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Behaviors of REBa,Cu30Oy, powders under modulated rotating magnetic fields
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Fig.1 Experimental configuration in a modulated rotation magnetic

field (MRF).
(@) [ yH,=10T g Sm123
o
$4.0x10%counts 3 o

Intensity(a.u.)

(b)

Intensity(a.u.)

005

- ~
o o
I Ji«,_.,wL___i_Jk‘_,‘M,,Tiw_v ]
11.0x102counts S
o o N B
es3 ﬂ: 8 'L
o2
“W&mmwmww”““AMwnmmm ’L o A i
2, o
12.5%10 countsg i} F 8 g Y
=
o h L“~*Mv~ J! Ay
0 10 20 30 40 50 60 70
26(deg)
LoH,=10T g' Dy123
o
$5.0x10%counts S 8 N (04
R N W O
- I - _
12.6x102counts 8
RS
. g p
52 e °
5
J
2 o
15.0x10 countsgo . 8“% Y
et
— L /
10 20 30 40 50 60 70
26 (deg)

Fig.2 XRD patterns at a, B, and y planes for the (a)Sm123 and
(b)Dy123 powder samples aligned under a MRF of 10 T.
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Fig. 1 Magnetic field dependence of J. at 40 K for a 5%
Ca-doped Y123 bulk with and without grain boundaries.

Fig.2 Secondary electron images at a grain boundary in
ac-plane of a 5% Ca-doped Y123 bulk.
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Fig. 2 Calculated and measured results of trapped magnetic
field distributions on superconducting bulks
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Fig.1 A view of bulk magnet surface and sensor positions
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Fig.3 Flux penetration profiles into the bulk magnet,
showing different flux—jump behavior
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Fig.1 (a)XRD patterns of MgBy powder with different ball
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Fig. 2. Temperature dependence of trapped field measured at
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different milling condition. Inset shows appearance of a bulk.
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Fig. 1 Additive amount dependence of J,.*!f and composition
ratio of Cu to Sm for BSNO-doped SmBCO films in which
BSNO are doped by using BNO and BSNO targets.

Fig. 2 (a) Planar and (b) cross-sectional TEM images of the
27.4 vol.% BSNO-doped SmBCO film in which BSNO is
doped by using BSNO target.
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Fig. 1 Optical microscopic image around bridge of Nb thin film
prepared by usual photo lithography.

e m e

Fig. 2 AFM image of the anodized patterns on the Nb thin film
surface. Inset shows the magnified image of the patterns.
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Fig.1 Secondary
electron  images  of
fractured surfaces of
sintered bulks;

(a) Pr247, (b) Nd247,
(c) Pr123.
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E LAt Ar annealed at 600°C |
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-0.8 i
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Fig2 ZFC and FC magnetization curves for oxygen
annealed Nd247 bulks synthesized at 960°C for 20 h.
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Doping dependence of critical current properties of 122—type iron—based superconductors
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SHIMOYAMA Jun—ichi (Aoyama Gakuin Univ.)
E-mail: s.ishida@aist.go.jp

1. Introduction

The iron-based superconductors discovered in 2008 [1]
are promising material for high—field magnet applications
because of their large upper critical fields (A > 100 T) with
small anisotropy (y ~ 1-2). Indeed, the superconducting
wires/tapes have been fabricated by the powder—in—tube
method using iron—based superconductors [2]. Because the
superconducting properties of iron—based superconductors
depend on the chemical compositions (or doping levels), the
knowledge of doping dependence of the critical current
properties will become necessary for further improvement in
the performance of wires. In this work, we investigate the
doping dependence of critical current properties of
doped-BaFe,As, single crystals.

2. Experimental procedure
The single crystals of doped-BaFe,As, were prepared by
the self-flux method [3]. The elemental analysis was

performed using energy—dispersive X-ray (EDX) spectroscopy.

The X-ray diffraction measurements were performed using Cu
Ko radiation at room temperatures. The actual chemical
compositions determined by EDX and c—axis length were in
good agreement with each other. The samples were cut into
rectangular shapes with typical dimensions of 1 mm (length) X
0.8 mm (width) X 0.02 mm (thickness). The magnetic
susceptibility () and in—plane resistivity (p) measurements
were performed in a magnetic property measurement system
(MPMS) and a physical property measurement system (PPMS),
respectively. The magnetization hysteresis loops (MHLs) were
measured on the single crystals with the magnetic fields (/)
along c axis.

3. Results and discussion

First, we show the doping dependence of superconducting
transition temperature (7;) of Ba,_,K,FesAs, determined based
on both y—7"and p—7 measurements. The obtained x—7: curve
is plotted in Fig. 1 (@). It shows a well-defined dome shape
with a broad maximum (7; = 38.5 K) around x = 0.33-0.39.
Next, we show the doping dependence of critical current
density (/). The magnitude of J, was estimated using the Bean
model [4] based on the MHL measurements; J =
20AM/ w(1-w/31)], where AM is MHL width in emu/cm?®, and
wand /are the sample dimensions in rectangular shape (w</).
In Figure 1, the x—/, curve under the conditions of 7'=5 K and
H=6Tis plotted (®). We revealed that the magnitude of /.
shows drastic x dependence in contrast that of 7.. The x—J.
curve shows a sharp peak around x = 0.30, which corresponds
to the slightly underdoped region on the basis of x-7; curve.

In Figure 2, we plotted the // dependence of /. for slightly
underdoped (x = 0.30) and overdoped (x = 0.41) samples. In
the case of x = 0.30, J. first decreases and successively
increases with /7, which is known as the fish—tail effect. In
contrast, for x= 0.41, J. shows monotonous decrease with /7.
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Fig.1 The x dependence of J,at 5 K and 6 T (@) and 7.
(@) of Ba. K[FeAs;. The magnetic/structural
transition temperature (73) is also plotted (V).
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Fig.2 The / dependence of J. of Ba;- K ,FesAs, at 20 K
for x=0.30 (@) and 0.41 (@).

Thus, J. properties show qualitative change around x = 0.36,
where 7. attains a maximum. This indicates that some specific
pinning mechanism works in the underdoped region, which
gives rise to the large enhancement of J..

Our results indicate that the fine tuning of the doping level
in BaFe,As, system will become a key factor to improve the
performance of wires/tapes.
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Fig. 1 Powder X-ray diffraction patterns for SmFeAsO, H .
Vertical bars at the bottom the calculated positions of Bragg
diffractions of SmFeAsO.

Vaverage (nm )

A10'

fLo00f
-0.5¢+ "
P | Sp— ——
55' * o
501 o .
45 %o
Lo 40t .
35} .

0.1290 0.1295 0.1300 0.1305 0.1310 0.1315
3
V (nm”)

Fig. 2 Cell volume (V) dependence of superconducting
transition temperature (7)) for SmFeAsO,_ H

1=x* tye

e

AE THOIZREHIEI, @428, EEMTRE
WHEFTAIST) O £, KRR L4 OHFEO T T
TERL-bO T, MHEEEZH N OIVEH L ET

SE& Xk

[1] Y. Kamihara et al.: J. Am. Chem. Soc., Vol. 130 (2008)
p.3296.

[2] M. Fujioka et al., Supercond. Sci. Technol., Vol. 26 (2013)
p.085023.

[3] Z. A. Renet al., Europhys. Lett., Vol. 83 (2008) p.17002.

[4] C.A. Reynolds et al., Phys. Rev., Vol. 83 (1951) p.691.

[5] M. Shirage et al., Phys. Rev. Lett., Vol. 105 (2010)
p.037004.

HEO1MHl  20154F B2 A F R T4

RS



3C-p07

MgB, #t1 (2)

OAR(CuH )ZAWTAELEMEM RICKVERLIZE J, MgB, #R4t
High J, MgB, wires fabricated by using B powder treated with coronene (C,,H,,)
BN R BRI E I s REE TR (W - AERHITTEREAR)

YE Shujun, SONG Minghui, MATSUMOTO Akiyoshi, TAKIGAWA Hiroyuki, KUMAKURA Hiroaki (NIMS)
E-mail: YE.Shujun@nims.go.jp

1. [ZC®HIZ

MeB, BB OIS D720 121%, Bith To g fE
TEE [ 2 ESEHZENVEAR R K THD, WA
1 — AR EHUZL ST MgB, 8 OB /% BT 55150
b — K THD, I—AREH R IZ oW TIE, TRtk
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Fig. 1 1% pure #1535, C,H,, 3—7 4> 7Lz, LY
CyH,y B RIZ S D — R a—T 4 7 LIIEDE & E
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Fig.1 TEM images of pure B, B with C,,H,, coating, and B
with carbon coating by pyrolysis of Cy,H,,.
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Fabrication and J, properties of Ta/monel double-sheathed PIT MgB, wires
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1. Introduction

Although MgB, has the highest critical temperature (7}) of
known metallic superconducting materials, 39K, the critical
current density ./, values of in-situ powder in tube (PIT)
processed MgB, wires are still below that of the present
commercial superconducting wires (Nb—Ti and Nb,Sn).

Compared to other fabrication process, such as internal
Mg diffusion (IMD) and ex—situ method, one of the serious
problems in /n-situ PIT MgB, wires is the low packing density
of MgB, core, which directly affects the critical current density
J. values. To improve the MgB, core density, we could use
sheath materials with higher hardness instead of iron. In this
study, we used tantalum (Ta) tube as sheath. Outside the Ta
sheath, monel alloy tube was also used as a double sheath,

which mainly helped measure the critical current (Z).

2. Experiment

The MgB, wires were all fabricated by i situ PIT method.
Mg powder (99.8%, 325mesh) and boron powder (amorphous,
98.8%) were mixed and milled for 1 hour in argon atmosphere
glove box. Then the mixed powders were filled into pure Ta
tube with a 6.0mm outer diameter and a 3.5mm inner diameter.
The tube was groove rolled to fit a monel tube (outer: 6.35mm,
inner: 4.35mm). The Ta tube was inserted into the monel tube
and the cold-rolling process we continued using groove-rolling
and drawing machines. The final diameter of Ta/monel
double—sheathed PIT MgB, wire is 1.4mm. For comparison, we
also fabricated samples using Fe/monel tube with the same
procedure. Heat treatment was carried out at different
temperatures for 1 hour under a flowing argon gas atmosphere.
The transport critical current, [, and SEM image was

measured and observed.

3. Results and discussions

Figure 1 shows . versus H curves at 4.2K of Fe—mono,
Fe/monel and Ta/monel sheath MgB, wires heat-treated at
650°C for 1 hour. Fe-mono and Fe/monel sheath wire had the
same reduction during the fabrication and had almost the same
J. values. That meant the monel sheath had few effect on
improving the J, properties. Ta/monel sheath MgB, wires got

about 2 times of J, values comparing to Fe/monel sheath
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sample.

Figure 2 shows the SEM images of MgB, cores made with
Ta/monel and Fe/monel sheath. Ta/monel sheath MgB, core
(Fig.2-A) shows better agglomeration and form bigger MgB,
block. This means higher density and less boundaries, which
have important effect on improvement of the ./ properties of

PIT MgB, wires.

10° T T T T

@4.2K
10° E
5
<
Rt 4
—s—Fe 1.0mm
—e— Ta+monel 1.4mm
—a— Fe+monel 1.4mm
10° T T T T
6 8 10 12

H(T)

Fig.1 /—H characteristics of PIT-processed MgB, wires made
by Fe/monel, Ta/monel sheath heat—treated at 650°C for lhr

Fig.2 SEM images of MgB, cores

(A) Ta/monel sheath  (B) Fe/monel sheath
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Three dimensional microstructural analysis of MgB, wires by use of the X-ray micro-CT
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200um

Fig. 1 X-ray image of IMD processed MgB, wire

(a) Typical condition (b) High S/N ratio

Fig. 2 X-ray micro-CT images of IMD processed MgB,
wire

Fig.3 Cross-sectional X-ray micro-CT images at various
position of IMD processed MgB, wire

Fig. 4 Three dimensional X-ray CT image for IMD
processed MgB, wire
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