7 AN EIANL THsY, Al139 & A150 /X 10T £
THIELTWS., HEMSE O J, 1%, &b A0 T
9.45x10"°A/m? &EVMEATRLTZ. F£72, AIS0 13RS Thik
HEWJERUIZN, 7.5T LLEORIS Iz J MK T
Lic. ZOZEnh,  AISO IZITAREES TITiR e =22 1%
Fon, @i <l AICEOIERNEL R =0
T —PIFET HEHERIE LS.

Fig.2 |2 T=10K, B=3T T J-0 Ktz =9, HUINBLEE A &
1£0=0°T B//c, 6=90°T B Lc L72>TW5. =90°TiE, &'—

Tablel MgB, samples

AUBRA R AR Mg:B T ANy T7E
Al32 280°C 1:225 25.1K
Al36 250°C 1:2.18 243K
Al39 265°C 1:224 315K
Al50 280°C 1:2.18 316K B

7%

IFEAE RENZRN. ZDZEND, Al Hifk Fic/EfL 7=

MgB, FIEIE, BRI EIC/ERIL 72 MgB, #IRIZ -,
FEEMEMN B FY B2 ENbnd, — ), & TOREHZE
WTO=0°(HI TT7 B— R TRERE—7Z2HLTWDHIEND
N5, ZOZEFETORENT cEHBIE U BIFEL TAZE
AR TS, ZIVET EBE {ECIERLT MgB, HIETIEE
T’y = 72— U CREERRLRDMER L TnaZen
B[3,4], 20 ¢ EFHBIC TSR THDHEE X BILD. 3
FTIL, SHICERBIE S )8 B ORBSGHRAF 2 E D HIER
L7z MgB, HIEOE Y = 7 it B 52357 E Thb.

<

—_

\U

-—2—Al136
—0—A139 7= 10K
—v—Al50 B//c
P

PR T TR (N SR NN NN
0 1 2 3 4 5
B[T]

107

| T IS '
6 7 8 9 10

Fig.1 Magnetic field dependence of J, at 10K for B//c

1010_

PRI B S ST
30 60 90

120
0 [deg.]

Fig.2 Field angular dependence of J, at 10K for 3T

EE P

[1] M. Okuzono, et al.: Appl. Supercond. 15 (2005) 3253

[2] K. Yonekura, et al.: Physica C in press.

[3] H. Kitaguchi, et al.: Appl. Phys. Lett. 85 (2004) 2842.

[4] M. Haruta, et al.: Supercond. Sci. Technol.18 (2005) 1460.
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MgB; (2)

ERMEISICE T D MgB/ LY DHERE > =2 %t

Pinning properties of MgB, bulks at low temperature regions

A B, AT R OLTR); A BAGRCROR); w8, 10 Fuldk GRAER - &0 ;
KIUCHI Masaru, MATSUSHITA Teruo (Kyushu Inst. of Tech.); YAMAMOTO Akiyasu (Univ. of Tokyo)
AWAIJI Satoshi, WATANABE Kazuo (Tohoku Univ.);
E-mail: kiuchi@cse.kyutech.ac.jp

1. IZC®HIZ

MgB, O i S i B R 1 E R T R AR U N 72
CICh 0 REBLEED Z LN TE | Fr TS BRI
DI FETR B FER RN I E R CIRMA AR TH Y |
B4C X° SiC ORIMIEN - SR 2 "7, 2 B
D—%& C EH#LL MgB, fifmlcOTHa b2, fimi®
FHLZLICEDae— L RAEENRED LRI
EREG RUBE R By, SN 2720 CTH D, EHIZ, ZOUT
IR E = TICb W BE2 52 52 L0 b, WAE
TRBEEE FIZ oo 2 2OFLICL b0 EEZ
b, £i2, MgB i3~/ F Xy v 7 THHEDIT, &
TRFEREIR & 4.2 K UrfE ORI EEfEIE CRIR B = >
R R D BN D H[1]. LR > TRIFFEETIE, C
AN L 72 MgB, OARIREE | i SR sEI i E R L, CIRngh
B By EENERE = TR S0 ko [c A b
2D DNEH~T=,

2.% B

HBHET S —2HF & LTSUS316% 2 HW T, 2B L
5PICT (Powder-In-Closed-Tube) £ TIER X 4172 MgB,/°
T ARTR]. BRI OB IT Y — A 2 BV R e, Al
IEB4C & SIC AN L7=22DMgB, & iV iz, 25030k}
DELFLGANT: & SQUIDEE /13t % Fi O T2 il FURLEE T, % Table
UZRT, F£7o. MRS RGP TR
HBIRE MR v 2 — T{To 72, WRBMEEIIEE
< 7 % NI8T-SM) & 5| & $h = B L& 5 2 F v iz
E BT E 2 SRS 72, F 72 B EE R B Bo(D) 1
20T-SM%Z W T, BERHF OIPTRRIED B3R DTz,

Table 1: Specification of specimens.

Specimen Composition sintering T.[K]
condition

#1 MgB; 5(B4C)g.10 850°C, 3h 354

#2 MgB, 5(SiC)g 20 850°C, 3h 35.5

3. BWRRUEE

Fig. 1 ([ZHWALRIEN RO R BIRBE J O
BPE F, DA — VA 2R, fEshid e )% R O KB
Fpmax VC“\ *ﬁﬁﬂi ]:O‘/jj%};fﬁ)fg k f&é’ﬁ?ﬁﬁf%é*ﬁ
WA B, THRE L7z, 20 K TEIZBWL T, 2 ook
BrE b RENT—oODMFRIZ A —LF5[1], Lo LR
BEOIKTF & TR ey = Z RN L, 20K TY
BT R HRRALBEAR b(= B/B;) = 0.19 Tl K & 72 578,
42K TiEb=011 L7en, TIZZ OMMIFH TIEE VA
FHTL20K X h=0.19 TRATHDHH.42K TiE bh=0.092
L7rb, TNHORERNS C IRINTHIREMFEKIC X VR
RE = TRENR I > TWD T E b,

Fig. 2 12 40 K DEFTLOED 90% & 72 HIRE TELE L7
G Bo(T), 10% & 722 D IRE CTERE L 7= AR Al i
B (T DR ERAFNEZ RS, o, KPIZIZZEREILD
B OERBIE AT, DRESFURAFNEZ T, 2 ORERD B g
A E MR B BN TII#H2 D578 By & BPlIRE WD
Enbinsd, —HT20K L0 IRVIEEEIRIC/RD &, #2
D By 1L B BB TW SRS 5, Zivk, EBE
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AT, DEEFURIFIEICB DT ORI T, #1 IZHTHR OfF
FUEIFEN RE S R THEY . BPARELFDH LTNA
ZERNND, PRI RS HAT O,

Om
0
Fig. 1 Scaling law of pinning-force density of specimen
#1.
20 T
15F ¥
Z10r b
a1]
5r , 1
Bc2 Bi
o A #1(B,CiN)
® A #2(SiCikxhn)
00 10 20 30 40

T (K)

Fig. 2 Temperature Dependence of B, and B;’. Inset shows
the magnetic field dependence of AT..

S5 Xk
1. M.Kiuchi et al.: Physica C 445 (2006) 474.
2. A.Yamamoto et al.: SuST 17 (2004) 921.
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Y SRR

A RE123 ¥ O~ )L{E D&t

The coil of RE123 coated conductor

A OE, ILIE RE, (U e, KAE B, FUR OBERS (ISTEC)
HOMMA Hisao, YAMADA Yutaka, YAMADA Yuichi, OHKUMA Takeshi, IZUMI Teruo (ISTEC) ;
E-mail: h-homma@istec.or.jp

1. ZLoIc

RE123 SRH OBEERIG AT, B ERSE DT (1) 23 LAD
2B AN % 20~ 60K ERE MR E S D, ZH LTl
BIRERH TOANN DI T FBRETRDZLT5HED
R L EIECHD, A1), 50m #% RE123 #tbf & FAv
ToFH =% aA LV CREMF ATV, W EEGREIC
FELEGRAEZEBZ R~ 4L, SMES, [Blfigs, £ —4%
TOILVIEHNE Z5ND MG TRV —ARNT v 7 TR D=
ANVEARRL | 20 [FEPE, ZEVE, BUREREEZ T,

2. HABRUEFHEAE

1) #441%. TSTEC #4 TBAD-PLD #h4 4 L 7=, #RiZ Smm
RIS —YCTHIWr L, JEE 30um @ Cu A v ¥ & L7z,
I (@77K,s. f.) 1%, 430~460A/cm g TH 5,

2) A NERER - FEEo 100m BRI L0 SEE O
162mm X EARE R 312mm DL — ATy 7af ) TREFs
IR LTI 7=, B80T 140 #—2 T, BT M DIEIr T
9 40mm ThD, AV IS ER A BLE L, GM 5 i
DARERHIT 30-60K IZRFF L., = A vD [, G ERENR
1, [R2]1&WE Ui, 7z, BgaEx imcsliil- 5729
I A VNEBICITE M T 52K 20 F—r@Ice o7, 1,
I ABEIZ — ERFF AR L Ca A ViR Ve 28 15
THEWE LIz, 2B, 1TTKDAA LD [ (0.1uV/cmiE
Fo. TTK, s. £.)1%95.8A /5 mli§ TdH o 7=,

Flo, BREWTMOID, a4 ANnbE0 L= R
VM E SR OBYRE G 7=,

3. #R

Fig. 11Z 100m fefipt 2~ 722010 30-60K O I, %759
(EFEIE. 0.1uV/em) , 60K Tl 245A/5mm i, 50K Tl
293A/5mm fEC n fEH 4 28, 26 L EVMEZ R LT, EHIZ
BE2ZTFF5E, EKERNDSOHLEET 40K Tk >
500A/5mm 1§, 30K 72 & >2000A/5mm MELL b o> FHH 12 i@ il
MHRIAENT, Thbbh, 5% D RE R 246 - 72
BEm AN X A HEIGH Tix, 7720 O KB TOBEN
fEH. &itTx 5,

WIZ Fig. 2 12 60K (28T B[R =A /L O E g ARG Ra
R, BRI R A it RS R I A L DI A
BV, ERoTz, BEERIA R ITHECLTHNE, 2o, —
TERERIRIF L CEIE LR ORRIZ LA R7-, Fig.2 (TR d X
T 193A ETIEREIAVETE VITLEL TODHR, Zi
DI E(ZZ T, 193.1A) (27258 Fig. 2 @ “A” 1ZTX9
I EBMEAFLTBOTH, V, S EFR L&, gk
IZE ST, ZOREOAVENHET V1% 1.4mV TR ET
BB LT=E R 0.07 u V/em THY KWV TR
ENRAETDHIEN DT,

BT, BB AR EIC5720  KaA L NEE
I LT, ZOE, Fig. 2 (RTIIIC, L DD Efl=
AT IS DENNIEED 1~20 2 —2 [ V) TK
EIRBERAEDRANCAET TN, ZOROIRRAEBE Vi
X LIV Thotz, T72bb, ZOMIKIIEREROEL
V, Ao TEY, BB Bhosn., Thbb Lo
ROWHNEENOEZ > TWD Z LR bho Tz,
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BREOEERHBR T, M O R g,
M B O AR X 2 3 RE & A AR T o JE5R
B2 bLlE L7228, WIS KREREN RO, T7hbb,
BGREEE, EVEEHMEIC BV T, FARR A BEMUIR BE Tl
2 FEEOMERICAI LT — 2 2 A7y &gz
ZEb bl BRI, AT LMER., BEREOM
FIEEMTY AR S,

4. F&H

B [, 0D RE123 BZMMIC LD L—A M T v k= AL
D 1 B ERFERBR ATV IR 2 &b o7z,
1) AR TH . 30K-60K T 2000A-200A/5mm HE D & £, O3
BRI TE D, £, nfHELR 30 OFEWETH T,
2) BBERBRE 60K TIT o720y, @H OMM L OER X
ARV 0.1 2 V/em DOFELET [ ORI A /LN EASIE
STNHIEDRDINST,

B

(Bk) HZo/AWIERIZIZ oA 0k - 3tz L CIE
&,OREELES, AR, A4 v MY U LARBEY
EIES R T e Y27 b O—E & LTNEDODZE
FEIC LV i L7=b D THD,

2500
T 2000 x s
§ )
= 1500
-
s
< 1000
]
T
‘@ 500
8 - "\-\._.-\_
o L .
10 30 50 70 90
TEST TEMPERATURE(K]

Fig. 1 Temperature dependence of Coil /.
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Fig. 2 Thermal-runaway test at 60K by refrigerator cooling
SE k-

[1] H. Homma, et al.: Abstracts of CSJ Conference, Vol. 82
(2010) p.153

[2] K. Tasaki, et al.: “Thermal Stability of Conduction-cooled
HTS Coils- Thermal Runaway Evaluation Tests -” TEION
KOGAKU 40(2005) p.404-411, p.412-419.
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Specific heat and thermal diffusivity of YBCO coated conductor
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Wioe AR FEROUNETD; LT 3745 KiE &, R @ (STEC)
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YAMAMURA Yasuhisa, SAITO Kazuya(Univ. of Tsukuba);

OKAMOTO Hiroshi, HAYASHI Hidemi (Kyushu Electric Power Co.);
GOSHO Yoshihiro, OHKUMA Takeshi, SHIOHARA Yuh (ISTEC)
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1. [ZC®HIZ

B E IR OB R TR WO TR 2 E M O REARIE AR AT X
Thb, YBCOMMIZEAM, Sy 77—E . YBCOE B LU
EALALSEN B2 52 i IEE AT HZ LML EEDIRD B
UM EALCIEAew, Fox 1T 2 [ OF2 TAgIEIE R H 70 %
SHEIHDYBCOMM OEMZE R ZHOWTH A L[], 4 ElE
YBCOMERS D LBV E 7 U 72 e B BV SR 5 JLUREE 572
BLRCRE WA 35,

2. EBAE

YBCOMH IZIBAD-PLDIEIC XV (R 7 27 7 TS -,
YBCOMM 1T NAT B A K (JES100um) , Ny 77— &
(1.7um) . YBCOJE (#J1.5um) 3L O AgfE (JEX20um) Th
RENTND, ZOP 7 N EYCC-Ag20 L IFE5, JEE300um
® Cu i Z B0 1413 72 YBCO # #1 (Ag J& J& 1% 10um ) %
YCC-Agl0Cu300& M5, iz, NATuA KR LI \yT7 7
— A& E LTV 7 L (Hastelloy+buffer) & F & U7z, Fh#h
IZPPMS (Quatum Designtt:) Z N TEVRFIVE CHIE L 72,

3. ERHERBLUER

Fig. 112YCC-Ag20, YCC-Ag10Cu3003% L Ot +3 7
7— B OO ERFEZ R T, 3F OIRERTE X
E[RIEE THDDBHHEN DTN 2D, Hastelloy+bufferd
BT AN AT A DO SCHME[2] I EE— B LTz,

YCC-Ag200 bt #4458 0 b 24 (SR % FV TR B
HILEFRI T, NAT AL AgDE FEITENENS8.89 g/cm?
BLU10.49 g/cm’HIFIEELL Ny 77— B LYBCOJ&E 1&4th
DORBIZHERTIEFITHENZENDENLOF 51T ETED
LREL, 20 EE, YCC-Ag200D ELEL ATYCC-Ag20) 1 E ¥k
X TRBHHID,

AYCC-Ag20)=
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AAR[3]% HIWNTHEE L 7= YBCOMAA D LL A B 13301 i il &
BUW—#A R LI, £77, YCC-Ag10Cu3001Z2U T [Al4E
DFE RSN, TE- T, YBCOBA D BT L7 &
b SCHREZ IV THEE T 28N [ RE TH A Z LD RSN,
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Fig.1 Temperature dependence of the specific heat C(7)
of YBCO coated conductors (YCCs) and buffer layer
deposited on Hastelloy substrate.
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Fig.2 Measured and estimated C(7) of YCC-Ag20 and
the reported C(7) of Ag and Hastelloy.
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Growth of Zr—-Doped YBCO Thin Films by Fluorine—Free MOD Process

PRI JnZ, RS
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B Jo BMELNDHILND, MELS B8 ewE
Tho, LinL, BEOR EEEbIiZ [ PMETTHEWHE
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THHWIRE 1D N2 b T DR T TND, Zi
FC.7vEEFSDN T AT BT —R (TFA) ZFUE LT
WA By R (MOD) & WA K 7 e AIcB VT,
BaZrO, F~ /7R 2 EHITE AL, /L 23\ EL72EWHEDN
B[], AFFFETIZ, B RRFFIC 7 KB LRI ELIRNT
F7V—MOD {EIZ Lo TERIE LD YBCO JIFEIT,
L./ Z&h ESE5282 B CERE T,

Ir R —7

2. EBRAFE
v 7V —Y-Ba-Cu ¥, BEFRLE A I IUERE 97550
BRIZIL RIRR D IE TR L 72, Zr iR, R K2R &
THEMET, BT VA= AE x5 ETRI/RoT, Zr
TRINERIRIE, Y ISR LT Zr DFLAF R 1%L725 X 75
L7z, YBCO D XF Ly Ll RAET LI/ Zr 238
AT 57012, Fig. 1IRT X572 Zr Mg LIETRIN)E 2358
(A L= 2 E (RBE R A R L 7=, Zr IRINE IR 22210 E
FHIET, R DOENR Zr WREEZFRETL 2, FBIT
LaAlO(LAO) & AV o, AT B K OMIBE R I IFAE 3 — 4
—. Ny IVFEE R ARBERIC IIRE SR 4 E A I L 7R
IR XU A IV, IEIELITK) 500 nm (2R E LT,

3 WRBLIUBE

20 X MEHTHIE IS

TREE, BROFHFEIEICEDRIE LT L O, Zr TANE A

Z7~9, YBCO OBELIPEIE Zr U INEIE DI E L6 I HFH I

T U, — T 1 Ze JERINOFAELTIE 1.6 MA / cm?
TohoTem, Zr B E DR EEHIZ . DSHEMURINEE

#7330 nm T 3.8 MA / cm® &78o72, SHIT Zr BINEEAHT K

Fig. 2 12, 6— BIF5 YBCO 007 £"—2 D
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KAJIOKA Tomohiko, KUMAGAI Toshiya (AIST, CIT) ;MATSUI Hiroaki, MANABE Takaaki (AIST) ;

IGARASHI Kaoru(CIT)

SHDE, L AHKR T U, BRI Zr IINEEAD 30 nm (2
BIID . OKIT, YBCO OF MM TR TE220, Lo
TAMFZEN D, 7v3#E7U—MOD #ETIERL7Z YBCO IEiZH
WTh, Zr R=7 DR 1k ) ORI A B Th D AT HE
PERRIBE T,

Zr—doped F

undoped
Zr—doped

undoped ’

LAO

Fig. 1 Schematic view of the Zr-doped/undoped multi-layer

structure of the YBCO precursor films
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Fig. 2 Dependence of XRD intensity of YBCO 007 and of ./,

on the thickness of Zr—doped layer.
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Influence of AC transport current balance on AC loss
in two layered polygonal YBCO assembled conductor
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FHRAR RS — 7 L OB I B W TR LB ER A T
DA R OB Z TS5 2 &3, BIRES—T L0
PEREM LD DB THD. Fox ORI L —7 Tl
HEZ AR E YBCO 565K D 2 jii i RAR 5 % 52
BRICE VR LTz, AFETIIZINE S HICRE S,
fihE L7z & & ICRIBEEESERO NG IS E
WD INT v AN RFFEIC G 2 5 532D\ THF
fli « BFTDZEEZEMELTCND. TOD, —BA
AIERLE YBCO EAEARAER L, FEBRIC X 0 M 21T

>7z.

2. AIEH T ILDERB JURERAE

X112 " EANABEE YBCO EAEROMH % 7~
MU RT L 91T, ANATKD GFRP ORI A4 R FEEE
Z 0.5mm & LT YBCO MMZEEL, ZORMEIIES
1.2mm @ GFRP Z#, Zo_LICAED YBCO #ibf Z il
BL7Z. K20 X5IcAsNEENZEN D YBCO #b &
AR FIVEEY — R —7 % EXE % 50mm & L
THEUE L, DU iEIC X 0 RiRiEER A ORE 21T 7.
EAEROBEE S EIL, SRMICENZNIEET 5 Bl
WA (Single) + T O % B FIHERE LR G AIZEE L
7= 31t 5136 FE (Parallel) - NAME O & 28 HAZ@TE L 7= 48 H.
BT (Anti-Paralle) & L, Z D & X OARFRAEK O 21T -
7. I 28R EHNCAHE EANEOERNT A%
TAL S H 7o & & ORI KRR EO RN A 1T - 7.

3. BIERRLEE
X 3 |[ZHH - 375 - A2 HARER O YBCO HEAEIAICAE

Inner layer YBCO tape

GFRP rod GFRP plate
Fig.1 Arrangement of two layered YBCO hexagonal

assembled conductor.

S0mm

} Spiral potential lead loop

YBCO tape
Fig.2 Schematic illustration of two layered YBCO
hexagonal assembled conductor with attached spiral
voltage potential lead loop.
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U % 28iida g g, fitlh 3 A Bk 2k D A iRk,
T E B O EEEZ R L TW5. BAUGEER & b
#2 UIE SR BRI X AR e 3 8N, 28 AL BRI L2 13
DLTEY, BEEMNMEDHMRORELZ T T HER
JHEENZL L TN A Z &R bnns.

K4 lCHNE DB NT v A B S/ &2 0ES
ERERICA U D ARMERZ R, ftll A E Ak
DORZFRARIE, HINE &SV IS D BIR O R %
RLTWA. X4 kv, NEBIZHEND ERNSESERE
RIZIHEN D BIRD 54~58% DI AL D /M 7 »
TW5. ZhiE, SEHEMITNEBRAED R DB A%
FBD, NIEORMIIANE ORR DB A Z T N0,
S &N IR B & T & S ORI U DKM
KELRBEDTHAD., i, WEBORMOARTEREZ
ML, AEOBMICHEN I EREZWSTZ EICE0E
BEREEROBEE DRI KNS D2 ENAETH D
ZEERLTVD.

F=60Hz

t

Transport current loss Q (J/m/cycle)

10 |- 4 Single

® Parallel

A Anti-Parallel
10°

600 720 840 960
Transport current Im(A)

Fig.3 AC transport current loss &, in two layered YBCO
hexagonal assembled conductor are plotted for the
amplitude of AC transport current /, in single, parallel
and anti—parallel modes.
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Fig. 4 The AC transport current loss €, in two layered
YBCO hexagonal assembled conductor are plotted
against the balance of the inside and outside transport
currents for total transport current Z,.

84 20114FBERFIR 147 - WEES L



2P-p31

YBCO M= 2 AMEELT-

HTS e

BERDOZFIE KD R E R VHIERT

Measurement and Numerical Analysis of AC Loss Characteristics of Polygonal Conductor
Assembled by YBCO Tapes
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1. [FLHIZ
YBCOBMITBIZEE DOJE S 3D T/NEWD T, 584
WCHIEWIE O r — T W2 d 5 2 E N TE L, Rk
VERIEICIEA 5. L L72Rid D, YBCORMA % 2 g 2 /%
A TN =TV LTSS, WA HE LY 2 A2
RV BMEICEEREARF v o ELENT, FHIC
FORHEBEIENTITILE-TLES ZENBEEIND
ZD XD BRI I OX ¥ > 7 LM OIR
ICRE ARIET 5. AHFZE T, ZAFERICE T B2
M OX ¥ > 7" L ZFEK & ORRETIE - BAEAET
WX VR L, ZNOAEFROZ Y E RREE L 7=

2. BHETILRVBIER X

Fig. 1 \ZT7—78M &2 LAFICEE LT-5E O HHE
ST £ TV Ao g, AR ST X — 2 TR
LT O BIR & 723,

(R +d,+d,/2)tan(z/N,) i v

2cos(7r/Nl.)+ 2 M
Z 2T NATRMI AR, WITHRAMIE, g 35 i J8 O
MX Y > 7, RIAXE i HONEERE, d), do (38 O 5
EOBIRERBOES CTH D, 7F—T7 VNI OEREE -
BR O BT L 0 sRed, 7 —T O HHRK
FRET D, T T AV OFINIIITREN TV D,
Tab. 1 IZHIECH T L7= YBCO #kt s 4 R74, Hl
ELAH U 7=8411% Super Power 180> ¢, O T® %, Fig.
2B WS v T VRO & 3, WiE S 5
TEX Y 6 IR GERP B> 7 4 )V & IR % [ E
T %, MOy~ 702+05+1.0+2.0 ¢ 4.0mm DZF
NENZKNET D7+ N E 2 HET S, £ OFR—O
EMAEPRT 72O, ERY — NI LT d 5, &
EFHD =D D AL T — Rb—T 132 TO/RIIC
B 2 Cngd, SBMICED 7234 70 ) —F
M=%, MOETORMEZIRY i X 5 ICEiET 5,
AR DA ST T v 7 A VT T T D

Transport current

Substrat

Superconduct

Fig. 1 Numerical model

TIEEAWD, Fig. 212737 X 212, iR ERIzIX

Tab. 1 Specifications of YBCO tape

Tape width W 4 mm
Thickness of substrate 0.05 mm
Thickness of superconductor 1 pm
Thickness of Cu stabilizer 0.04 mm
Thickness of Ag overlayer 2 um

— 150 —

Spiral voltage lead loop —_,

No.1  No.2

Fig. 2 Sample conductor
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LT, SMOEREZY 2T 5, ZORET, &
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3. AIEERLMBITHEROLLE - 15T

Fig 3IZHIE K& O 7> 515 b I 28 iR e 2 = 3
BRI v > 7 AV S WIGAITIE, RV RIFIZIH
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IMOPKOARFAE) 12iE5<, MMEX v v 72V h&<
b L, v v IHEO B SRR OE Y IAZ I S,
RN D BB RS A3 U, BE U EIA
HARHAERMEBEEND E WO FENHETX 5, HlE
K OFAEfET OfEFIF R R —F LTk, JE - fiF
MritiE ORLGEDRREETCE B LND,
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Fig. 3 Measured and numerical results of AC loss
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Characteristic Change in HTSs due to Temperature Rise
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HATEE A 2 HE RIS DB, ol TR
AT AR EFR R E DTS, J)iotc&&fi%ﬁa
BRCIE, #6128 100°CEB 2 DI miRicSbENs 54
HY, B OIE FARIC K T AMHEO T — 21X L - L
EMIIEFICEETHDIEN 2D,

T TH &I Bi-2223 #4464 3B X O YBCO #hf %16
IRAFTINEAL, IR O 1-V k() A el L=,

2. EBR

FUBHERAT ELC Table 112779 Bi-2223 #i44 & YBCO #t
ENFI 24 AT OME L, ERICHOWZRTIREL
118°C, 135°C, 150°C, 185°C, 200°C, 250°C T2, _mmf“
DR, BEE A VEYWERZ WD R F O IR
JEWNEIENS 200CRETHHIE, NUABENBRIE
120~200°C THDHIEITLD, ARERBRTIL, B Z 10 4
M CHEEL(—EREEREE), IREEZ T A—F LU TRMERE
i =y

FEERIE, 1IZUDIC, BEERM O 1 2L a9
10(100)&3”60 1, JE i TTK R RREDH TRBIOHE D
W, 1w V/em HEUETIT -7, RIS, Bi-2223 ML
YBCO B EENENOXI— M ERF Iy L, 3

A B R A B E IR TN EA T B, THIR A
PIVELEE VR IR 123U 725 Bi-2223 #4435 L0 YBCO i
MEHART S'yT D, By 105 TH U7 /UM 2 L
DHL, Bi-2223 #4F & YBCO it D5 BN 2 K& =R
WHI(ZEW), FBOD 2 Kexi ) — ) TRIEL TR El (B
95, Wi, FRABREO | EEFHAL, 1, L35z L
THREL T /1000)5'5135( S Ct%& B)AFHm L7z,

Tablel Specification of HTS samples.

material Bi—2223 YBCO
manufacturer Sumitomo AMSC
process CT-0OP MOD/RABITS
length 100[mm] 100[mm]
width 4[mm] 4.4[mm]
thickness 0.22[mm] 0.22[mm]
[ (nominal rate) 140[A] 70[Al(minimum)

3. R

Bi-2223 BRI OWTOEERRE R4 Fig.1 12, YBCO #ip4
IZDOWTOFERFERE Fig.2 [IZRT,

F9, Bi-2223 A IOV TIEA [RIFEBR L7 iR fE
THHEEERMEICRERBITERI N7, ji,
YBCO #1222 T 200°C TN 1B T A3 R
220CIZBNTIE [ BB EZE 10K TFL TS, 856
25O°C(245°C)T“biﬁa?§ﬂ<ﬁ5ﬁ>9€bhtc £z, WEIGIED
ENZ L DB EG RO K& B RITHER SN2 T2,
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Templeture[C]
Fig.1 1./1,,-°C relation of Bi-2223 HTS tape.
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Fig.2 1./1,,-°C relation of YBCO HTS tape.
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A EIDFEERIZ XY YBCO #4413 200°CHiT#E CTHILDAELS
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0 53y LAPICERE T 2572513 200°CLL F TITHO LN HDHEN
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FEHFHAN TSRS 2D > T2728, 200°CLL 12
BNV E N LIt E BT 58 205, £z, (&8
A E2m OB TCOME LR LI KRE R L S
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IROBRFURE LD TEIRIEZ PR TEIZEWV R 5,

At (DBi-2223 - OIFER EE Rl 072 250°CLL E
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Magnetization Characteristics of Arrayed and Stacked Bulk Superconductors
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JEREED Fig.2 EVHINL T\, 1E H DA T, BEv &9
2V DEEFAT T CREFE E D BE N (A FR) E72HT
WIS DA T3, 3 JEAf & TIEE D L7000 ) Eh
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fEIE-100 mT LANICILE-TRY, BEsEs2licky~A
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4. FEH
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NI &L TITRT,
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Fig.1 Arrayed and stacked bulk superconductors
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Fig.2 Two—dimensional distribution of magnetic flux density
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Anisotropic permeability of magnetic metamaterials with superconducting strips
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3. EfRMIRIE L E A MBI
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BN CEH A T2 81080, TR BB
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— 05, SNERRESS A B ARG AN 7 DG IR T AT (0 7
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SUNFE w TN EL72 D, ZHLT, BIREARN > 7 OIECld
BRI AL LY, ERNEREO R EE KRE (1
<< ) THIENTED. EbIT, BEE AN v 7 EARMIC
Bl 452 LI kY, R0 9 5807 7 BRI E R 5
HOWRAZ~TIVT IWVERERL T HIELNTED. ZHLT, B
/A= S/ AR 7 g I N MY <10 5 15 2= =8 e N/
ATREIC725[4,5,6].
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Fig. 1: Cross section of a two-dimensional array of super-
conducting (SC) strips.
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