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Fig. 1 Schematic View of the compact DC/AC magnetic
susceptibility meter.
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Fig. 2 Magnetic signal from test sample detected by SQUID.
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Pressure-drop reduction and heat-transfer deterioration of slush nitrogen in triangular pipe flow
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Fig. 2 Details of the heat transfer pipe.
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Fig.1 Schematic Illustration of Test chamber of He II Heat pipe
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Fig.1 Analytical model of a 2000 liter LLH, tank.
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Fig.2 Temperature distribution inside the tank in accelerated
condition (¢ = 2 s).
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Effect of microstructure on high-cycle fatigue properties of Alloy718 plate
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SUNAKAWA Hideo (Japan Aerospace Exploration Agency)
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1. #5

Alloy 718 Ni @& &L, BAVCHRE —IEMEANT L RAEH
L. VEEEMED RO ZED, B2 - FHEHRICZ ST\,
F&4aIT, ik ry b D0 Ok L ThHE S TERY.,
i 2 DRIEIRAE (BEOER  S1EH | TREM) SCE IR To
T RHET — X OEREBR SN TWD[1], — )7, A4 T,
HU5E B OO I CBVILER SR 12 Ko TIRIR R S i SN 5
CEMHIESNTRY[2], T ORER, AR S F R Y
LIERTREND, AL T, BRIy B2 SN
Alloy 718 ¥iht O & A 7 VI 55 R EIC DWW CRAE ATV, )
— IR A T B DT —Z LD A T 5T,

2. EEBHE

LB 1. AMS5596 (ZHELL CTYESIE LT 2 KD Alloy718
Wi T b, B a B #E ., \MELEL 7205 | Platel 13
1228K T 3.6ks, Ftieht & L-CHV /= Plate2 % 1228K € 1.8ks
DEEACALEREZ 220 LT, £ D%, EH 5 993K T 28.8ks 33
LT 898K T 28.8ks DIFZNLERASEL . B LTz, 5I5ERER
Jr et A7 Vg 97 3B A I, BRE D5 A (TD) IS T IR R
L7z, BIRRERE &1 27 V9 57 akBRi g, =590 (293 K) &k
EFRIRLE (77 K) TITo7z, 5IRHERIL, WO B 4.2
X107 /s DT TIToT=, BV A2V 55 BRI E, JHik
210 Hz OIETLBE A ff B CTITUV, IS 1 kiE—1 &L=,

3. HER
Fig. 1 (I, Platel(a)® Plate2(b)D J¢ ¥ BEMSI Mk T 5,
Plate]l Tl yRIEEDYKT 30um OFMAIERERT 100pum OFLKLIHS
DBUESI BRI DS TE RS T D, 7eds, KB4
BEORER, By T 7SN THAyRiL, [R—hiN T2
VIIANDEACDIHERR S NI ED D RS SRLES 2 B
%, —J5, Plate2 Cli&, Platel (ZH~_TURIFH 7oy H Kk
PELNTEY, ZNHORAERIT 40pum £ TéH 5, Tablel |2
L WD 77 K TOZIRREZRL TOD, IRy LRk E
95 Platel 1%, %) —fHRiyiik4 G 7% Plate2 (ZH~T,
0.2%iit /1. BIRIREE | M OMEAMRNE DD | ZIGHITHER
Z21372\, Fig. 2 1%, WAt D 77 K TO S-N #RKTHD, B
KLk R%Z A 75 Platel D& VA2V TR EL T, Plate2 [ZEE
AT 100 MPa FREEAR N, WL 7-3kBR iy Dk i B2 21T -
72&ZAh EHLHLOMM TH E REBIEHE (7 72y h) 3
&AL, Platel DOEWrL7=3BR A IC DWW T, A E T o
MBS AT oI R, 77y MEHBLICRHSE L T b2 e
WMotz T7pboh | Platel CIIHRLES T 97 S0 A4
LTWBZED AL T, e 97 E R DR AL, FEARIARR R E
WEERNZERHESILTND[3], Platel & Plate2 1358725
Bk D728 | I 352 81T TE720 A3, Platel Tl
FLRLER 5y CTHRENCE RN R AT D720 R L TH—fh:
FRkA A T 2% A L0bIE TR D e RSN D,
SE X
[1] Space Use Materials Strength Datasheet, National Institute for
Materials Science, Nos.2, 4, 5, 8,9, 10, 15, 18.
[2] M. J. Donachie, et al.:“SUPERALLOYS - A Technical Guide
(2nd Edition),” ASM International, Ohio (2003), pp. 94-106.
[3] N. Kawagoishi et al.: TRANS. OF JSME, A74, 743 (2008), pp.
1000-1005.

Fig. 1 Optical micrographs of Platel (a) and Plate2 (b), respectively.

Table 1 Tensile properties of Alloy718 plates at 77 K.

0.2% proof  Tensile Elongation Reduction
stress strength g of area
0y, /MPa 0, /MPa (%) (%)
Platel
(Bimodal-grained) 1,310 1,757 21 30
Plate 2
(Normal-grained) 1393 1816 26 30
1200 ———rrmr——
Alloy718 plate ]
L 77K, R=—1,10Hz |{
o 1000 | ® i
a L Y -
= o ®
o" 3 ('Y ) i
~ 800 R o [ b
= 3 o0 j
2 o *—> 1
s [ i
g 600 - o e
w [ 4
w
<t
bl Plate2 1
© 400 - (Normal-grained) . |
[ Platel o 1
| | (Bimodal-grained) —>Not broken |
200 L L saaaul 1 1 L 1 L1
10° 10 10° 10° 107 10°

Number of Cycles to Failure, N, /cycles

Fig. 2 S-N curves of Alloy718 plates at 77 K.
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Thermal Strain Exerted on Superconductive Filaments in Practical Nb3Sn and Nb3Al Strands
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1. [ZC®HIZ

Nb,Sn FL N Nb, Al BRFF O EE 7 4T A MIAR T
LZEAEIERBROBERTFME A BT HLXICE B
T HDOT, ZOERMNREENEECTHD, Fox TR 72—
LZEVEGE DIRFEARTAVE R R ISR 2 L &1, HER
NS L SH BT D HEEZBE LD THRELV,
2. EBAE

B L C R SRS ED 11000 Fagie 7 nr Xk
Nb,Sn #EF 3B LTY 90 A& Ty =) —m—/LiEIZ LD Nb,Al
Wb e, BRIEDOTZD &8 — L% AW R I 3R
1T 577, J-PARC TAKUMIIZ 3B\ CERUE Cak 4 Nz
DOEE DI % Spring-8 BLA6XU TIX=RIE THIIEME T
DEOEAEPNE LT, b AR ZEAT C=IR G ER
BraiToTe,
3. EERHER

B HBHIIMHLEBFEIL Fig.l X960 Tho7-, #
AR E(TO DB HISNEBRDICRELE =315
(ZDiEEE step A £9°5) , ZOBETHIERBRH O B &
ZRET D, EOIHIOFBE HWTEIRNOEIR(Th) ET
JNEL T, 2Dt (step B) TOEGEDIRJFERAFIERMEL
7o MNEAD fie iR L1 Th=T00K &L7=,

Temperature

42K S

Step of Heat Treatment
Fig.1 Sequence of thermal history

B OBEIE T 05 A NERT AT EITAE L 9B
T EIZ LMD B DR E72 D, KRB 7 1) (axial) L £8 5
[Al(transverse) D R FTE A GHAIL 7223, A [Blid 3= &L Tl 5 1A
DEEIZONWTELEET D,

Fig.2 |2 Nb,Sn 33 LT Nb, Al 84 Ot J7 ] O FATE O == 355
FOINEGEFE TOZE{bZ R, FEIR TIZ A0 >FED Nb,Sn,
Nb,Al W EHEOE S AERL TS, 2T E S
WEARTER R OB AR A REWZ LIZF R T2, =
IRIZFBITDEEIT Nb,Sn DIFH 73 Nb,Al LD KEW, ZD R
1% Nb,Al OEMIEIELREY Cu BEL O Cu-Sn &4 AT
WZEIZED, RIRDHIMEL TP EEE ITEME S B rd
7oL CHIBRVEADOIZZE LT 5, Fig.1 D To EWHIREE
ZEC U OB E SR AR T2 8E I @ iE TIEs R, (K
IR CIREMEMEC 2D 2D I 7R MER BAGE DR R A B H7)>
(25728, FHREICEVEE OIR R 2RIl L 7=,

ENE O HE T IEOM BT SCEONCH G L722s, AR
ORI THEIE I ORNBaice bW H i
MR ETIN B R DEEE RO DN TED, 7B
TR RETAIREFIP CEEEME Nb (ZHPERIZ, Cu &
Cu-Sn [ XFHEER B 2R T b DOE L CRERE(T o7,

0.1 T T
heating axial
0.05
—~ 0
X
g
<
-0.05
°/® B ND3A
——Nb3Al cal To=380K
B Nb3Al (RT)
01 O ® Nb3Sn
——Nb38Sn cal To=421K
O Nb3Sn (RT)

0.15 : : ! * *
200 300 400 500 600 700 800
T(K)
Fig.2 Change of thermal strain exerted on SC filaments for
Nb;Sn and Nb;Al strands.

B A A X R R SN S e e N R T A e i A ST AN
FEINTWDDO TSI DBIEF AR, B ITHMHETE 354K
RBlZdh D, ZIEMEIT 2 L SRS R° Nb LD B
DFEINSJRHFTIES J1753 8 EVAMSRITIBIEZETE 35, F8610
£ THE Cu=Sn 3@ Sn IR 2> TOH DO TEMEZL
4%, Fig.1 lZ7RLT= step A IZED FBIIRREIZH A ML
TICHMEZETEL COD T LN FHAENDE RS TN D, IRITE
IENDINET B LT OMFEE 7= 8 B8, Mg Z RN
BRI Nb LV KRENOT, BEEMISEEOESL
T 591270 D, EOIZA N E R CIEAisE 7 — 728
JEEEZTHREZBE L, TNOOBEREMAIAALTZT B
7T NIZIVFHRLTZRE R Fig.2 DFEMETHD,

4. FEH

TERDBIREE To LUF CHEMEPEDEGE DS B B S I A i
9 HLELT, To DIEEHEEL TE7203, AWFFETIENb,Sn BX
O Nb, AL B2 L CENE I To=421K BLUN 380K L7e5
ZEEABNI LT, RFHRITIEZ LR 30U 4.2K (T O
IR COBEOHEEIXFTREL 72D,

AWFFEIRZ G BT SR 22 — 244 B LHD G+ 3
RO —BREL CTHEIESNTZH D THD,

SE X7k
1. K. Osamura, S. Machiya, Y. Tsuchiya, H. Suzuki, T Shobu,

M Sato,T. Hemmi, Y. Nunoya and S. Ochiai, “Local Strain

and Its Influence on Mechanical - Electromagnetic

Properties of Twisted and Untwisted ITER Nb;Sn Strands”,

SUST 25 (2012) 054010(9pp).
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Observation of Al precipitation in transformed Nb;Al phase by Atom Probe Tomography
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1. [FC®HIC

PEHGE No,Sn BB AEMA ik, Nvo v =27 047k
DY L BRROMEIIEIT D Z o n RN e
=T =L LTV TWA EEZ LN T WD, —,
Nb (A1) ., IBEAFNE AR D & FHAERE A FR L CARR S AL72 1A
U ALS BULEWIRBIEEIR T D N, AL TiE, [, ERiEOM
RN R ONT, R & dhlor =78 2—0
AREPEDSRIE ST D,

ARFIETIE, FHZHE Nb,AL FHIZ & > TR 72 L1 SOG
IZE VARSI D N AL FRIZIER S AR WBCIR OFEE K i
WCEH L, 3IRTET b7 a—7frc L v, FIZERE Nb,Al
N D Al @b &2 5 L~V T2, AL OfFFTIE. FIZ
& NbAL BRI AN 2 e =0 T e 5 2 D 35
L0 D 5, AMFETIE, FRETHME (TEM) ©b
FRLZNS, filfke v =2 VEMEDRMRICOWTIES,
2. ERAE

3WItT b A7 a—7 458 (Atom Probe Tomography, APT)
IR iREE & B 29 5 IR, MUMEIC BT
LAMP OB HRIE L OE, BET 0Ty A NVEH/DLH L
MNTED, £, T—HINCI D FHCT7 T AZ IR ED
PERTIIHREETH ST IEMESD Z EMAMREL 7o 72,

APT TIFE8ifE 100 nm FLAE D Je i 2 shikatBhc 10 ky 2
EOEEELZEIINT 5, Z0& BRI CEER & 72
DERRFEESG RERDOPMETIR R+ 4 AL LTz
FEPSMEET 2HE) NEAETD, BRARELEA T
2 RoTHR BRI K 0 RRS 25 FRATIFIEBENEIC L 0 1
FURENRESND, ThE 3RITMICHEE TS Z LT
SWIEDR T~ v T a5 ENTE D, Al APT OFRE
Wi, Bl B G HC K O ERILE =0 7 E 0 G
D&M L= OnNTA) GUEHD),

F 72 Z OFEOMIC, AR 7 1 BIFHZERERFR RN
GREL2) &, Br=r 7 Anh TR 2 [BIFEARERE
GRINT) Gkl 3). B2 [BIH OFZEREDRTIC BCC 4H
WL AN Z 72 2 EIFAZERERCEE O ) GRUBR4) 122w
T TEMBIZEA1T o7,

FronboREHzo WTY LA RIRTe—7%H
WEBESR £ T LBEIEEIT, Br=r ZRpEE G,

3. HERLEER

Fig. LICEUBHL 0 3 YTLRT~ v 7, B KM% &
WOSRE T (28. 27ath) &9, Al T 2MCHR O A
FrLTnwbd, ZoOmORFEE 20 nm F2ETHY . TEM 12X
DL SN AHURKIEORIIR L ZE T A &b,
BRI L FESND, ZDXHITAPTIC L - T, FHLEE
Nb, Al FHPNIZ BL 5 4L D A8 K BEiR o L2 1B AL AT 23 8 5
ZENHOMNE o2, Fig 212K REOL B =
VR AR, UBICH D IR, 2R ITAZRED RIS A
L. AR [T 72 FAZEHERT O Area Reduction &3 LT\
5. F£7- Fig. 3121, &kt 1 L v =27 A0 T

WEREE 3 oD TEM 1 % bhigs U 7=, 3k 3 TlE. RRE oy i
J& R BRI AN - T, A% 0 IS R o ISV E R s A
SLHEREEREI NI, bz et MExkRry =27
TNZERLSBEb>TWa X o iclibinsg,

Fig. 1. 3D atom map (left; all, center; Al atom) and

iso—concentration surface (28.27at%) of Al.

50000 —

| —&— Sample 1 (1IR-AR40, M21-3)
45000 — —8— Sample 2 (1IR-ARO, M21-3)
] —4— Sample 3 (2R-AR0, HE2673)
40000 —v— Sample 4 (2R-AR48, HE2673)
35000
] 3D Atom Probe Tomography
"’E 30000
S ]
E 25000—-
Q20000
* ]
~° 15000
10000 +
5000
0 T T T T T T T T T 1
0 5 10 15 20 25
Magnetic field (T)
Fig. 2. Bulk pinning force as a function of magnetic

field for each sample.

400 nm

Fig. 3. TEM (dark-field) images of Nb,Al phase of
sample 1 (left) and 3 (right).

TRRARMIGE O —FRITFRE 21 4R PERE BN ZeBh a2 72 & TNT
RPN 4 RRHFZE (C), 23560379) 12KV F2hi S 7=,
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Superconducting properties and microstructures of
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1. [ZC®HIZ

REBa,Cu;0, (RE : Rare Earth)#fl&{Z35V T, RE DJ+-
LN KEVY SmBCO TlE Sm/Ba B #IZ LD EVARHAE
L. ZOMEEERN 3 Wt = 72— H 2 LT
Bt J. 3 BT AZERRE SN TS [1], £/ BaSnO;
(BSO)¥™/N Sm,B,,C50, (SmBCO) #iIZF:1 T SmBCO
RAROMKEZE LS EDILICED BSO F/nyROEKES
TR BORE Y =0 TR EN K ESEALTHZENH
EINTND 2], ZILET, Fix L IBAD-MgO K4k ki
BaHfO; (BHO) ¥R/l GdBa,CusO, MiEAVERLL | fl i i
X BHO WA FE(LL ., ERAY R/ my R8T 52
LIZEVBESS TR J T 2R LT2[3], T TARHT
JECIL. BHO F/myR&E AL7z GdBCO #FEIZi1 T
Gd/Ba MLEAZALSH | BEIROER K T ay RO

RNIREEASELHLIL T, SHRDBET J, M ke HiEL,

BHO % AL7- Gd,.,B,..C;0, (GABCO) 50> Gd #ik x
AHINS G-3RI L | G R ORI A4 T o 7,

2. REAE

KiF =¥y ~lL—F—&FAiz UL AL —F— K FEIC
XV, IBAD-MgO Hifli 112 BHO % AL7- GdBCO HifiE
ZAERIL 7=, AR EEARIRLE 780 °C. BAZR /YL 53 Pa, ¥ —
27 N-FEAR T REFE 60 mm, #20K UJEEH 10 Hz OS50 T
TITo7, Gd/Ba DOFEHIHEILGIBCO BEREARD Gd/Ba D
R E AL S D L TITo 72, £7-. BHO OWRMNTEX
GABCO BEMERICERRICTIN L U723\ BHO BEfk k% Tt
TRIEET T ERY — 7 NEE O, BKBHO Off %248
{bEEBHZET BHO RINEOHIHAZTT-7,

VEBLL 7= W51 X AR T (XRD)EIC L0l A 4, B
DUt 7754 O OB SR R ORI 21T~ 72, £z, HElEO
A S B 2R I OE R AL E - B TEM)Z IV =,

3. EBRHERRUER
Fig. 1 {2 BHO ¥RINE(2.2v0l.%)— & T x & BN & B 70
DT, ROACBSBICBT S J, (JMN 2537, Fig 1 LV

X ZEINEED & T, KOV 3 E % A 2 75 L

FHEN x=0.04 THAAE T, =89.8 K F X J T =2.1 MA/cm?
LTz,

Fig. 2 (2 BHO #ANE(2.2v0l.%)— & T x Z NS 7=
D, 77 K235 Blle FFBIIxT 5 J, OB EAFEE =
T R GABCO(x=0.04)H L2 TEivy J. A L,
B=6TIZBWCERM Y IHE F,=23 GN/m® & &35
TEWHEZ /R L7, KRIZ., GIBCOX=0.08) i# i 1
GABCO(x=0)H Ml & b9~ 5 & @migdn6 T LA E)TixJ, 2
KFLTW5, £/, J—B I 5 FHREE O/
W551E GABCO(x=0 & (X x=0.04)# I TlX 6 THITE TTH
HDIZx LT, GdBCOE=0.08)# I CIL S TfHre 1T
LS 2o TWD 2 &G, ZHvE TOWE & FEIZ[2],
BHO 7/ By R&ZHE AL GIBCO MEEIZB VT,
Gd/Ba O EELSEI-FICL > TFH /vy KOBE
T OME & 72 EOFRARPEA LT v REMER B 5

Eth J. OBGENRIA ARG Br A % /) — > v T
VG Gd/Ba BHAOFIERCT ) 0y RORIRE R E
BEmTOTETH D,

90 T T T
—- Tc " -~ - - -
- e J * / - S~
L [ ,/ B - ~ \!
u e ” N ~ ~ "] 20L"
v ‘7 v \ &
=, 89} R4 N =
[ /7 7 \ Z
/7 7/ N >
/7 7/ \\ =
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Control of the flux pinning properties on BaHfO3;-doped SmBa,Cu30, films
by changing deposition temperature
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MATSUMOTO Kaname (Kyushu Inst. Tech.); AWAJI Satoshi (Tohoku Univ.);
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1. Introduction

It have been known that the anisotropic flux pinning
properties of REBa,Cu;0, (REBCO: RE=rare earth) films were
depending on the form of BaMO; (BMO: M=Zr, Sn) nanorod
within the films. Additionally, it was reported that the form of
BMO nanorod was controlled by changing the substrate
temperature (7;) during the deposition of BMO-doped REBCO
films [1]. Recently, BaHfO; (BHO) nanorod has attracted
attention as an excellent flux pinning center compared with
other BMO nanorods [2]. We also had reported the BHO-doped
SmBa,Cu30, (SmBCO) film fabricated on single crystal
substrate [3].

In this study, we aimed to understand the flux pinning
properties depending on the 7, of BHO-doped SmBCO films,
we fabricated BHO-doped SmBCO films at various 7, s and
investigated 7 dependence of the superconducting properties
and microstructures.

2. Experimental

The BHO-doped SmBCO films were deposited on
LaAlO3(100) (LAO) single crystal substrates by conventional
pulsed laser deposition method using a KrF (A = 248 nm)
excimer laser. We used an alternating targets (ALT) technique
to introduce BHO into a SmBCO film. We changed 7, from
880 to 960 C. Here, all samples include 3.7 vol.% of BHO. The
resistivity and critical current at various magnetic fields were
measured by standard four-probe method and the
microstructure of the films was investigated by using
high-resolution transmission electron microscope (TEM).

3. Result and discussion

Fig. 1 (a) and (b) show cross-sectional TEM images of the
BHO-doped SmBCO films deposited at 880°C and 960°C,
respectively. In the sample deposited at 880°C which is showed
in fig.1 (a), we observed that the BHO nanorods broke off
during growth and inclined from the c-axis direction of the
SmBCO matrix. The diameter (dpyo) and number density
(pBHO) of the BHO nanorods were about 7.1 nm and 1805 / ;,Lmz,
respectively. On the other hand, in the sample deposited at
960°C in fig.1 (b), the BHO nanorods showed continuous and
straight growth without inclining. The dgyo and ppyo were 13.5
nm and 708 /um? respectively. Therefore, BHO nanorods
became narrow and dense by lowering 7,. Additionally, we
found that BHO nanorods were inclined by low 7.

In order to check anisotropy of the flux pinning by the BHO
nanorods, we discuss the magnetic field angular dependence of
J.. Fig. 2 shows the magnetic field angular dependence of J, at
77 K in 1 T for the BHO-doped SmBCO films deposited at 880,
900, 940 and 960°C. All of the BHO-doped SmBCO films have
J. peaks at B//ab and B//c. It is well known that the J. peak at
B/lab are caused by the intrinsic pinning of REBCO matrix.
From fig. 2, we observed that the J, values at B//ab and the
shape of peaks around B//ab of all films were almost the same.

On the other hand, for B//c, the J, values and the shape of J,
peaks differed among the films. The J, peaks became higher
and sharper with increasing 7;. This fact indicates that the flux
pinning force at B//c of the BHO nanorods in the films
deposited at higher 7y is stronger than that of lower-7; samples
because of the continuous and straight BHO nanorods.

20 nm

Fig. 1 Cross-sectional TEM images of the BHO-doped
SmBCO films deposited at (a) 880°C and (b) 960°C.
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Fig. 2 Magnetic field angular dependence of J; at 77 K in 1
T for the BHO-doped SmBCO films deposited at various
temperature.
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Flux pinning properties of BaHfO3; doped SmBa,Cu30,, films fabricated by Low Temperature
Growth technique at various substrate temperatures
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Fig. 1 (a) cross-sectional and (b) the planar view TEM images
of 2.7 vol.% BHO doped LTG-SmBCO film
grown at T,""*'=750 °C.

Fig. 2 DFM image of the 2.7 vol% BHO doped
LTG-SmBCO film grown at 7,""**=750 °C.
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Fig. 1 Surface image of a Bi2212 thin film.
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Fig. 2 Cross—sectional TEM image of the Bi2212 thin film.
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Fig. 3 TEM image for another part of the film. Dislocations
(//ab) associated with stacking faults (black circle) and an
anti—phase boundary (white arrow) are observed.
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