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Study of high-ﬁeld magnetlzatlon in the clathrate compoundCe;Pd,(Si
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JbiB958H . Andreas Donni, Matis Mihalik

H. Kitazawa, A. D6nni, M. Mihalik
National Institute for Materials Science
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Graduate School of Science and Technology, Niigata University

Abstract:

We have carried out the high-field magnetization measurements of the clathrate compounds Ce;Pd,,Sis to investigate
their crystalline field (CF) effects. The anisotropic behavior of high-field magnetization process at 2.1 K revealed that the CF
ground states at 4a and 8c sites in Ce;Pd,(Sis should be different (I'; or I'y) with the help of CEF excitation energy of 3.6 meV
by inelastic neutron scattering experiments and the temperature dependence of elastic constants.

Keywords: Ce;PdySig, crystalline field effect, high-field magnetization, inelastic neutron scattering

E-mail: KITAZAWA Hideaki@nims.go.jp
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Fig. 3  Calculated high-field magnetization of 4f

electrons in the Ce’" state at 2.1 K.
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Magnetization curve at high magnetic field in the low-dimensional magnet CuzMo0,04

PRERK BT BIIWE, REEE, PR E
Haruhiko Kuroe, Tomoaki Hamasaki, and Tomoyuki Sekine
Dept. Phys., Sophia Univ.

W MO TERE RS RAIER], AL
Masashi Hase, Hideaki Kitazawa
National Institute for Materials Science

Abstract:

We report the magnetization curve under magnetic fields up to 30 T at low temperatures in a tetrahedral spin chain
system CuzMo,0y single crystal. This material shows successive phase transitions to an antiferromagnetic phase at 7y = 7.9
K and a weak ferromagnetic phase at 7, ~ 2.5 K in low magnetic fields. With increasing magnetic field below Ty, a rapid
increase of magnetization is observed at 19.3 T for H//a and 17.5 T for H//c, respectively. On the other hand, there are not
observed for H//b, which denies the spin flop transition, because the easy axis is almost pararell to the b axis. These rapid
increase disappear above 7y. The magnetic moments are canted towards the ac plane by the Dzyaloshinskii-Moriya
interaction in the WF phase. Consequently, these rapid increase of magnetization at high magnetic fields are interpreted by a

sudden rotation of the WF moment about the b axis.

Keywords: Magnetization, low-dimensional magnet, Cu;Mo0,0, Dzyaloshinskii-Mioriya interaction
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Fig.1 Schematic drawing of Cu;Mo0,0s.
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Magnetization process in garnet magnets AgCa, M, V301, (M =Mn, Co and Ni) and NdPb,Mn,V30,,
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Abstract:

The magnetization measurements on garnets, AgCa,M,V;0,, (M =Mn, Co and Ni)and NdPb,Mn,V;0,, are reported.
Previously, we have identified the antiferrmagnetic orderings of these compounds by neutron diffraction measurements. This
time, in order to determine the exchange parameters and anisotropy, we performed the magnetization measurements. All
samples measured show a Heisenberg spin-like magnetization process, where the saturation fields are 40 T (estimated) in
AgCa2Mn2V3012(ACMVO), 11.5 T in AgC32C02V3012(ACCVO), 26.0 T in AgC32N12V3012(ACNVO) and 23.5 T in
NdPb,Mn,V;0,(NPMVO). Applying the Heisenberg spin Hamiltonian with the nearest neighbor exchange interaction to
these results, we can determine the exchange constants as JACMVO = —2.7 K, JACCVO = —6.7 K, JACNVO = 5.0 K

and /NPMVO = —1.6 K.

Keywords: garnet lattice, antiferromagnet, vanadium garnet, Heisenberg spin
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Thermally assisted soft-magnetism in nano-granular films
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Abstract:

In granular films consisting of exchange-coupled ferromagnetic nanoparticles embedded in insulative matrix, we
observe the correlated supersperomagnet-like phase with the thermally assisted soft-magnetic response.

Keywords: magnetic hystereses; thermal cycles; ferromagnetic ordering; spin-glasslike ordering; blocking
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NMAD Spin Glass Behavior in 4f Electronic Compounds
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Abstract:

We present the ac susceptibility measurements on the ternary intermetallic compounds Pr,CuSi; and Nd,CuSi;. Both the
real and imaginary components show a frequency dependent peak at 7,,=9.8 K for Pr,CuSi; and 7,,=9.8 K for Nd,CuSi; with
evident ferromagnetic characters even for Nd,CuSi; that has been reported to exhibit an antiferromagnetic phase transition
near 5 K. The shift of the ac susceptibility peak to higher temperature with increasing frequency is observed for both samples,
which could be considered as important evidence for the formation of spin-glass states. However, for both samples the
frequency shift rate of Ty, is very small indicating the weak spin-glass effect. The observed magnetic behaviors are compared

with those reported for the cluster glass compound Ce,CuSi;.

Keywords: Pr,CuSi;, Nd,CusSis, spin glass, ac susceptibility, irreversible magnetism
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1. Introduction

Spin-glass (SG) behavior found in many ternary
intermetallic compounds has attracted much attention in
recent years. A typical group among these compounds is the
f-electron systems with 2:1:3 compositions. The crystal
structure of most of the 2:1:3 compounds is derived from
the hexagonal AlB,-type. An important feature
characteristic of this structure is the existence of
disordering nonmagnetic atoms and triangular structure of
magnetic atoms, which are considered to be favorable for
the formation of SG state. Compounds R,CuSi; (R =La,
Ce, Pr, Nd) being considered to crystallize in the AlB,-type
structure represent the new subjects of studies among the
nonmagnetic atom disorder (NMAD) 2:1:3 systems. We
have observed the evident random spin freezing behavior
with short-range magnetic order in Ce,CuSis. Pr,CuSi; and
Nd,CuSi;, however, are reported to exhibit a ferromagnetic
phase transition at 7=10 K and an antiferromagnetic order
at T)=5 K, respectively, based on the dc susceptibility,
specific heat and electrical resistivity measurements. Below
T/ Ty, irreversible magnetism is observed for both systems
like that usually observed in SG materials. Considering that
ac susceptibility could offer a good criterion for
distinguishing a canonical SG from a SG-like material, we
have performed ac susceptibility measurements at various
frequencies on polycrystalline compounds Pr,CuSi; and
Nd,CuSi; to explore the possible SG effect. Here, we
present the experimental results and compare the observed
magnetic behaviors with those of the glass compound

CeZCuSig.

2. Experimental

Polycrystalline samples of Pr,CuSi; and Nd,CuSi; were
prepared by melting high-purity starting elements in a
4-electrodes arc furnace followed by homogenization at
high temperature (500 °C x 168 h + 750 °C x 168 h for
Pr,CuSi;, 950 °C x 480 h for Ndr,CuSi3) in evacuated
sealed quartz tubes. The x-ray powder diffraction lines can
be indexed based on the AlB,-type structure model (space
group P6/mmm) with lattice parameters a=4.054 A,
c=4.260 A for Pr,CuSi; and a=4.048 A, ¢=4.225 A for
Nd,CuSi;. The temperature dependence of ac susceptibility

was measured using a SQUID magnetometer.

3. Results and Discussion

AC susceptibility measurements of Pr,CuSi; and
Nd,CuSi; were preformed at frequency range of 0.1
Hz<w/27<1000 Hz.
X.(T) are illustrated in Fig. 1 for Pr,CuSi; and in Fig. 2
for Nd,CuSi;.

The data of in-phase component
A frequency-dependent pronounced
maximum is observed around a characteristic temperature
T,.(®) for both samples. The T, value is determined to be
9.79 and 5.57 K at «=0.1 Hz, which shift to 9.82 and 5.61
K at @=1000 Hz for Pr,CuSi; and Nd,CuSis, respectively.
The shift to higher temperature of the peak position in
¥ (T) curve with increasing @ could be considered as
important evidence for the existence of random spin
freezing effect in Pr,CuSi; and Nd,CuSi;. However, the
frequency shift rate of 7, in both samples is small. Using
expression o7,=AT,/(T,Alogw) (it is often used to
distinguish a SG material from a SG-like system), the
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Fig. 1 Temperature dependence of the real component
of ac susceptibility for Pr,CuSi; at various
frequencies.
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frequency shift rate is determined to be o7,=0.001 for
Pr,CuSi; and o7,,=0.002 for Nd,CuSi;. These values are
roughly one order of magnitude smaller than 6Ty (the
frequency shift rate of spin freezing temperature) reported
for the cluster glass compound Ce,CuSi; and other typical
NMAD SG systems. In addition, the T( @) data of Ce,CuSi;
can be fitted to the standard expression of critical slowing
down, but this expression can not described the 7,,(w)
behavior of Pr,CuSi; and Nd,CuSi;. In this reason, we call
the upward-shift of 7, with @ observed in these two
compounds “SG-like behavior”.

On the other hand, in ref. 1 the peak appearing in
temperature dependence of zero-field-cooled (ZFC) dc
magnetization Mzr(T) curve of Nd,CuSi; at 7,=5 K is
considered to be of the antiferromagnetic origin. However,
)(:C(T) (not shown here) of

our ac susceptibility measurements for Nd,CuSi; illustrates

the imaginary component

an evident peak near 7,, suggesting the ferromagnetic
character of the phase transition around 7,. In fact, the
ferromagnetic behaviors of Nd,CuSi; are also manifested
in field-cooled (FC) dc

and the rapid rise of magnetization

as the monotonic increase
susceptibility ¥, (T)
M(H) at low-field side. These features are very similar to
those observed for Pr,CuSi;. Although the evident peaks
20T, 20T and X zrc(T) curves

are also characteristic of SG materials, considering the

appearing in

larger peak appearing in specific heat C(7) and the sudden
drop in electrical resistivity p(T) curves as well as the very
small o7,, values obtained in this work, Pr,CuSi; and
Nd,CuSij; should be considered as the “alomst long-range”
magnetic ordering systems with weak SG effect. In this

sense, Pr,CuSi; and Nd,CuSij; are different from the cluster
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0.020

0016

5.3 5.4 5.5 5.6 5.7 58 5.9

Fig. 2 Temperature dependence of the real component
of ac susceptibility for Nd,CuSi; at various
frequencies.

glass compound Ce,CuSi; that shows much evident SG
effect. It should be mentioned that, very recently, the
electron diffraction measurements reveal the existence of
superlattice structure in our Pr,CuSi; sample. This result
suggests that a part of the nonmagnetic atoms seems to
form a ordered structure in Pr,CuSi;. The different degree
of randomness may be responsible for the different
magnetic features observed in Ce,CuSi;, Pr,CuSi; and

NdzCUSi}.

3. Conclusion

Summarizing the experimental results mentioned above,
the main finding in this work is that the ac susceptibility
measurements offer a important evidence for the formation
of SG-like state in both Pr,CuSi; and Nd,CuSi; in spit of its
weak effect. Around 7,=9.8 and 5.6 K, Pr,CuSi; and
Nd,CuSi; exhibit an almost long-range magnetic order,
respectively, with clear ferromagnetic characters near and
below T7,,. No antiferromagnetic behavior can be observed
in ac susceptibility measurements even for Nd,CuSi;. At
this stage, we consider that the degree of randomness in
R,CuSi; may be different for different system, which could
result in the SG effect in Ce,CuSis, Pr,CuSi; and Nd,CuSi;
with different strength. A systematic investigation on the
microstructure of R,CuSi; including electron diffraction
observation and high-resolution electron microscopy is

progressing.
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Abstract:

We have performed measurements of the de Haas-van Alphen effect (dHvA) in CeRhSi; up to a pressure P = 29.5 kbar
with the field in the ¢ direction. The observed Fermi surface suggests that Ce 4f electrons are itinerant even when
antiferromagnetic order occurs. Effective masses decrease with P: no enhancement is observed as the antiferromagnetic

transition temperature is reduced by the application of pressure.
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1. IXL®IT

Recently, Kimura et al. have reported superconductivity
(SC) in a noncentrosymmetric heavy-fermion compound
CeRhSi; under high pressure P [1]. At ambient P, it orders
1.6 K with an

incommensurate wave vector. The ordered moment lies in

antiferromagnetically below Ty

the ¢ plane and is small, of the order 0.1mg. A P-T phase
diagram has been derived from resistivity measurements
(Fig. 1).
above ~8 kbar. It becomes equal to the superconducting

Ty first increases with P and then decreases

transition temperature Tsc at ~24 kbar. Tgc peaks at 1.1 K
near 26 kbar. At the same time, the initial slope dB,/dT
at T=Tgc of B, curves takes a maximum of 23 T/K.
These two facts seem to indicate that the critical pressure P,
of the quantum phase transition (QPT) between the
antiferromagnetic (AFM) and the paramagnetic (PM) phase
is ~26 kbar.
observed for magnetic field B // ¢; B»(0) at 29 kbar may
reach 30 T [1].

Ambient-P dHVA measurements have been reported for
CeRhSi; and the reference compound LaRhSi; (La has no
DHvVA
field-orientation dependences are very different between

Anomalously high values of $B,(0) are

electrons) [2]. frequencies and  their
the two compounds. This suggests that Ce 4f electrons
are itinerant. However, it is difficult to draw a definite
conclusion, e.g., by comparing dHvA frequencies with
results of band-structure calculations, because so many
finely-split frequencies are observed and modification of
the FS by the opening of the gaps due to the
incommensurate AFM order has to be considered.

In this study [3], we perform high-P dHvA measurements
on CeRhSi; and provide further support for the view that
the 4f electrons in CeRhSi; are itinerant even in the AFM

phase. The FS evolves continuously with P and,
interestingly, the pressure and field dependences of

effective masses are weak.

EH .l - I T I T
15+ Ty -
e ¥
=10 P 3
L T
o5 .+ T - -
Lch
ED i I i I i
] 10 20 an
P (kbar)

Fig.1.: P-T phase diagram of CeRhSij

2. REBRGH

The single crystal of CeRhSi; used in this study was
spark-cut from a Czochralski-method-grown ingot. The
residual resistivity ratio (I / c) is 240.
susceptibility, the oscillatory (in B) part of which is due to

Ac magnetic

the dHVA effect, was measured with pick-up coils in fields
up to 17.8 T applied along the ¢ axis at temperatures down
to 0.03 K and pressures up to 29.5 kbar.
dHvVA oscillations in the reference compound LaRhSi; were

In addition,

measured at ambient P for various field directions in the
(010) plane. Band-structure calculations were performed
for LaRhSi; and CeRhSi; by the full-potential linearized
augmented plane-wave method within the local-density
For CeRhSi3, 4f clectrons of Ce were
treated as itinerant and a PM state was assumed.

approximation.
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3. ERFERLBE

inversion-asymmetry-split sheets: small hole, large hole,
and electron sheets. These sheets explain experimental
dHvVA frequencies in the (010) plane of LaRhSi; very well:
calculated and observed frequencies agree mostly within a
few % for frequencies larger than 2000 T. In the dHVA
spectrum for B // ¢ [Fig. 2(a), top curve], the frequencies a; ,
are from the electron sheets and the largest ones predicted for
this field direction, while b, , are from the large hole sheets.

The spectra of CeRhSi; at P = 29.5 kbar are distinctly
different from the LaRhSi; spectrum [compare the top and
second curves in Fig. 2(a)]. Especially, we note that the
frequencies A and B in CeRhSi; are larger than a; ,, the
largest frequencies for the FS of LaRhSi;. This strongly
suggests that the FS volume of CeRhSi; at 29.5 kbar is
larger than that of LaRhSi;, including Ce 4f electrons.
Although we have conjectured that P, ~ 26 kbar and hence
have assumed that CeRhSi; is PM at 29.5 kbar, one might
argue that P, in fields could be higher in the light of a
recent report of field-induced antiferromagnetism in
CeRhIns. In fact, even if CeRhSi; is AFM at 29.5 kbar,
we can argue similarly for the itinerant f electrons.
Suppose that CeRhSi; were an antiferromagnet with
localized Ce 4f electrons. Then, its FS would be that of
LaRhSi; but truncated by AFM gaps. dHvA measurements
would find smaller orbits than original ones on the LaRhSi;
FS because of the truncation and probably the original ones
due to MB, but not larger ones like A and B.

According to the band structure calculations, as La is
replaced with Ce, the small hole sheets disappear, and the
large ones shrink, while the electron sheets expand. The
frequencies A, B, and C can be attributed to the enlarged
electron sheets. The former two will be on the k, = 0
plane, while the last on the k, = p/c plane. The frequency
D can be attributed to one of the shrunk hole sheets. (We,
however, note that these assignments are tentative. The
calculated and observed frequencies for B and C differ by
~20%.) The appearance of the series of frequencies D,
D+d, and D+2d suggests MB between the D orbit and
others.

Fitting the theoretical thermal damping factor to
experimental T-dependences of oscillation amplitudes in
the field range 11 < B < 17.75 T, we estimate the effective
masses for the orbits B, C, and D at 21, 14.6, and 8.1m,,
respectively. DHVA oscillations from the A orbit are too
weak to determine the associated mass reliably: a very
rough estimate is ~50m,.

Although the frequency A is observed only at the two
highest pressures, the frequencies B, C, and D can be traced
down to low pressures. As P is lowered, they do not show
any discontinuous change that may indicate the localization
of the f electrons [Figs. 2(a) and (b)]. They exhibit only
weak P dependences: dln F / dP = ~2, -1.4, and -2.2 x 103

kbar™! for the frequencies B, C, and D, respectively. We
stress that the observation of the B frequency at 11.8 kbar is
most likely a sign that the Ce 4f electrons remain itinerant
in the AFM phase (at least down to this P).
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§ )
1
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© 20 1N T T T = T . T 1]
~ 16 C D c ’ LI
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Fig.2.: (a) Fourier spectra of dHvA oscillations in LaRhSis3
at ambient P (top curve) and CeRhSi; at various pressures.
The thin dotted curve (LaRhSi;) and the solid curves are
Fourier transformations in the field range 11 <B < 17.75 T,
while the thick dotted curves shown for some pressures are
based on narrower ranges in the high field side, typically
16.5 <B < 17.75 T, to enhance weak high frequencies. (b)
Pressure variation of the frequencies B, C, and D. The
dotted lines show dInF/dP = 2.4, -1.4, and -2.2 x 10~ kbar ™.
(c) Pressure variation of the effective masses (in the units of
the free electron mass) for the orbits C and D. The masses
were determined from the T-dependences of dHVA
oscillation amplitudes in the field range 11 <B < 17.75 T.

4. £L 9

The dHvVA spectra strongly suggest that Ce 4f electrons
remain itinerant in the AFM phase of CeRhSi;. No
divergence of m* is observed as a function of P, which is
also compatible with the itinerant-f scenario for the AFM
QPT.
BER
[1] N. Kimura et al., PRL 95, 247004 (2005), PRL 98,
197001 (2007).
[2] N. Kimura et al., Physica B 294-295, 280 (2001).
[3] T. Terashima et al., PRB 76, 054506 (2007).
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Abstract:

CeRhSi; is a noncentrosymmteric heavy-fermion pressure-induced superconductor discovered in 2005 by N. Kimura
et al [1]. Tt exhibits the antiferromagnetic order up to 2.6GPa while its superconducting transition occurs above 1GPa. We
determined the temperature dependence of the upper critical magnetic fields(H,(7)) at 2.8GPa for fields along the tetragonal
a- and c-axes by measuring the resistivity. They are quite anisotropic: H,(0) for H //c largely exceeds 20T whereas H_,(0)
for H //a reaches 5.8T, although the BCS model predicts an isotropic upper critical magnetic field. The anisotropic H,, with
very high Hy(0) for H //c is explained by the anisotropic paramagnetic pair-breaking effect for noncentrosymmetric
superconductors. CeRhSi; is probably the first example that the noncentrosymmetric structure strongly affects
superconducting properties.

Keywords: noncentrosymmetric superconductor, heavy-fermion, CeRhSi;
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Fig. 1: Crystal structure of CeRhSi;.
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Fig.2: H-T phase diagram of CeRhSi; at 2.8GPa for
fields along the a- and c-axes.
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Fig. 3: Schematic illustration of the split of the energy
band(Fermi surface) and the anisotropy of paramagnetic
pair-breaking effect in noncentrosymmetric superconductors.

4. FL

AHFFEIZ L V| CeRhSiy O _FEREG ARG TR S AT,
FEIZ ¢ @7 A Tl O ERIZIZ R W EW Ho(0)=Tc
EHLOZ ERHLNT o T, EEREE RS O BT
. 22 SRR DTk AL & B 8 L 7o B REPE DRI &
S THATE, 2 OFEBEE R 22 M s B O fi i
DOHNROEBRHFEHLCTH D B2 OND, 5%RITHS
—IREFROBRICE R E Y T ol k& FEBREIT O,

BE R
[1]1N. Kimura ef al., Phy. Rev. Lett. 95 (2005) 247004.
[2] arXiv:cond-mat /07092199 v1 14 Sep 2007.

_14_



T A HE (A (Me-3,5-DIP)[Ni(dmit),], ® 7 = /L 2 f 11

Fermi surface of magnetic organic conductor (Me-3,5-DIP)[Ni(dmit),], II

BUE KK A, W - MORHIFZERERE B, S EREEC, PIAF P, CREST
WEMAS, WO, AMRES JFEHES S TEIIER S, SRR — B a8
FIRPEA P, LA DY, gL = >
K. Hazama’, T. YamaguchiB, M. Kimata®, A. Harada®, T. Satsukawa®, T. Terashima®,S. UjiAB,
Y. Kosaka C*, H. M. Yamamoto °*, R. Kato D
Institute of Materials Science, University of Tsukuba®
NIMS®, Saitama University“, RIKEN®, CREST*

Abstract:

Since newly synthesized organic conductor (Me-3,5-DIP)[Ni(dmit),], has both localized electron spins and conduction
electrons in the anion Ni(dmit), layers, it has been expected that intriguing conducting properties arise from the

bi-functionality.
result reflects two different two-dimensional Fermi surfaces.

In order to investigate the electronic state, we have measured quantum oscillation measurement.

This
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Fig.1 Crystal structure of (Me-3,5-DIP)[Ni(dmit),],.

2. EBRGIE

20T #AFRMEH/BEE~ 73y b LSOV #hEER
Tr—T7%HNWT, RETEBNEEIT o7, HEEH
Jm (e #Fm) ICEA R L, Fig2 1IR3 X 91z
S YERIC X0 BERIRBU A E Uz, fhahh & B
DOBAR % Fig2 [Z7,

I+ V4
Hami]e
i- V-

Fig.2 Sample and magnetic field angle.

3. ERERLER

R E & M 7227 WS 2 ), 26mK ClmE
L EE 7 F M OBTLERE LSRR % Fig3@IlRT,
K CRE RADOHMKIEILZ R LT=t%, 10T LLET
|t oM A ROz, 6T, 8T BLET
J — N % 60 SdH EEh A S, Bl S - ig
#% 7 — U = EH(FFT)T 5 &, Figd IZRT LT 2
ROJEBEE — 7 BB T-, Fig3(a) TIHREMEED D
DI WO TI3T FHE TR LK% Fig3(b)IoR
T, STULETIEZ O X 5 RIRBABHA ST b, F
IR (2 ROEEHE—27 oF) 1T 4577[T]T
HY,1st 7 U LT V= (IBZ)DHI 50% 156 %,
i, g (Layerll) 2B 57 =4 451 D¥F

_15_



IEAS 05 M THDZ LT L, /S REFRER
ERW—EERRT, £, B O/ ERAE, Figs
T LI EBLBLY Focl/cos THoT2, (mEED
RIS 2 B A TWA Z &M s, NENSE DR R
KOS 2O R T = VI ERFEL TN
EEZ LD BT IRENE IR E 2 & 729, AMRO
BIE CHRTERN-1-7 =V I HONHEHERT S
ZEWTET,

70 ) 7
s06 - -
65 g -m:.)—! 4 4
= mgg J U
60 - 57 1 ]
p— 1390 13.10 1320
G, H[T]
= ]
S0
I//¢c 26mk
45[6=0
1 1 1 | 1 |
8 12 16
H [T]

Fig.3 (a)SdH (Shobnikov-de Haas) oscillation. (b)
Close-up of the oscillation from 13 Tto 13.2 T.
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Abstract:

We have performed de Haas-van Alphen effect (dHvA) measurements and band-structure calculations for CsOs,Og.

Sixteen dHVA frequency branches are observed in the (110) plane.

The Fermi surface consists of hole and electron surface.

The topology of the measured Fermi surface can be described by the band-structure calculations if slight rigid band shifts are
incorporated. The electron surface has through holes in the <111> directions, indicating that the van Hove singularity is

above the Fermi level unlike previously thought.
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1. 1IXC®IT

The search for and the study of superconducting
transition-metal oxides are certainly one of the most active
areas in the solid state physics.
oxides AOs,O (A =
superconducting

The b-pyrochlore osmium
K, Rb, and Cs) joined the

club [1]:  the
superconducting transition temperature T, = 9.6, 6.3, and
3.3 K for A =K, Rb, and Cs, respectively. In this article,
of de Haas-van Alphen (dHvA)
measurements and band-structure calculations for CsOs,0g¢
[2].

by comparing the measured angular dependence of dHVA

oxides recently

we report results
We determine the detailed shape of the Fermi surface

frequencies with band-structure predictions.

2. ERFE

The single-crystal sample of CsOs,0¢ used for the dHVA
measurements was taken from a batch of crystals prepared
Very high
quality crystals can be grown in this way as evidenced by a

in a way similar to that described in Ref. [3].

large residual resistivity ratio of 750 observed in another
crystal from the present growth batch. The crystal axes of
DHvA
oscillations were measured with the field-modulation

the sample were determined by X-ray diffraction.

technique. The electronic band-structure of CsOs,O4 was
calculated by using a full potential LAPW (FLAPW)
method with the local density approximation (LDA) for the

exchange-correlation potential.

3. KRBRLER

We performed two field sweeps at each field direction:
one from B =7 to 13.9 T, and the other from 14 to 17.5 T.
We show Fourier transforms of dHVA oscillations in high
symmetry directions, [001], [111], and [110], in Fig. 1.
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Fig.1.: Fourier spectra of dHVA oscillations in CsOs,05 at
T = 0.05 K for the high symmetry directions. The field
ranges used are 7 < B < 13.9 T (solid lines) and 14 < B <
17.5 T (dotted lines). Fundamental frequencies are
labeled with Greek letters, and '2b, 3b, etc. indicate the
second and the third harmonic of b and so on. The insets
show the spectra of long field sweeps specially performed
to resolve finely spaced low frequencies: 3 <B<175T
for [001] and 4 <B < 17.5 T for [110].
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The spectra of the low-field sweeps (solid lines in Fig. 1) (a)

= I o I N I L I I B

have a higher frequency resolution because of the wider T T R Tp—

1/B range used, and also low-frequency oscillations are ar Exp. fundamental . o . 4
: . . harmonic 3
generally easier to see in the low-field spectra as explained

above. On the other, the high-field spectra (dotted lines in g
Fig. 1) show high-frequency oscillations more clearly. We

Calc. (adjusied) band 111 band 112

note that these spectra are rich in harmonic content, which ‘ > o @ . &

is an indication of a good sample quality. The angular = s Ve e°*

dependence of dHvA frequencies are shown in Fig. 2.

Gl R I

Since some discrepancies were found between theoretical

& = &

dHvVA frequencies prdecited by the original band-structure

X
T

calculation and experimental ones, we tried some

A
L

adjustments by shifting each band in energy while keeping

the carrier compensation. Figure 2(b) shows the Fermi
surface obtained by lowering band-111 by 1.1 mRy and
raising band-112 by 0.5 mRy. Theoretical dHvVA
frequencies calculated from this Fermi-surface model

-
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®.
o

o
[+
B
.'H.
&
]

S
&
b

dHvA Trequaency (KT)

explain experimental ones very well as shown Fig. 2(a). : e Y, @ S
The electron surface has through holes in the <111> & .
directions, indicating that the van Hove singularity is above .
the Fermi level unlike previously thought.

4. £

We have performed detailed dHvVA measurements and AT T

N - m
T
L]
.
L4
&
&
.‘_.
F
L]
&
L
L
L X
bl

|
I

band-structure calculations for CsOs,O¢. By comparing ' o
the experimental angular dependence of dHVA frequencies i+ o R
with the calculated one, we have found that the topology of [001] [111] (1]

the Fermi surface can be described by the band-structure

5]

= BT N T NN (N T NI ATEN NI (O I B I =

calculations if slight rigid band shifts are incorporated. o a0 60 a0 120
Fiald angla (deq)

BE R

[1] Yonezawa et al., J. Phys.: Condens. Matter 16, L9
(2004), JPSJ, 73, 819 (2004), 73, 1655 (2004).

[2] T. Terashima et al., PRB 77, 064509 ( 2008) .

[3] Z. Hiroi et al., PRB 76, 014523 (2007).

Band-111 hole surface Band-112 electron surface

Fig.2.: (a) Angular dependence of dHVA frequencies. The circles and
diamonds denote experimental frequencies determined from the high-field
and the low-field sweeps, respectively. Fundamental frequencies are shown
by filled symbols, while harmonics by open symbols. The sizes of the
symbols are based on the amplitudes of dHVA oscillations. The squares
indicate frequencies determined from the special long field sweeps. The
Greek letters indicate the names of the frequency branches. The small +
and x marks show frequencies predicted by the band-structure calculations,
which yield the Fermi surface shown in (b). (b) (b) The adjusted Fermi
surface. To obtain this Fermi surface, the bands are slightly shifted in
energy while the charge neutrality is kept (see text). The inner and outer
sheets of the band-112 surface are connected, and through holes appear in the
the <111> directions.
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Fermi surface of the layered organic superconductor k; -(DMEDO-TSeF),[Au(CN),](THF) with domain structures
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Abstract:

The Fermi surface of the layered organic superconductor k; -(DMEDO-TSeF),[Au(CN),](THF) with thick anion layers has been

investigated, where DMEDO-TSeF is dimethyl(ethylenedioxy)tetraselenafulvalene.

The Shubnikov-de Haas oscillations show a

fundamental closed orbit with 24% cross sectional area and a magnetic breakdown orbit with 102% of the first Brillouin zone. This
indicates that energy gaps open along the zone boundary due to the symmetry lowering originating from the structural phase

transition.

Keywords: high magnetic field, organic superconductor, Shubnikov-de Haas oscillation
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Fig. 1: (a) DMEDO-TSeF and THF molecules.
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Fig. 2 Schematic drawing of the Fermi surfaces both at (a) 7>
Tyand at (b) T<T,
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Fig. 3 (a) Magnetoresistance at 35 mK (B // b*). (b) The FFT

spectrum of the SdH oscillation.
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Fig. 4 (a) Angular dependence of the SdH frequencies and (b)

mass plots.

Table 1.  Shubnikov-de Haas frequency, cross-sectional
Fermi-surface-area, effective cyclotron mass, and the Dingle

temperature for the « and f orbits.

Orbit F(T) A Agi%) m*/m, T, (K)
a 1.1X 10° 24 5.1 1.4
Yij 46X 10° 102 6.3 2.3
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Abstract:

The high field physical properties of two kinds of charge ordered organic semiconductors have been measured at low
temperatures. For 0-(BEDT-TTF),CsZn(SCN),, simultaneous measurement of electron-spin-resonance (ESR) and electrical
resistance have been performed. On the other hand, magnetoresistance and magnetic torque measurement have been
performed for TPP[Fe(Pc)(CN)2]2. The increase of conductance associated with the ESR spin reversal was observed in the
former compound at low temperatures, but the detailed feature has not been specified yet. In the latter compound, very large
magnetoresistance associated with the change of magnetic torque was observed. This result suggests that the
magnetoresistance is originated from some magnetic phase transition.

Keywords: Electron-spin-resonance (ESR), Large magnetoresistance

E-mail: KIMATA .Motoi@nims.go.jp
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Fig. 1. (a)Temperature dependence of ESR spectra for
67.41 GHz. (b) Simultaneously measured normalized
conductivity at same temperatures.
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Study of the superconductivity of InN
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Abstract:

Ac susceptibility of superconducting InN was measured by the use of double 10,000 turn sampling coils together with a
20 T magnet system equipped with a He3 refrigerator, from room temperature to 0.3 K. All the investigated InN samples
showed strong susceptibility changes below 9 K. However, there was a similar resistivity change when measured without
samples, suggesting that the signals were from the sampling coils.

Keywords: InN, ac susceptibility, Meissner effect
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Fig.1 Temperature dependence of ac susceptibility
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Field induced insulator to metal transition of black SmS
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National Institute for Materials Science

Abstract:

We measured transport properties of the semiconducting phase of SmS under high pressure and in high magnetic field.
We observed that the transport gap E, decreases with increasing pressure and/or magnetic field. We argue that the negative
magnetoresistance observed is intrinsic to black SmS and magnetic field plays a similar role to pressure in the gap reduction.

Keywords: SmS, metal insulator transition, high pressure, transport property
E-mail: imura.keiichiro@a.mbox.nagoya-u.ac.jp, kensho@cc.nagoya-u.ac.jp
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Fig.1 (a) Piston cylinder clamp cell, consisting of a
NiCrAl inner and BeCu outer cylinder. (b) SmS and
manometer (lead).
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Fig.2 Temperature dependence of electrical resistivity
at P = 3.8 kbar in a fixed magnetic field.
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Pressure effect on steplike magnetostriction of bilayer manganite single-crystal
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Abstract:

We report the unusual pressure effect on a steplike lattice transformation of single crystalline (Lag 4Prg6); 251 sMn,0;
bilayered manganite, for our understandings of the ultrasharp nature of the field-induced first-order transition from a
paramagnetic insulator to a ferromagnetic metal phase. Application of pressure suppresses a steplike transformation and
causes a broad change in the magnetostriction. A delocalization of carriers is promoted with the applied pressure, resulting in
the suppressed steplike behavior. Our findings strongly support that the step phenomenon is closely related to the existence of

localized carriers such as the short-range charge-ordered clusters.

Keywords: bilayered manganite, pressure effect, steplike magnetostriction

E-mail: matsukawa@iwate-u.ac.jp
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Faraday rotation spectroscopy in II-VI semiconductors at high magnetic fields
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Y. Imanaka
National Institute for Materials Science
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Abstract:

Faraday rotation experiments in CdS and CdSe have been performed at high magnetic fields up to 25T with the use of the
water-cooled Bitter magnet in NIMS. The Verdet coefficient is obtained in the wide range of the photon energy, increasing
drastically near the band gap energy in CdS. In CdSe, however, the Verdet coefficient turns into the negative value from the
positive one in the vicinity of the band gap energy. This anomaly is observed clearly for the first time, and the negative Verdet

coefficient is probably explained by the large contribution from the optical transition of the light-hole band in CdSe.

Keywords: Faraday rotation, II-VI semiconductors, Magnetic field, Spectroscopy

E-mail: IMANAKA.Yasutaka@nims.go.jp
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Fig 1: Faraday rotation spectra in CdS at T=4.2K
up to 25T.
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Fig 2: The photon energy dependence of the Verdet
coefficient in CdS (red curve) and CdSe (blue curve).
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Development of Cu Stabilized Nb;Al Strands for the High Field Accelerator Magnet
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Abstract:

One kilometer-long copper stabilized Nb;Al round strands were economically fabricated with ion-plating and
electroplating. The copper electroplating was successfully done at with the high velocity of 7 m/h. A strong bonding
between the copper and the precursor was achieved, and the mechanical rolling test did not show the separation of the copper

stabilizer from the precursor.
value.

F1 stand because a tantalum barrier was used for the interfilament matrix of precursor.

The rolled NbsAl strands showed no degradation both in critical current density and RRR
Magnetic instability at 4.2 K at low fields was apparently improved on the recent F3 strand, relative to the previously

The large magnetic flux jumps,

which were observed with the F1 strand, were suppressed at 4.2 K.

Keywords: 1km long Nb;Al strand, Cu stabilizer, Rutherford cable, non Cu Jc, Magnetization, Flux jump, Ta, Nb
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Table 1. 1 km Cu stabilized Nb;Al strand specification
Strand ID F1 F3
Strand Dia. (with Cu) 1.03 mm 1.00 mm
Strand Dia. (without Cu) 0.72 mm 0.70 mm
Number of JR Filament 144 222
Geometric Filament Dia. 50 pm 38 um
Cu/non-Cu ratio 1.0 1.0
Filament Barrier Niobium Tantalum
Central Core of Filament Niobium Tantalum
Central Dummy Filament Niobium Tantalum
Skin Matrix Niobium Niobium
Area Reduction after RHQ 71.6 % 71.6 %
I. (42K, 127T) 5829A S81.3A
1. (42K,157) 351.5A 343.0A
non-Cu J;, (4.2 K,12 T) 1,400 A/mm? 1,481 A/mm’
non-Cu J, (42K, 15T) 844.2 A/mm* 873.8 A/mm>
nvalue (4.2 K, 12 T) 40.3 49.9
nvalue (4.2 K, 15T) 355 40.3
RRR (20K/300K) 150-200 80-170
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Fig. 2. Rolling deformation test for F3 strand.

Fig. 3.

180 degree bent test for F3 strand.
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The comparison of magnetization curves (a)

between F1 and F3 for 4.2 K with field ramping rate of 1
T/min, (b) between 4.2 K and 1.9 K for F3 strand with twist

pitch of 45.0 mm.
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Development of Ta-matrix Nb;Al superconducting wire
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Abstract:

We have been developing the rapid heating /quenching and transformation (RHQT) processed NbsAl wires for the future high
field accelerator magnet. However, recently it was found that the standard Nb-matrix wire exhibited a rather strong magnetic
instability at low fields. Accordingly we have started the development of Ta-matrix Nb;Al wires. A precursor wire, in which the
volume fraction of Ta-matrix is 0.8, was fabricated, and the mechanical properties of the wire were investigated and compared with
those of the Nb-matrix wire. Also the influences that the RHQ condition and the area reduction after the RHQT treatment give to the
non-copper Jc and n-value of the wires were studied.

Keywords: accelerator magnet, Nb;Al wire, critical current density, mechanical properties
E-mail: kiyosumi.tsuchiya@kek.jp

1L XL Table 1. Wire parameters.

ABAN - FRERHQT)EIC L D NbsAl LR ILIMTZE 2 Wire ID ME476 ME451
FREICEERL, o BRGS RV EITME I S B 2 ¢ Wire diameter (mm) 133 137
B RO MR ERSR E LTl b5 b0 T  Maiix Ta Nb

i , , Matrix Ratio 0.8 0.7
%o Tk, IST MREBESEHA MM & LT, Z O ; .

Filament spacing (um) 8 6.4

REED TS, IMLES, JTH, Nb v h Y v 7 A NbAl Number of filaments 222 294
M ITRVMERESG AL EEE R T 2 ERA LN E 5T Filament diameter (um) 69 63
Vo ZOFRAE LT, v~ ) w72 ELTEDRLTND Non-Cu Je (A/mm?)
Nb 3% 2 B, Zhic K ARMbE L3 2 L8 EEn S, @ 15T, wo AR 623
ARFFETIE, < bY v 27 ZFFE LTNb LY % Te, He2 28 @I15T.w AR 807 923

V> Ta & U 72 NbsALBRE 23 E L. 2 OBBRAYRFIE &

B RV 2 TR DT FORERICHOWTHET B, BEOETE S » 7 T HEEEE 150 mm T, Ic %3 uV(20uV/m)

DOBIENHET HERME Lz, nfEld 10~40 uV/m OFE
JEEI TR D7z, AREITEIT 5 Ie iD= T — 3% LA
n fEIFZ~30%FRETH D,

2. EBTE
SIELT Ta < b U v 27 254 MEATE) L OGERD Nb = T»
MU w7 ZF (ME451) DFEFE/RT A — K % Table 1 IR,

PR R AR C I, B - R ILBRR ORI i d5 1
DETRD Vickers B DMIE R L O 051 9EHER (&
) Z1T-o7-, BIREERMEITA > A b a Ao AUTOGRAPF
AG-1(Shimadzu) T, BIIEEEIL 1 mm/min. TIT-o7z, F
T2 BIITHAIT ST 72 2 SO FE S RIFREE & Y2 I 5
ZLICRYRDT, BRREROUEICIL, EE~45mm D
G-10 ®AR— v —%FAiz, Y7 EiIEH 300 mm T
H5, WES T NAEHIZK 150~200pum E DR E(LEH %
o & L7z, SUS R E Y EITENT, 800CTx 10h D
EEWHEEZ B o7, ZOhk, 7% G-10 K—v
F—IZB L, 48RS L BEREROBIEZIT o712, Ic

3. ERERLEBE

B DT ¢ T A2 BEBIC bee AHANH SR B St TABR - A
ALEE U 7= > 7 v D HLER(Ta core), 44 & &(Ta sheath),
PR OSMA 7 ¢ Z A > DEROBEEA N TIZ XY &
DR NTEAT DD ARIFERE Fig. 1 1T7-T, LS
OFFEFE LM TIE L & HIha i ER BB RS 558,
WIE U 72 iR =R OFIFA N Tl B B kidAE Can s b
Bomol, FlLNb~ M w7 A LD L Ta =
Y 7 A OMIIC L2 bED LRENZ EH b
Modc, ARPIE TR, fERME SN TV DA
BERYEODMEE 72> TWD, ZAUL, IMET 4 F A B
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Fig. 1. Vickers hardness of the Ta-matrix wire as a function of

the area-reduction level.
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Fig. 2. Yield strengths and fracture elongations of the Ta- and

Nb-matrix wires.

OB LN D & 5 i)/ N S 2 E(10g) % AV 72728
Th b, Fig.2 1T, HEREE LIt o 7L o5 R
REVRDT 0.2%0M /13 L WO CHH, Nb~ Y
v 7 AfE Ta< bV w7 AR ERETRNZ LD
N, ZOXTIRHEINTLIZTa~ MY v v AR O
7723, No =~ hV v 7 ZOENRLY /S 2o TH
LM, THET—ZDEL2ENRREVWED EBbh s,
Fig. 3 1%, J8aE AN AT OHFRAF 0O B S B i LAY RHQ ik
WED EDL BT D20 ETRTHERTH DL, ZDIR
HENI. Nb = MY w7 2 oFn & I<ETWD

700 T
o 5T
600 Lt A 16T
n I\ \.\ = 18T
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€
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X 400
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Fig. 3. Non-copper Jc for samples with various RHQ currents.
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Fig 4. Non-copper Jc for the samples with various RHQ

currents as a function of the area-reduction level.

F 72, Nb-Al O bee fHEAEMT 572D RHQ B &

FERLCTHD Z &N o7, Fig. 4 1 RHQ EFMEA
9@@?5@1‘1 CHRUE N T % 66 L 72356 O R EREE DL
kxR Y, MERBEELEGDTDORKME RHQ HEItfHIL
226A T, BOBEBE M TRIT 40~50%TH D Z LR D,
F7-. RHQ BHMENEY (229, 230.5A)54 . BumnTic
LA BIRBEOBEMEIID VR I LERRE W ERE
EIREEEZ{OND LI TH D,

4. L9

Ta~ RV v 7 2 NbAl B 2R RMEL, 22 - e
B DR OB & 2 RE B o iR SRR By
PRI~ M) v 7 AMENb 26 Ta ICEXTZHE
%0 NIV 72 D03 B REIEIC R X 22 78 1338 0

BRI o Tz, BRI R T, SERMm LIS
RWWAEMTIZ LY EDO XS IZEDLLEM~T-, Nb < |k
U 7 AMM OGA & RBRIZ, Jo Bpfk)d RHQ SEIEIC & &
VARIE L7227 T N —SEMAE S 5 2 & min T &
DAL 30%RRE BRI 52 Lol MR
Nb « N U w7 AR HART, A ORE R B E L
£ 90%DfE & 72> TV D05, £ n-fEIEA 2 D mv (Nb
~ MU v 7 ZEMCIE 20~30 FRETH DAY, AR TIE
40~70 F2JE) Z &AM L7z, ZOREIZOWTIE, BIFfE
FEFTH D,

BEIM :

[1] A. Kikuchi et al., ”Characteristics of Round and Extracted
Strands of Nb3Al Rutherford Cable”, IEEE Trans. Appl.
Superconductivity, Vol. 17, No. 2, p. 2697 (2007)
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Development of matrix-reduced Nb;Al conductors

WEMBWIZTHRE  PEEESR, TTER. SREL T, =L
N. Banno, T. Takeuchi, Y. lijima, A. Kikuchi
National Institute for Materials Science
ERVACER G 1C7) H)IE FlFnz
K. Tagawa, K. Nakagawa
Hitachi Cable, Ltd.

Abstract:

The reduction of the matrix ratio is expected to directly improve the overall critical current density of the transformed
NbsAl conductors. This is simply because it is believed that the property of the transformed Nb;Al phase does not depends on
the wire configuration like the filament size or matrix ratio; the property is principally controlled by the rapid-quenching
condition or the transformation condition. Therefore, the main purpose on the study of the matrix reduction is focused on
investigation of two subjects; (1) the drawability of the composite precursor wire, (2) the feasibility of the rapid-heating and
quenching (RHQ) process. In this work, two types of NbsAl conductor with different low matrix ratio of 0.25 and 0.5 are
designed. In order to compensate the mechanical strength, Ta matrix was used instead of Nb on both wires, because Ta has
better yield strength. In case of the lower matrix ratio wire, it might be summarized that the drawing is possible but the RHQ
treatment is not possible. In case of the 0.5 matrix ration wire, it might be summarized that the drawing would be possible
and the RHQ treatment also would be possible; however it is necessary to avoid the unwonted bend strain subjected on the
wire in the RHQ treatment.

Keywords: Nb;Al, matrix ratio, RHQ, drawability
E-mail: banno.nobuya@nims.go.jp

1. iU ®IT LT ¢ 1.10mm F B L7-%. &INED Cu-Ni 25l

BERN - ZEHETE N ALBRB L, 2 OBRUE DR
5. CuZEOLEM No EDOFERSER~ N 7 X,
Nb;Al BIRE T T A2 b &V )RR EZ & > T
B, ZOHL, @EOEGR CERBENTEF SN A
31 NbsAl BIRE T 4 7 AV FETDOHTHY . Nb
LOEEESR~ B 7 AT, AEERF O O
MREGTREE 2R DT DI STV B2 T, &l
BIZHE LT, SRR 72063 D Nby Al #0035
HIIE, Cu LM R H 3D NbAl 7 1 T AV B
IRFEERITK 56%, 7RV N~ Y 7 AERIRTH D, 1t
STIZDORYE~ M) 7 AER RS EDL LN T
R, BEEEOEFEER Lo 43721 . Overall DEF S
BIREEOR EN G535 EHfFEND, AL
T, ¥ MY 7 RAEARR S W72 2 FEOBMRES
ArTe, —2lI~ FU 7 A 025 (Nb;Al 7 4 T A
MEFER : 75%). b9 —20F 0.5 (Nb;Al 7 4 T A
MATESR : 67%) TH D, T DOHIBRARE AR Ok
T & AEE A O AME, B X OB TRE
BEPEIC DWW TS T 5,

2. EBRHE

ek D MM 72 iniE~ NV 7 A2 0.8 THhHo 7=,
AT, BAZABDD72DIC, ~ b U 7 2025
(IFIFHRFFDOIRFE) (Wire A) 38100 0.5 (Wire B) &
2 OB OREE T -T2, EMmEAMET 52
WIZ, < b U 27 A% Nb T7/2< Ta & L7=, Fig. 112,
& LT~ MU 27 2025 DR O REEL E LD
72 Fig. 2 [ZIXF-HHM W B2 % 17,

3. ERFERLEBE
FPMBIN TS VW THRET D, ~ U 7 Rk
0.25 AT, BIBREHMER TRICBIT 2~

Ely FOBEKEMRHIZIZ 100 LA EHER LT,

B L7~ v F B Ly MEEKEME#EEZ VT
11.0mm (ZFH LETHEE @ 4.72), & BICERINT % i

RIZE Dy T 7 TBREL, ¢ 1.0mm O Nb/Al BiER
IRBRET & LTz,

< VFHAIE, ¢ 11.0mm THHE, 1 240D
B varkE15%E LTHEA AMifrEIT o7, L,
¢ 1.99mm THHR L, B 6 1.10mm)FE TOHFRIC
BT I HIZH#RT % & RHQ L% i 25 7= Dt
IRV EHER(6m)DFER CTE R 7R D AIREMEDR H D728,
ZA APERE PR L, By ha—T— & A AMiERELT
ofz, FDOHIT, EHHRTOMBMB AR TH T,

| 1) Hydrostatic extrusion for JR single billet |
|

| 2) Dies drawing and stack |

3) Hydrostatic extrusion for multi-billet
(outer sheath: Cu-Ni, extruded size: @11.0 mm, ratio: 4.72)

[ 4) Normal Dies drawing (reduction: ca. 15%) |

| 5) Wire breakage; @1.99 mm (with Cu-Ni) |

[ 6)CRD drawing (with Cu-Ni on the surface) |

7) Normal Dies drawing at last pass
size: O1.1 mm with Cu-Ni
1.0 after Cu-Ni etch-off

Fig. 1. Result on the drawing process of Wire A (matrix
ratio; 0.25, wire diam.; 1.0 mm)

(a)h (b)

|
Fig. 2. (a) Wire A: matrix ratio; 0.25, diam.; 1.0 mm
(b) Wire B: matrix ratio; 0.5, diam.; 1.13 mm
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Wiz~ MY 7 2 0.5 OBFA OMBM TORERIZS
WTHET %, BETRIZEANICHITEL R L TH D
N, RBIEOLEITITE R(LE K5 72 DI A& iLAGA
HELVy YA XKL T, 400 o7 L REAE
AL © 4.2), ABHMIZ, EOREICERTY
LD ZWRNRAE Lz, FRHED ¢27.5mm 7226,
¢ 3.1mm F TOWREM LORI Wik 3 [EFA L,
ZZ TG EEEF L CEDOHROML 2R, F
FHEENTZAARD S B 1ARIZHOWTE, BRI TR
% 15%0 5 6%ICFE THE L, ¢ 1.48mm F CHRmEMN T
FTHZELERRIZEZ A, HRIITRETH -7, CRD
R, R — RPN T ST LRV, B A
FLRETHMARLH Lic, TRLOLO/BERND, Mk
RS ELEDIIE, T TE LRV BEAMEM O
BEENE BTS2 ERNET, A TEEINTIZRE N
TIE, BB 208 CE HIR Y @ oMY 1 2
ZRIHL T, NEBOWEAMEROELEZH ST ENLEE
LWeEEZHNS,

WIT, T D DORTERAHRIF 2 Nb(Al)iEE3F0 [E A~
LY S D T2 6D D AEEIS IR IC BT S RS R
OWTCHET B, Fig 3 12, S okt Lasen
SLBR L 7= BR o0 SR 22 8 A BB E & IR O & 78T,
INERD & ERRAEZICHRRARAE L, BENK
LLAEBHLTWDEZ ENNND, BIREENS, B
IXEEM S B U T AIBEICRB W T 5 2 & 0MileiR
ENT A O T 47 A2 FREAY TIRIEF IS #L<
RIZ Ta ZEM L7z & LT HERAYTRE DS KIEICIK T
LTWA I ERHERIESN S,

Fig. 4@~ kYU 7 2 0.5 %8 O @2 m LB o> — 4]
TR, AT ¢ 1.35mm ORI L TAaRES
WIREAT > TV, ZORICRET L 51T, filET-
THWHRRDSHET Do I, HE ORI A HER L T,
Wi oy & A L 7RG 2R, WidiB &<l UV — Lo F
AICH /NS REHAR RO L ZATRAELTNS I &
DNHIBA U7z, B> TWIRRIZ, M 2SBE Ic i B4 %
ZHEZENRNEEZLND, £2 T, MO
BHEMIRIRT B 72D, B OR%E ¢ 1.35mm
5o l.13mmETHEL LT, BEASGEAEZRLT-,
DA, Fig. 4b)CR LD K DI, BER L
BEMRET LT,

Tt \ZIEHT & 72 0 O BRI P R & Fig. 512
R, ZOMIREND L DT, non-Cul ., <KV
I ADIRIEINZE-> Tl E L, 15T O/BEY T C
1000A/mm’® Z 8 2 NI E R Uiz, 5% J [ ko
701, ~ b 7 A 05 IZHENR LD E LTHR
ZBHMENRD D,

-
—

150 T T
current
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z
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Time (s)
Fig. 3. Current and voltage signals in rapid-heating

and quenching fo 0.25 matrix ratio wire.
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Fig. 4. Current and voltage signals in rapid-heating and
quenching fo 0.5 matrix ratio wire.
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Fig. 5. Non-Cu J, vs. magnetic field.
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Microstructure and Jc property of Nb;Sn wires using high Sn bronze

H 7 EERR(E) HIEFE, fRdER e, = Fmc
Kohei Tagawa, Shoji Inaba, Katsumi Miyashita
Hitachi Cable, Ltd.

WE - MBS TTINEER
Takao Takeuchi
National Institute for Materials Science

Abstract:

For the Jc property improvement of the bronze method Nb;Sn wires in high magnetic fields, the wire was manufactured
by using 17wt% Sn bronze. And then, differences of microstructure and Jc properties by heat-treatment conditions of three
patterns were investigated.

Because there was not correlation in the Nb;Sn layer thickness and the Jc property, it was confirmed that the increase
of the Nb;Sn layer thickness was not tied to the improvement of the Jc property directly.

On the other hand, there was correlation in the grain size and the Jc property, the Jc showed a tendency to become
higher so that grain size was small.

Keywords: microstructure, grain size, non Cu Jc, NbsSn, high Sn bronze
E-mail: Tagawa. kohei@hitachi-cable.co.jp

1. IIT®»IC

71 XYL Nby Sn B EEMM T @S~ 7% v M
WELTRLEAEFELAT LM TH L0, NMR
BT, STRE R L0V igkER Lo, B s
ERESER R EBREBE (oD LR b TWnd,

7o v R NbsSn b Je Bk, 7 e Xdo
SnBEICKESEEINDZ LD, & Sn BE(IC
L 28 I ALOBRFI TN TE Y | BETIL Sn JRIE

Fig.1 Cross-sectional view of the Nb;Sn wire

l6wt% 7 1 v X% H L= 7 1 o X5 NbySn B8 2352 used 17wt%Sn Bronze
filbEh T, [1] ) PR T i ]

B ld, WRETTO RO Jo $EUEE BRI, | [T 2e T ol ay
V& Sn EEDT e X e AWM A B T e @) 24 '
STHEOQ2] 1TWt% 7 v A& LIS i @ 500 L

2 Pattern 1: 670Cx96h
DL Tna, g 400 Pattern 2:

1L, AR ORI OB ED Nosn B B (550-700C)/50h+T00CxI 0%
il i L B0 50Ty 20t €300
B HOWTHET B, 200 pattern 1

100 —-—-- pattern 2 i
2. KB Y i . |

8L L 7= 16%Sn 35 X OF 17%Sn #ibF D766 % Table 1 0 S0 100 150 200
o WFTEE A Figure | 1077 Time (hour)

RS U 7= b1, Figure 2 13k 5 72 3389 0% Fig.2 Heat treatment pattern
PR CEVLER U | PR 2236 L O Je Rt O FEATT & 3. ERFERLBE
1Tz, BB DT 4 T A2 b D SEM H.HE % Figure 3 |2,

non Cu Je-B ¥4 % Figure 4 127”79, Figure 3 7> 5 1%,

Table 1. Specificati fNb;Sn wi . .
able - SpecTlicalions 0" Whson WITes ELALEY pattern 2 33 J2 U pattern 3 (2330 T Nb,Sn A= ffAH

Wi 17wt% S . .

- S IS | ZHD ORI Je BHEICER - BULEL T 5
Size (mm) 1.29x2.13 ) )
Bronze composition Cu-17%Sn-0.3%Ti £ OZRBDNTA, Jo-B FHEA LT D & pattern 3
Filament diameter (um) 4.0 I Je @S DO pattern 2 13 pattern 1 £ 0 % Je (31K
Filament number 50,749 WHER L 7p o 7=,
Cu ratio 0.27
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Fig.3 Cross sectional views of Nb;Sn filaments
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Fig. 4. non Cu Jc-B characteristics of Nb;Sn wires
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Fig. 6. Grain size in Nb;Sn layer
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RHQT NbsAl superconducting wire prepared with rapid heating and quenching conditions

Yrg - MOEHFTERERE  BRIBET . AGuMESL, fEEEER. MTNEESR
Y. lijima, A. Kikuchi, N. Banno and T. Takeuchi
National Institute for Materials Science

Abstract:

The RHQT (rapid-heating, quenching and transformation) processed Nb;Al superconducting wire has a larger critical
current density J. in high magnetic fields and better strain tolerance than Nb;Sn does. Thus, the Nb;Al wire is one of the
most promising candidate superconductors for the large-scale and high-field applications. In this study, we investigated for
optimization of the RHQ condition about JR wire of the short Nb/Al diffusion distance. And we examined the effect of the
superconduction characteristic improvement of RIT and JR wire which gave drawing.

Keywords: Rapid-Heating, Quenching, Transformetion, Niobium 3 Aluminum, Superconducting wire

E-mail: IIJIMA.Yasuo@nims.go.jp

1. IITHIT

AFRIZ IV T F4 13 RIT {5 TFERL L 72 Nb/Al-5at%Mg
RIBRIAHRAL 2 VT AR ALBRINE 0 18 75 B AR ]
BIOWMBENEE (GmiEE) 22 eafam
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JEDHE# N R ERMTH & AL N2 W a5
72T, TR IERTEAEA & - B EhRE (S
) LREEERRA ISR ET D I & TARBE
EMEBE 2 ZNENEE L, SESW KT oKk
TV, BEESEICRETEEBIC OV TR Z{T-
72o FEiz. NbsAl ~OZRERVLE RO 2T GRAaR
bee FEVARIAY) OMTAC X 2SO LSS
ENTWDH2, RIT B L OVIR EEHRA IO T B @
BNT 2 M L, T & B8R & OBIRE T,

2. ERRGIE

RIT ERTBRARAA L, 7 BB AX—F LEF T L
AL I =H T F 2 — T TER L2 4% 0.73mm,
Al A48 %% 102,487 (7x121x121) A, Al A48
0.6 £ m, @ Nb/Al-5at%Mg L fsf & FV, TR (AR
(RBAIEAME 1.35mm, 3K 13285, Nb~ hVU w7 X
I 0.8 DEISHAM & IV 72, RIT IE#84 13 RHQ ALHR,
IEREBMUER % fi 3 & IR 121 S Nb~ R Y v
7 A 3.16 OWIERERIZ 72 5,

RHQ WL, #MMBELEE 033, 0.67. 1.00m/s O 3
Fi3A, E@EBEMRMND 10, 20, 30cm O 3 FEL(L X+,
TNERIERT & Al 03 9 Ml A G bt % RIT 513 9 &
T, TR BT BRI R IMEABIRFEOHKIN G 5 5
AT o7z, BEREIHREETEE (LS ETITV, B
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Fig. 1 Dependence of T, on reduction ratio of
Ccross section.
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Fig.2. Dependence of J. on reduction ratio of
Cross section.
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Jc-B properties of rectangular shaped Nb3Sn superconducting wires prepared with 16wt%Sn bronze.

JASTEC Kt bsefh, 2257 MEWR
Yukinobu Murakami , Hiroyuki Yasunaka®' , Seiji Hayashi
Japan Superconductor Technology Inc.
*1 Sinko Research Co,.Ltd.
W - MBI ARARTTR, RERA. FEEAS. REF
Shinji Matsumoto , Toshihisa Asano , Kikuo Itoh , Tsukasa Kiyoshi
National Institute for Materials Science

Abstract:

A rectangular shaped Nb3Sn superconducting wire with 16wt%Sn bronze was manufactured to investigate the critical
current density (Jc). The Jc-B properties of the wires prepared with several conditions of three-step heat treatment were
measured in high magnetic field region by the hybrid magnet in NIMS. As the results, all samples show almost same Jc in
high magnetic field higher than 21T, but the sample that was heat-treated for longer duration at lower temperature shows
higher Jc in relatively low magnetic field.

Keywords: Nb;Sn superconducting wire, critical current density, 16wt%Sn bronze, three-step heat treatment
E-mail: murakami-jastec@kobelco.jp

1. IIT®»IC

7 L R NbsSn B IZ BV TR, 7 a o X Sn
BREZ#EINSE D 2 L BERERBER LICEHTH
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7272, 7o 2 BEBEENVLBEC Je A T2 DIz
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ONTND LS L BB EZEAT L Jc BED
AT 2 b BRRE, A, ZORBRBLENG 3 B
ERLEIZ X 5 Jc DL ETE LD T, TOFEHRIC

Fig. 1 Cross sectional view of the Nb3Sn wire

Table 1 Specifications of the Nb3Sn wire

Cu to non Cu ratio 0.3
PVTHET D, Bronze matrix Cu-16wt%Sn-0.5wt%Ti
Filament material Nb
R Number of filaments 20311
ARIHE L= 7 v X35 NbsSn B OWiE % Fig.1
[T, % O Table 1 1R I8 Y T %, Filament diameter (1 m) 30
WEARBEAT o 7 2 BERSEVLER T, KT o BB IRE
EIEES 2 & Jo M EICAPTHD &V D REREL Table 2 Heat treatment condition of the samples
72 V03, A Je AA BT B 0T EE ST s N
TR, BRI SN T . 7§ 0 ST Temperature and duration
STV BB TIRARVA, SRR Table 2 17T Sample | 550°C 6201 700C
HT-1 776 HT-5 O 5 Sfb > 3 BB m 2 i L, & Ref-1 - - 100hrs
W Jo &R Lz, F7o. 1 BREBVARL L 2 Bt Ref-2 - 150hrs 50hrs
B ONREN 2 EM (Ref-1,2) TREIZHSNTHE HT-1 100hrs 50hrs 50hrs
BLDWEKEIT-T-, o, HAT v T ORI HT-2 50hrs 100hrs 50hrs
1% 550°C-620°C-700°CIZ[EH & L . - E A OLREFIRH] & HT3 50hrs 50hrs 100hrs
ZAESHDHZ L THT-1 206 HT-5 DSRFEZRE L T T4 150hrs SOhrs SOhrs
B3, AT E OIREIRO B Jo 1f] LICHZh A% HTs sohrs 150hrs sohrs

HIEIZ T 272D ThH %,
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Fig2  Jc-B properties of the sample for several
three-step heat treatment conditions.
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Fig.3 Comparison of the sample Jc at 18T and 20T
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Fig.4 Comparison of Jc-B properties with different

heat treatment steps.
4. £+®

16Wt%Sn 7' 12 > X & fifi i L CHRIAE L 72 -4 Nb;Sn
Mzt LT 5 4efth oo 3 Be R BMLIR 2 Jita L. Jo DREGIK
FVEATHN L7, EORER. 3 BRFEBVAEE TIE, 1 B
BRI HE T e DM LR B D 03 2 Be B b
IZIEIERIZED Je 2R L, 27 &b 550C & v 9 KR
MNZ AT v 7 %EBMLTE Jo OB EIFHFFTE 7220
TN o, TOZEND, Je A EICiE 620°CHT
BORERTHLRERNMRFET 2203685
263, ZOREHRCED LI RISHEEZ o TV D
MDEFHRDZ L TEH Je LD A =X LBH LN
LEWRIIND,

BE

DAS ES2{d1E A “16wt%Sn 7 & o X % V7= 52 HHAE
Nb3Sn ##F DBA%”  TML Annual Report 2003, p.48-49.
DFF ESEMIE - “16wt%Sn 7 v v X & V7 A
Nb;Sn 44 O ERESFFE”  TML Annual Report 2004,
p.68-69.

A ESEMHIEA - “16wt%Sn 7 v v X & VT A
Nb;Sn #8F D Je-B ##:”  TML Annual Report 2006,
p.59-60.
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Measurement of the JcBTe characteristics of Nb;Sn superconductor for ITER

MNTATBUEN AR AT 52 B e A

B RK, LR B R mE

Yoshio OKUI, Tsutomu HEMMI, Yoshihiko NUNOYA
Japan Atomic Energy Agency

WE - MR TERRAE

D= AT

Kikuo ITO
National Institute for Material Science

Abstract:

We are examining the JcBTe characteristic of the superconducting wire for ITER in JAEA. The Walters-Spring in NIMS
can apply more wide-ranging strain to the wires. But it was difficult to control the temperature of sample. We improved the
shape of Spring and optimized parameters of temperature-control. We could measure the JcBTgcharacteristic of Nb;Sn wires

for ITER in wide range of strain and temperature.

Keywords: ITER,Nb;Sn,JcBTe
E-mail: nunoya.yoshihiko@jaea.go.jp
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7 OY R L RIEFE OF X EMO RIE L& %M LT,
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Fig. 1 Diagram of experimental set-up
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Fig. 2 FEM analysis for improvement on the spring
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Fig. 3 Results of temperature control at 12 T
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Fig. 4 Ic vs Strain of Nb3Sn strand at 12 T
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High-Field Performance of Nb;Sn Superconductors Prepared by a new Process

B R

KT, Wi, HEDES, 2 ARG, LA EEL

Kyoji Tachikawa, Yuuki Hayashi, Koei Nakata, Hiroki Sasaki, Masahiro Yamaguchi
Faculty of Engineering, Tokai University

WL FEHIF SRS

(UESESPS

Takao Takeuchi
National Institute for Materials Science

Abstract:

Sn-Ta based alloy buttons of different compositions were prepared by the reaction among constituent metal powders at
~780°C. The buttons were then pressed into plates. Sn-Ti based alloy plates were sliced from the melt and cast ingot
Resulting Sn-based alloy plates were rolled into thin sheets, which were laminated with a Nb sheet and wound into a Jelly
Roll (JR) composite. The composite was encased in a sheath, and fabricated into a thin wire followed by a heat treatment at
700-775°C. The JR wires using Sn-based alloy sheets show a non-CuJ, of 200-250 A/mm? at 20T and a B, (mid) of 26.8T at
4.2K. It has been found that the Nb diffuses into the Sn-based alloy layers, and Nb;Sn layers are synthesized by the mutual
diffusion between the Nb and Sn-based alloy. This new diffusion process yields thick Nb;Sn layers with stoichiometric A15
composition, which may be the main origin of excellent high-field performance obtained in the present wires.

Keywords: superconductor, Nb;Sn, Sn-Ta sheet, Sn-Ti sheet, Jelly Roll process, diffusion reaction, high-field performance

E-mail: tacsuper@keyaki.cc.u-tokai.ac.jp
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Fig.1 B, transition at 4.2K for 4/1(Sn/Ta)-4Ti+3Cu
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Fig.2 I.(non-Cu J.) versus magnetic field curves of
different Sn-Ti based sheet wires.

Fig.3 EPMA composition mapping of Nb (left), and line scanning curves (right) for Nb;Sn layer formed on
the sheath in the 4/1(Sn/Ta)-3Ti+3Cu sheet wire reacted at 750°C for 100h.
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Fig.4 Schematic diffusion reaction in the Nb/Sn-Ta JR wire.
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Critical current of the Nb;Sn wires manufactured from Sn-Ta based sheet at high magnetic fields
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Sakaru Endoh, Susumu Yagisawa, Masahiro Sugimoto, Hirokazu Tsubouchi
Furukawa Electric Co.,Ltd.
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Faculty of Engineering, Tokai University
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Akio Sato, Michio Kosuge
National Institute for Materials Science

Abstract:

Critical current properties of the Nb;Sn wires manufactured by Jelly Roll (JR) process with Sn-Ta based alloy sheet at
high magnetic fields were investigated. It has been known that the JR wires using Sn-Ta based alloy sheet show higher
critical current properties than bronze-processed wires. The copper stabilized JR wires with different content of Sn-Ta based
alloy sheet were manufactured and their performance was investigated by 30T hybrid magnet. In the JR wire using
3/1(Sn/Ta)-2.5Cu-4Ti sheet and heat treated at 725°Cx100H, the critical current density without copper is 191A/mm? at 20T.
This result is appreciably higher than the critical current density of commercial bronze-processed Nb;Sn wires.

Keywords: high magnetic field, superconductor, Nb;Sn, Jelly Roll process, Sn-Ta sheet, heat treatment condition

E-mail: sakaru@ho.furukawa.co.jp
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Table.l1 Parameters of the Jelly Roll Sn-Ta based composite wires
Wire No. #1 #2 #3
3/1-5Cu 3/1-2.5Cu-4Ti 4/1-3Cu-3Ti
Sn-Ta Sn:Ta=3:1(at%) Sn:Ta=3:1(at%) Sn:Ta=4:1(at%)
es Cu=5wt% Cu=2.5wt% Cu=3wt%
Composition
Ti=4at% Ti=3at%
Nb core Nb-1wt%Ta Nb-1wt%Ta Nb-1wt%Ta
Nb barrier Nb-1wt%Ti Nb-1wt%Ti Nb-1wt%Ti
Cu stabilizer 48% 32% 32%
. Nb core 2% 4% 4%
Volume fraction .
Nb barrier 36% 34% 34%
Jelly roll 14% 30% 30%

LN

(A) Before heat treatment

Fig.1

=

Jelly Roll Part

(B) After heat treatment (725°Cx100hr)
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Typical cross sectional view of #2 wire ( ¢ 1.0mm)
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Fig.2 Sn-Ta sheet composition and heat treatment condition dependence in Jc-B characteristics of the different wires
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Fig.3 Jc-B characteristics under high magnetic fields
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Development of Jelly-Roll processed Nb;Sn wires.

ASCEMR () KE—3, KFSFE, EEEE, Bz
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K. Tachikawa ; Faculty of Engineering ; Tokai University
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T. Takeuchi ; National Institute for Materials Science

Abstract:

Jelly-Roll processed NbsSn wires having the thick Nb/Sn Jelly-Roll layers have been developed. Cross-sectional
observation revealed that layered structures of Nbs;Sn were generated along with the thick Nb/Sn layers after heat treatment.
The non-Cu Jc of the wire was increased up to 270 A/mm? at 20T, which is 40% larger than that of conventional Jelly-Roll
wires, and is almost twice as that of bronze route Nb;Sn wires.

Keywords: Nb;Sn, Jelly-Roll wire, Jc
E-mail: ohata.katsumi@hitachi-cable.co.jp
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Figure 1 Cross-sectional view of conventional
Jelly-Roll Nb;Sn wire.

Table 1 ecifications of the Jelly-Roll wires.
Items \ Sample (a) (b) (c)
Core(@3mm) Nb Nb Sn-2%Ti
Material Sn-2%Ti-5%Cu /' Nb-1%Ta
Jf;ﬂly{ Thickness(Sn)  0.09mm 0.27mm(0.09mm>x3)
layer Thickness(Nb) 0.lmm 0.6mm(0.1lmmx6)
No. of layer 18 4
Barrier Nb-5%Ta (0.1lmmx7)
Sheath OFC (¢12.7/¢11.5mm)
Volume Sn 0.25 0.19 0.25
fraction Nb 0.58 0.63 0.57
Cu 0.17 0.18 0.18
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(a) Nb/Sn
(Nb-core)

(b) 6Nb/3Sn
(Nb-core)

(c) 6Nb/3Sn
(Sn-core)

Fig.2 Cross-sectional views of the JR Nb;Sn wires after
drawing (¢ 1mm).
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Fig.3 Cross-sectional views of the wires after heat-treatment
(¢1mm , 700°Cx150hrs).
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Fig.4 Jc-B characteristics of the JR wires.
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Table 2 Specifications of the multi-filamentary JR wires.

sample (b) ()
Number of filaments 19
wire diameter 2mm
filament diameter 330 um
JR layer thickness (Nb/Sn) 17/8 p m
Cu ratio 0.73

(b) 6Nb/ 3Sn
(Nb-core)

Fig.5 Cross-sectional views of multi-filamentary JR
wires (¢ 2mm).

(c) 6Nb/3Sn
(Sn-core)
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[1] K.Tachikawa, et al., IEEE Trans. Appl. Supercond., 15
(2005) 3486.
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Effects of Mg Addition on Nb;Sn Wire Fabricated through Diffusion Reaction between Nb and Ag-Sn Alloys
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the University of Tokushima
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T. Takeuchi, A. Kikuchi, and T. Kiyoshi
National Institute for Material Science

Abstract:

The Mg addition was found to improve the superconducting properties of Nb3Sn formed through the diffusion reaction
between Nb and Ag-Sn alloys. With the increase of Mg addition from 2 at% to 6 at% in the Ag-Sn alloy, T, B.,, and I, of
the formed Nb;Sn were improved. The Nb;Sn fabrication temperatures are also apparently reduced with the Mg addition.
The improvement mechanism due to Mg addition is not clear. On the other hand, with and without Mg addition, we could
scarcely observe the Nb;Sn layers between Nb and Ag-Sn alloys by using OM, SEM and EDAX observations, because the
thickness of Nb;Sn are very thin, typically less than 0.1 um. The Nb/Ag-Sn-Mg multifilamentary wire showed a similar
high non-Cu overall J. to that of the bronze-processed Nb;Sn multifilamentary wire without Ta or Ti additions. Very large J.
in the Nb;Sn layer could be expected. Optimization of the wire configuration of the Nb/Ag-Sn-Mg should be interesting,
because bery high non-Cu overall J, may be obtained.

Keywords: Nb;Sn formation through diffusion reaction between Nb and Ag-Sn, additional effects of Mg to Ag-Sn alloy,

multifilamentary Nb;Sn wire
E-mail: inouek@ee.tokushima-u.ac.jp
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Fig. 1. T. vs. heat treatment time curves for
Ag-9at%Sn-2at%Mg/Nb, Ag-9at%Sn-4at%Mg/Nb, and
Ag-9 A T %Sn-6at%Mg/Nb wires with single-core and
180-core, respectively, These wires were heat treated at
600°C and 750°C
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Fig. 2. 1. (4.2K) vs. magnetic flux density curves for

Ag-9at%Sn-2at%Mg/Nb, Ag-9at%Sn-4at%Mg/Nb, and
Ag-9at%Sn-6at%/Nb wires with 180-core and 15000-core,
respectively. These wires were heat treated at 700°C for
40 hr.
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High field properties of MgB2 thin film
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National Institute for Materials Science

Abstract:

The critical current densities (J.) of MgB, thin films deposited on a-Al,O; fabricated by a precursor and post-annealing
process have been investigated in high magnetic fields of up to 30 T. J, values of 2.8x10°, 3.0x10*, and 3.7x10° A/cm® were
obtained at 4.2 K in external magnetic fields of 10, 20, and 26 T respectively, applied parallel to the film surface. These
values were comparable to those seen for Nb;Sn in fields up to 18 T, and surpassed them in fields over 18 T. The H.,(0)
estimated from the resistivity measurements was 45 T. Transmission Electron Microscope (TEM) observations of the
microstructures suggested that grains 10-20 nm in size exist that show no epitaxial growth relationship to the sapphire
substrate. J, enhancements in fields up to ~26 T are due to the strong grain boundary pinning associated with the small grains

and the small size of MgO precipitates.

Keywords: MgB,, thin film, Jc, connectivity, H,
E-mail: MATSUMOTO.Akiyoshi@nims.go.jp
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Fig.1 7. transition curve
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Fig.2 Plot of Hy, and irreversibility fields values Hj,
as a function of temperature evaluated on the basis of
a criterion of 90 and 10 % of the normal state
resistance in various magnetic fields and temperatures.
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Fig.3 Jc-B curve of MgB, film in high magnetic fields.

Je BTG R DA 7TV v R~ Ry b &fi
ML TITo T, WD EREBHA D Nb-Ti =
Nb;Sn, X HIZiFMD  MgB, #A LM ORE L b X
IR L7z, MgB, S0 13 Nb-Ti (KRG iR I Tl & T
2B OO, 9T BLED Nb-Ti TIEAR Al BE 72 = i 4 fE I
F Tl RGN ZERbhoTnD, —J, o
FEOBERIZE DT & A EMERA CRBIZEA L TL
Fo, INbIT LT, AEWER L-#EEZTWTho
MgB, BZEERO DO XV b & Je BEER cHon
TW5HZ bbb, % OfEIE NbySn FE M I VLK
L. EHIZ26T £Tlc FERG LN, ZOE Jo FF
TEIT MgB, # BB O BR AR A S BN & MgB,
R T- 2N — ORI 7R 720 . FE AR A B 1k oD S
ELTHMBN TS Z &, EHI2iE MgO 72 &
SR NEIEDRELTHETHD Z & TEM #l
B > THL D E 2o 72[4],

4. £+

MgB, BGE#E R Z LA« L—P— 2 L HKER
FOBT7T ==L D2 AT v FHEIC K> THERIL 72,
15 BT EIRIC SOV T RS TSR 1T 2RSSR D
T AT o7, SR TICBT D Je Brthofs 5, 1k
ST MgB, HIFEIL 2N E TOBM., AL r 2EnT-
MgB, BiZEEIZBW TR bEmWMEEZ R Lz, $iz,
Z OfEIFFEH NbsSn BAFIZITHE L. MgB, D&V VR T
UV NVEIRT 2 ERHIRT,

BER

[11 A. Matsumoto, H.Kumakura, H. Kitaguchi, B. J.
Senkowicz, M. C. Jewell, E. E. Hellstrom, Y. Zhu, P. M.
Voyles, and D. C. Larbalestier: Appl. Phys. Lett. 89 (2006)
132508.

[2] X. Zeng, A. V. Pogrenyakov, A. Kotcharov, J. E. Jones,
X. X. Xi, E. M. Lysczek, J. M. Redwing, S. Xu, Qi Li, J.
Letteieri, D. G. Schlom, W. Tian, X. Pan, and Z. -K. Liu:
Nature M 1 (2002) 1

[3] C. B. Eom, M. K. Lee, J. H. Choi, L. J. Belenky, X.
Song, L. D. Cooley, M. T. Naus, S. Patnaik, J. Jiang, M.
Rikel, A. Polyanski, A. Gurevich, X. Y. Cai, S. D. Bu, S. E.
Babcock, E. E. Hellstrom, D. C. Larbalestier, N. Rogado, K.
A. Regan, M. A. Hayward, T. He, J. S. Slusky, K. Inumaru,
M. K. Haas, and R. J. Cava: Nature 411 (2001) 558.

[4] A. Matsumoto, Y. Kobayashi, K. Takahashi,
H.Kumakura, H. Kitaguchi, APPLIED PHYSICS
EXPRESS1 (2008) 021702

_56_



Bi— 221 28R EROMES PR KRN

Critical Current density of Bi-2212 wires at various temperatures and high magnetic fields

H AR S Fepss

MREF R, LT

Takaaki Isono, Kiyoshi Okuno
Japan Atomic Energy Agency

W - MR TERRAE

= AT

Kikuo Itoh
National Institute for Materials Science

Abstract:

Measurement of critical current density (Jc) of a silver sheathed Bi-2212 round wire with Ag/Sc=1.3 is in progress to
establish data base of the wire for application to Toroidal Field coils of a fusion power generation system. Degraded Jc of C
shape sample was measured in last year, but new sample shows double value of Jc compared with the value of last years
sample. So we guess that the sample measured last year had abnormality.

Keywords: Bi-2212, critical current, high magnetic field
E-mail: Isono.takaaki@jaea.go.jp
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Fig.1. Cross sectional view of the Bi-2212 wire having low silver ratio.
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Hoop Stress Tests of Bi-2223 Double Pancake Coils
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Abstract:

High-temperature superconductors (HTS) are considered to be indispensable to realize NMR magnets that exceed 1
GHz. HTS are brittle, and it is not easy to apply to superconducting coils such as the inner coils of the >1-GHz NMR magnet.
Bi-2223 conductors are most promising because they are commercially available and can be obtained with lengths of more
than 1,000 m. Double pancake coils with an inner diameter of 260 mm wound from Bi-2223/Ag conductors of the Sumitomo
DI-BSCCO (high-I. type and high-strength type) were fabricated to evaluate the hoop stress dependence of the critical
current of the coil. The double pancake coils were tested using the 14-T superconducting magnet with a room temperature
bore of 400 mm in diameter at the Tsukuba Magnet Laboratory (TML). The critical current of the high-I, test coil was 164 A,
where the hoop stress was estimated at 323 MPa. The critical current decreased to 140 A after energizing the coil above a
hoop stress of 300 MPa. The high-strength test coil burst at a hoop stress of approximately 200 MPa.

Keywords: Bi-2223/Ag double pancake coil, hoop stress
E-mail: matsumoto.shinji@nims.go.jp
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Fig.1 Bi-2223 double pancake test coil.
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Critical currents of Bi-2223 tape conductors reinforced by stainless steel in high magnetic fields
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Abstract:

Bi-2223 superconducting tape is a candidate for conductors of the inner most coil of 1 GHz (23.5 T) or more class NMR magnet
that is operated at 4.2 K. However, the mechanical properties of the Bi-2223 tape without additional reinforcement are not good
enough to endure electromagnetic force during transporting a practical level of current in magnetic fields over 20 T. In this work,
critical currents of the conductor reinforced by the stainless steel in magnetic fields up to 28 T have been evaluated at temperatures of
4.2 and 2.2 K. The resulting overall critical current density which is determined as critical current divided by total cross-sectional
area of the tape has exceeded 200 A/mm® in 28 T in the case of applying field parallel to the conductor surface.

Keywords: Bi-2223, critical current density, magnetic field, NMR

E-mail: hase.takashi@kobelco.com
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Fig. 1 Magnetic field dependence of critical currents for
conductor A, which have been measured during increasing or
decreasing field at 4.2 K.
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Trial manufacture of RHQT NbsAl cable-in-conduit conductor

WL - MPEMTTERRA PRk, WIS, CRERE AR
Takao Takeuchi, Hiroyuki Takigawa and Nobuya Banno
National Institute for Materials Science
mRRE PIEMR, Lk b
Masami Nakagawa and Kiyoshi Inoue
Tokushima University

Abstract:

We have succeeded in making a superconducting V-Ti alloy multifilament wire using the diffusion reaction between
constituent pure-metal subelements, which can omit the melt-and-casting step and may reduce the fabrication cost. In order
to obtain an uniform distribution of V and Ti and thereby improve the critical current density characteristics, an attempt has
been made to utilize a V/Ti single-core composite as a stating material and hydrostatically extrude the resultant bundle
consisting of 139 V/Ti hex encased in a Cu tube lined with V. Three kinds of heat treatment were investigated; (1) the
alloying heat treatment (HT,,y) Which is carried out at the final size (‘fs-HTu0y"), (2) HT a0y is followed by cold-working
(W) down to the final size (‘HT0,+W’), and (3) an intermediate precipitation heat treatment (HT ) is carried out during
the W stage coming after the HT oy Stage (‘HT 4oyt WHHT et W?).  The “HT g0yt W+HT e+ W’ treatment was found to be
most effective in enhancing the critical current densities.

Keywords: hydrostatic extrusion, Cu stabilizer, alloying heat treatment, precipitation, deforamtion
E-mail: TAKEUCHI.Takao@nims.go.jp
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Fig.2 Cu/V/V-Ti alloy composite: (a) as drawn, (b)
900°C*24h.
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The multifilamentary wire fabrication of V3Ga superconducting wire using high Ga content Cu-Ga/V precursor
and its superconducting properties under high magnetic field

HSRBL SR orsRs ZRa RS aT ERRYE, A
Yoshimitsu Hishinuma, Arata Nishimura
National Institute for Fusion Science
WA - MPEHFTERERE B REM B X —  FGihESL, BRIBRE. MTINER
Akihiro Kikuchi, Yasuo lijima, Takao Takeuchi
National Institute for Materials Science

Abstract:

V;Ga compound wire was mainly investigated “Diffusion process” between Cu-Ga solid solution matrix within 20 at%
Ga composition and V filament. We have been investigated that the high Ga content in the Cu-Ga material was an effective
method in order to improve cold workability and volume fraction of synthesized A15 phase as well as the high Sn content
processed Nb;Sn wires. We tried to fabricate V3;Ga compound multifilanetary wires using high Ga content Cu-Ga compound
through the powder-in-tube processed precursors and microstructure and superconducting properties of new processed V;Ga
multifilamentary wires were investigated. It was confirmed that the thicker V;Ga layer formed along the boundary of high Ga
content Cu-Ga powder core and V matrix compared with previous diffusion processed samples. Furthermore, all reacted area
of diffusion layer in the multifilamentary wires was increased with number of powder filament and high Ga content. We
found that the volume fraction of A15 phase was increased by high Ga content. It was confirmed that the optimum Ga content
of Cu-Ga compound for the J, and H,, improvement was 50at%Ga. And H,, property which was estimated by the Kramer
formula of the 121 multifilamentary samples using 50at%Ga compounds showed about 23 T which value was 2 T higher than

bronze processed samples.

Keywords: V;Ga, high Ga contet Cu-Ga compound, PIT process, multifilametary wire superconducting property

E-mail: hishinuma.yoshimitsu@nifs.ac.jp
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Critical current characteristics of GdBCO coated conductor in magnetic field
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Hiroshi Okamoto
Kyushu Electric Power Co., Inc.
g - MOEHRFSERERE (REEAS
Kikuo Itoh
National Institute for Materials Science
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Teruo Izumi, Yutaka Yamada, Yhu Shiobara
Superconductivity Research Laboratory

Abstract:

In the optimal design of power applications, it is necessary to understand critical current property of superconducting
wire. REBCO coated conductor has high performance in magnetic field. The research and development for high-current,
long-length and low-cost of REBCO coated conductor has been steadily advanced in the improvement of characteristics of
the substrate, the buffer layer and the superconducting layer in the country and overseas. In this study, we reported angular
dependence of critical current at 77K and magnetic field dependence of critical current density at some temperatures for

GdBCO coated conductor.

Keywords: GdBCO, critical current, high magnetic field, coated conductor, high 7, superconductor

E-mail: hiroshi_a okamoto@kyuden.co.jp
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Table 1 Specifications of GABCO coasted conductor

Size (mm) 5Wx0.12¢
SC thickness (um) 1.2
L (A) 105

*Criterion: 1uV/em, 77K, s.f.

Fig. 1 Sample holder for the 18T magnet.
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A New Fabrication Process of Superconducting Alloy Wires with Using Clad-Rolled Sheets

A TR

R

Sakae SAITO
Ashikaga Institute of Technology
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Takao TAKEUCHI and Nobuya BANNO
National Institute for Materials Science

Abstract:

This paper describes a new fabrication process of superconducting alloy wires such as Nb-Ti and V-Ti with using
clad-rolled sheet of constituent elements as a starting material. This procedure, called the clad-chip extrusion (CCE) method,
does not involve melting process, which is a distinctive feature of this process. The CCE-process produces the composite
wires with fine layers of constituent elements. The precursor wire is then converted to the objective alloy by the following
diffusive heat treatment. The experimental study demonstrated that the CCE-method successfully produced the

superconducting wires of Nb-Ti alloy and V-Ti alloy.

Keywords: CCE-process , fabrication process, superconducting alloy wire, Nb-Ti alloy, V-Ti alloy

E-mail: ssaito@ashitech.ac.jp
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Table 1 Critical temperature (Tc) of the wires

V-32.5at%Ti | V-34.4at%Ti | V-45.9at%Ti |[Nb-39.1at%Ti |Nb-42.3at%Ti
7.78K 7.82K 7.62K 10.02K 9.95K
ZEIIR

1) B . fh: 177y R-F o7 MHLIEICE
% Nb;Al DML & Z OBIRERE]  BAESRFES
53 % 4 75 (1989) p p.458-463.
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Fig.2 Cross section of V-Ti and Nb-Ti
multifilamentary wires
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Fig.3 Jc vs.B curves for V-Ti and Nb-Ti wires
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Critical current of stainless steel laminated Bi2223 superconducting wires, DI-BSCCO Type HT where various hoop stress is
applied in liquid helium
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AYAI Naoki, TAKAAZE Hideo, TAKAYAMA Hiromitsu
Sumitomo Electric Industries, Ltd.
WE - MOEMRFSERERE AR EIR, KE H
MATSUMOTO Shinji, KIYOSHI Tsukasa
National Institute for Materials Science

JISHAREREZERT BRAY Otk
OSAMURA Kozo
Research Institute for Applied Sciences

Abstract:

DI-BSCCO which is the commercial long BSCCO tape produced with powder-in-tube and controlled overpressure
sintering technique by Sumitomo Electric, has been reinforced with three-ply and soldering using thin stainless steel tapes.
The reinforced tape was wound to one-turn coil, where hoop-stress was applied in 14 Tesla backup field and liquid helium.
Critical current measurements in 77 K before and after the hoop-stress load have proved that the stainless steel reinforced
DI-BSCCO has enough high mechanical properties to be applicable to the conductor for ultra-high field magnet in NMR.

Keywords: Superconductor, Bi2223
E-mail: ayai-naoki@sei.co.jp
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Table.1 Soecifications of the test coil

Tape | Width 4.4 mm

Thickness 0.29 mm

[, (77K, SF) 200 A

Reinforcer Stainless steel 0.02 mm'
Coil | Diameter 280 mm*®

Backup Field 14T

Max. current #1: 133A, #2: 165A, #3: 197A,

#4: 206A, #5: 230A
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Fig. 1 Appearance of the test coil
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Fig.2 7., maximum strains, and residual strains of the

specimens after the hoop stress loads in liquid helium
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Standard Test Method of Critical Current for HTS Composite Tapes
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Kozo Osamura
Research Institute of Applied Science
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Kikuo Itoh and Tsuneo Kuroda
National Institute for Materials Science

Abstract:

In order to elucidate the influence of micro-damages to the critical current, the V-I characteristics was precisely
investigated in the low electric field region. The established measurement system has been guaranteed to reduce the noise
level less than +/- 5 nV/em. Two types of imperfections were alternatively added to Bi2223 and Bi2212 tapes. One is the
isolated damages like V-shape notch or drilled hole. Another is the micro inhomogeneous damage induced by the plastic
deformation. The increasing voltage along the transition from perfect SC state to the resistive one can be expressed by the
function of V' = (I/Ic)" for all specimens with and without any type of imperfections. Further no singular phenomenon

was observed in the low electric field region.

Keywords: ritical current, high temperature superconductor, microdamage, standardization, induced voltage

E-mail: kozo osamura@rias.or.jp
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Fig.1 V-1 characteristics at 77K for Bi2223 tapes with
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(B) and without (A)a drilled hole.
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Fig. 2 V-I characteristics at 4.2 K and 10T for Bi2212
wires with (A20-54) and without (A20-43) a V shaped
edge.

Table 1 Ic and n obtained from the analysis
Ic(A) n Material
Va 139.6 22.0
Vs 129.4 154
Bi2223
Vhole 96.1 154
Ve 136.4 194
Va3 54.8 3.51
Bi2212
Vs4 49.7 3.78
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The maximum hoop stress test of high temperature superconductor tape
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National Institute for Materials Science

Abstract:

In this work, we examined the maximum hoop stress in the coil of high-temperature superconductor (HTS). The test coil
was prepared with two types of HTS tapes, the one is brass-reinforced and the other is stainless-steel laminated conductor.
The HTS tapes were wound on the teflon bobbin with diameter of 280 mm. Strain gauges were attached and measured the
elongation of coil generated by the product of magnetic field and current density of coil. All the measurement was carried out
in large bore 14 T superconducting magnet at 4.2 K installed at TML, NIMS. It was observed that the conductors laminated
with metals withstand the mechanical stress exceeding at least 250 MPa at 14 T, respectively. The experimental setup and

procedure are described in detail.

Keywords: High temperature superconductor, Hoop stress
E-mail: choi.seyong @nims.go.jp

1. IXT®»IT

For high magnetic field application, electro-mechanical
problem inside of the magnet is one of the important issues.
When one designs the magnet, the maximum stress/strain
level should be restricted below the allowable level of
conductor to avoid the stress originated failure when they
are fully operated. We have now undertaken the NMR
upgrading project over 1 GHz (23.5 T). In here, the
contribution of high-temperature superconductor (HTS)
requires as an insert magnet because of critical current
availability even in the magnetic field over 20 T. The HTS
insert should strongly depend on the mechanical properties
of conductor. Therefore, we investigate the maximum hoop
stress/strain of HTS tape, such as Bi2223/Ag and YBCO

coated conductor in the magnetic field. The critical current

originated from mechanical stress/strain was also examined.

On this purpose, large space for test coil is suitable to
generate high mechanical stress. All the measurements
were performed using 14 T superconducting magnet with
400 mm room temperature bore, which is installed and
operated at the Tsukuba Magnet Laboratory (TML), NIMS.

2. ERFE

The DI-BSCCO conductor (Bi2223/Ag) of Sumitomo
electrics were used in the coil preparation. The specification
of conductors is listed in Table 1. For the information as
reference, the critical current of short sample at 4.2K, 14 T
was also listed in the table. The inner diameter of cryostat
was 300 mm, therefore, the bobbin was determined at 280
mm to generate the electro-mechanical stress as much as
possible. The each conductor was wound one turn on the

bobbin with some winding tension. In order to monitor the

strain of the HTS coil, strain gauges were attached on the
surface of the tape. When we insert the probe, liquid helium
was transferred into the cryostat to operate in 4.2 K. After
cooling down sufficiently, the test coil was exposed at the
magnetic field of 14 T from superconducting magnet. The
voltage lead was also soldered to measure the resistive
transition of sample conductor. The external current was
applied about 50 A/min until the coil voltage reached at 10
pV/em. The figure 1 shows the configuration of test coils in

detail.

Table 1. Specification of conductor used in test coil winding

Brass reinforced Stainless steel

conductor reinforced conductor
width 2.7 mm 2.71 mm

thickness 0.52 mm 0.227 mm

reinforcement brass stainless steel
Thickness of
reinforcement 50 pm 20 pm
Critical current
135A 85A
@77.3K, self-field

Critical current 460 A 220 A

@4.2K, 14T

Fig. 1 The configuration of test coil
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3. ERFERLELR

Fig. 2 shows the test results of hoop stress on
brass-reinforced conductor coil. The elongation of sample
by hoop stress was illustrated with empty rectangle
symbols, which is displayed on the vertical axis of right in
the figure, as a function of applying current. The strain
gauge detached around 0.23% of strain that it seems to be
poor quality of glue in low temperature. In the figure, the
voltage of coil was also plotted with filled round symbols.
The critical current was determined with the criterion with

1 V/cm and it is observed that the critical current is about

Fig. 3 is the test results of hoop stress on the coil of
stainless-steel reinforced conductor. The current vs. voltage
(lower and left axis) and stress vs. strain (upper and right
axis) are plotted in the figure same as in Fig. 2. It is
observed that the critical current is 105 A and the estimated
stress on the coil is 333 MPa at critical current. The
conductor could carry the current until the electric field
generation of 10uV/cm without disconnection. However,
the conductor was damaged in following tests and the

critical current was almost degraded the half of first run.

196 A. Until the sample current reach at the critical current,
the conductor did not disconnect. However, when we
remind the critical current of short sample in same
magnetic field with coil (see the test results in table), it is
clear that the critical current was significantly degraded
because of mechanical force originated from stress.

In Fig. 2, the stress is calculated with the formulae,
so-called JBR relation, where J is current density of
conductor, B is the magnetic flux density, and R is the
radius of coil, respectively. This simplified equation
assumed that the conductor is free body and there is no
relation between the bobbin and coil. We need to consider

the effect of bobbin to calculate stress exactly but JBR

relation was used in this step. It is observed that the stress
was 274 MPa at critical current. When we repeated the
measurements several times, the conductor was seriously

damaged and critical current was degraded continuously.

0
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Fig.2. The test results of hoop stress in brass-reinforced
conductor coil
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Fig.3. The test results of hoop stress in stainless
steel-reinforced conductor coil

4. ¥ ®

The maximum hoop stress level of Bi-2223/Ag tape
laminated with metals was investigated in this work. The
two set of coils were prepared and tested in the magnet
installed at TML, NIMS. The magnet was operated with
large bore generating 14 T. The critical current originated
from electro-mechanical stress was observed in each coil
disk. The stress level, which was calculated with JBR
formulae, was exceeding 250 MPa in both conductors. It is
also found that the critical current of the coil was not
recovered once the coil experienced the stress-originated

critical current.
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Mechanical properties of YBCO coated conductors measured on
a simple model coil

WHE - MEMFZERERE  Uglietti Davide, FETHES, MAARHIR, K7 F]
Uglietti Davide, Seyong Choi, Shinji Matsumoto, Tsukasa Kiyoshi
National Institute for Materials Science

Abstract:

Coated conductors manufactured using hastelloy substrate have remarkable mechanical properties, namely high
critical strain and stress. Electro-mechanical properties of coated conductors have been extensively measured on short,
straight samples. In this work, the electro-mechanical properties of commercial coated conductors (from Superpower) were
studied in a configuration close to the one found in magnets: single and multi turns coils were wound on cylindrical mandrels
and two types of joints were fabricated. The current-voltage relations and the strain were measured in a background field of
14 T. A simple model cable, consisting of a stack of three tapes, was also studied. The properties of the single tape are

maintained in both coil and stack configuration.

Keywords: High temperature superconductor, YBCO, Hoop stress

E-mail: uglietti.davide@nims.go.jp

1. Introduction

Electro-mechanical properties of coated conductors have
been extensively measured on short, straight samples. When
Hastelloy is used as substrate, the mechanical properties are
remarkable (see fig.1).

In the following experiments, the electro-mechanical
properties were studied in a configuration close to the one
found in magnets: single and multi turns coil were wound on a
cylindrical mandrel (fibreglass, 30 cm diameter), in order to
simulate the behaviour in the coil geometry. In particular, the
electromechanical behaviour of joints between tapes was
studied, because they could present a critical issue in coil
fabrication.

Also a simple cable, consisting in a stack of three tapes, was
studied.

300 N Hastalloy C-276 ]
substrate

Ly T e AT R T e

600 + \ .
Cu/dg/ TBCOHastallay

400 L Cu-plated all-sides B

200 | Ag/YRCO/Hastallay ]
I T=76K

0 , ) . ) , , E

0 0.2 04 0.6 0.8

Tensile Strain (%)

Fig.1. Stress-strain curves at 76 K for hastelloy coated
conductor manufactured by Superpower. Young Modulus
is about 170 GPa.

2. Experiment
The

Superpower: tape cross section is 4x0.1 mm?, the Hastelloy

sample is a standard coated conductor from
substrate is 50 pum and the tape is copper plated. The
reported critical strain and stress are about 0.35% and 700
MPa respectively.

The samples were measured in the 14 T, 40 cm bore
superconducting magnet, which is usually used to provide
the background field for the resistive insert magnet in the
28 T hybrid magnet at TML.

The electromagnetic force acting on the wire is
proportional to the current flowing in it, following the
relation , F=]-B-R where [ is the current, B the
magnetic field and R the radius. When the current flowing
in the sample increases, the mechanical stress (force
divided by tape cross section) on the wire approaches the
critical stress, and when the stress reaches the critical stress
value, a voltage appears.

The critical current of Superpower coated conductor is
about 490 A at 14 T, 42 K, but in the following
experiments the voltage drop due to the critical stress will
lower than 200 A

appear already for currents

(corresponding to 420 N, or 1050 MPa).

3. Results and Discussions
DISK 1 — three-layers joint

It was reported by Sugano[1] that the critical stress for a
lap joint between two coated conductors is about 50 %
lower than the one for the non-jointed tape. Cracks
originate at the interface between the superconducting layer
and the buffer layer and the electro-mechanical properties
are degradated.

Taking into account this result, it was planned to build a
stronger joint, by sandwiching two tapes jointed head to
head between two more tapes, as shown in fig. 2a: on the
upper side, the tapes are soldered with the superconducting
layers face to face, to ensure a good current transfer
(current joint), while on the bottom side they are soldered
with the Hastelloy substrates face to face, to ensure a robust
mechanical connection (mechanical joint). The total
overlap was 6 cm. Strain gauges and voltage taps were
placed on the whole tape and on the joint.
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strain (%)

S

Fig. 2a. Three-layers joint: the upper tape is soldered
with the YBCO layer (black) facing the jointed tapes,
while the bottom tape is soldered with the hastelloy
substrate (blue) facing the jointed tapes.

P

Fig. 2b. Two-layers joint: only the upper tape is used to
joint the tapes.

Strain versus current and force is plotted in fig. 3. As
expected, the joint is about three times stiffer than the
single tape. In this experiment and in the following ones,
strain gauges detaches already at 0.25%/0.3% of strain,
because of the poor quality of the glue. The Young modulus
of the tape was estimated to about 180 GPa, in agreement
with the value measured in a standard stress-strain
apparatus (see fig.1).

The voltage drop across the whole tape and across the
joint are plotted as function of the current in fig. 4; the
electromagnetic force is also plotted on the upper axis. The
tape failed at about 180 A (corresponding to 370 N, or 930
MPa), while the voltage drop across the joint was still small.
The joint did not break.
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current

120 140 160

Fig. 3. Strain versus current for the joint (green) and
the single tape (red). The force acting on the tape is
reported on the upper axis.
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Fig. 4. Voltage drop across the joint (green) and the
whole tape (blue) as a function of current. The force
acting on the tape is reported on the upper axis.

DISK 2 — Three-layers and two-layers joints

The goal of this experiment was to compare the

three-layers joint, which was proved to be successful, with
a two-layers joint, consisting in the current joint only (see
fig. 2b). Both types of joint were built on the same single
turn coil. Voltage taps were soldered around each joint.
The V-I curves are plotted in fig. 5. For the two-layers joint,
a voltage drop appears at 280 N, while for the three-layers
joint the critical value is around 370 N, a value similar to
the one measured in the previous experiment. The tape was
broken at 375 N, corresponding to 940 MPa. Both joints
did not break.

In terms of stress (see fig. 6), both in the three-layers and
in the two-layers joint the voltage drop appears when the
stress reaches values between 300 and 400 MPa, which is
about half the value than the one for the single tape. This is
in agreement with the results published by Sugano on lap
joints.

In the two-layers and in the three-layers joints the force
required to reach the critical stress is obviously higher (two
and three times respectively) than in the lap joint.

M
0 50 100 150 200 250 300 350 400
200 X
180 fape broken at /’:.:
ITsSN=940MFPa T
160 K
140 i
~ 120 1
= i
-= 100 E
S 80 t
= 2 lay H
o 60 | degradation &t :Glf:r?_ri ! E iy
40 280N = 350 MPa b f L
20 \ \# #ngle ape
0 ia r —_— & = o
0 20 <40 60 80 100 120 140 160 180 200

current

Fig. 5. Voltage drop across the two layers joint (red),
the three layers joint (green) and the whole tape (blue)
as a function of current.
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Fig. 6. Voltage drop across the two layers joint (red), the
three layers joint (green) and the whole tape (blue) as a
function of stress.

DISK 3 — Three turns coil

About 3 meters of tape were wound on the G10 mandrel,
in order to study the electro-mechanical behaviour in a
multi turns configuration. Kapton tape was used for the
insulation. A strain gauge was attached on the outer turns,
and voltage taps were soldered at the wire ends (360 cm)
and on the outer turn (90 cm).

When current reached 170 A (corresponding to 900 MPa)
the voltage increases and the tape was broken at 190 A,

corresponding to about 1000 MPa .

DISK 4 — Cable (three tapes stack)

Finally, a model cable consisting of three tapes was tested.
The tapes were first pre-soldered, then they were soldered
together, one on top of the other, while winding on the G10
mandrel.

Voltage taps were soldered from end to end and on a short
section (10 cm).

The cable could carry up to 580 A (the corresponding
1000 MPa) before breaking. No current
degradation was observed up to 950 MPa.

stress  is

4. Conclusion

In conclusion, the critical stress of a three layers joint
proved to be higher than that of the two layers joint, and
about as large as the one of the single tape. Joints should
not represent a critical issue in coil construction.

The electro-mechanical properties of the three turns coil
are similar to the ones of the single turn tape. The
properties of the single tape are maintained in the stack
configuration.

Coated conductors with hastelloy substrate proved to be
an excellent conductor for magnet fabrication, conjugating
high critical current density with very high Young modulus

and critical strain.
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[1] M. Sugano et al., IEEE Trans. Appl. Superconduct. 17
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Structure of ionic liquids as studied by the magnetic field effects on the photochemical reaction
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Abstract:

Ionic liquids, which are considered as one of the most promising new solvents in the green chemistry, have gained much
attention. Local structure or some domains are proposed for liquid phase from the recent experimental results. Since the
magnetic field effects (MFEs) sensitively reflect the nano-scale reaction environment, a study of MFE on photochemical
reaction due to the relaxation mechanism is carried out to clarify the local structure of ILs. Domains like a micelle and
microscopic viscosity of about 5 cP are suggested experimentally.

Keywords: Ionic liquids, Domain structure, Microscopic viscosity, Magnetic field effect, Relaxation mechanism, Laser flash
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Figure 1, Magnetic field dependence of the relative yield
of BP ketyl radical, R(B)=Y (B)/Y(0 T), observed at 380
nm in TMPA TFSL
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Preparation of pyrolytic carbon by heatmg under magnetic field and its magnetic properties
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Abstract:

It was reported that pyrolysis products from pure organic materials showed ferromagnetism and had spontaneous
magnetization even at room temperature. They are considered to be carbonaceous but not completely graphitized.
Ovchinnikov et al. suggested that the ferromagnetic carbon had a new crystal structure - the mixture of carbon atoms with sp’
and sp® bonds (intermediate graphite-diamond “IGD” structure). Whereas, Murata et al. reported that ferromagnetic
amorphouslike carbon was prepared from hydrogen-rich starting materials. Therefore, different views were shown in the
crystal structure of the ferromagnetic pyrolytic carbon, even though the sample preparation method was almost the same. The
samples were prepared by direct pyrolysis of triethylamine. The chemical liquid was placed at an edge of a quartz tube and
frozen at liquid nitrogen temperature. The quartz tube was evacuated and the center of the tube was heated to a desired
temperature of about 900°C. When the central temperature became stable, the chemical was melt and introduced to the
heating area. The chemical vapor pressure of about 1 bar and the heating temperature were kept for 30 minutes. After the
pyrolysis, the tube was evacuated again and cooled down to room temperature. Pyrolysis carbonaceous product was obtained
from the inside of the tube, using a nonmagnetic hard titanium-alloy (Ti-Al-V) rod. A ferromagnetic sample was magnetically
separated from the product. Magnetization measurements were performed with a commercial SQUID magnetometer
(Quantum Design MPMS). We have found that the spontaneous magnetization of pyrolytic carbon is increased by annealing
at about 400°C under magnetic field, which suggests that magnetic properties can be changed if the magnetic field is applied
during the pyrolysis. So, we constructed a new furnace, which can be put in a superconducting magnet. We have tried
pyrolysis under magnetic field above 1 T by the use of this furnace.

Keywords: Pyrolytic carbon, Ferromagnetism, High magnetic field CVD
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Magnetic field effects on oxygen adsorption on an activated carbon fiber
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Abstract:

The influence of magnetic fields on adsorption of paramagnetic O, on an activated carbon fiber was examined at 77K.
The adsorption amount of O, decreased by applying the magnetic field of 25 T, which is referred to magnetodesorption. More
experiments, however, must be carried out to confirm the high magnetic fields effect on oxygen adsorption.

Keywords: magnetodesorption, gas adsorption, activated carbon fiber, oxygen
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Figure 1 Pressure-feedback adsorption system
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Figure 2. Flow rate changes by applying a 25 T magnetic
field to a oxygen / activated carbon fiber adsorption
system using pressure-feedback adsorption system at 77 K
and P/ P, =0.50.

4. FL®

B LWE WS SR ELEE & B L. TR IR SR
£ 77 K TOMHEWAE~DOWIENFRE 25 T DT
Fat Uy BEEUINC & » TRERENBD T L 2R
H L7, BEEA~ORGE R E O DIz, fimicix
EHRoT,

_86_



BARABITBT BAA T A NEREIT RIE T RS 0

Effects of a high magnetic field on bainitic transformation in Fe-based alloys
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Hideyuki Ohtsuka
National Institute for Material Science

Abstract:

Effects of magnetic fields on transformation temperature, transformation behavior and transformed structure have been
investigated for bainitic transformation in an Fe-3.6Ni-1.45Cr-0.5C alloy. Bainitic transformation behavior is accelerated by
the applied magnetic field. Elongated and aligned structures were observed for austenite to ferrite transformation in an
Fe-0.4C alloy, but no elongation or alignment of transformed structure has been observed for transformation to bainite. The
crystal orientation was measured by EBSD method, but no alignment of crystal orientation was observed.

Keywords: transformation temperature, transformation behavior, transformed structure

E-mail: ohtsuka.hideyuki@nims.go.jp
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Fig.1 Effects of magnetic fields on transformation
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Effects of Magnetic Field on Shape Evolution of fcc Fe-Co particles in a Cu Matrix
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Interdisciplinary Graduate School of Science and Engineering, Tokyo Institute of Technology
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Hideyuki Ohtsuka
National Institute for Materials Science

Abstract:

The effects of magnetic field on the shape evolution of ferromagnetic fcc Fe-Co particles in Cu-0.83at%Fe-1.37at%Co
alloy single crystals have been examined by the magnetic anisotropy measurement. The Cu-Fe-Co single crystals were aged
at 993K for 2h to 24h under the magnetic field of 10T parallel to either the [001] or [011] direction. The magnetic anisotropy
was examined by measuring magnetic torque around the (100) plane. It is found that the fcc Fe-Co particles are elongated in
the direction parallel to the magnetic field. Furthermore, the elongation along [001] is more remarkable than that along [011].
The results can be explained quantitatively by considering the minimization of the sum of the interface energy, elastic strain

energy and magnetostatic energy of spheroidal particles.

Keywords: Aging; Precipitation; Magnetic anisotropy; Total energy calculations; Shape evolution

E-mail: kanno.c.aa@m:.titech.ac.jp (C. Kanno)
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Fig. 1 Magnetic torque curves of specimens aged at 993K
for (a) 2h without magnetic field, (b) 2h, (c) 4h, (d) 8h, (e)
16h and (f) 24h under the magnetic field of 10T parallel to
the [001] direction.
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Fig. 2 Magnetic torque curves of specimens aged at 993K
for (a) 2h, (b) 4h, (c) 8h and (d) 16h under the magnetic
field of 10T parallel to the [011] direction.
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Development of anisotropic sheet in high magnetic field
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Abstract:

Anisotropic conductive sheets have been produced by arranging conductive particles in liquid polymer film using a
permanent magnet and an electromagnet. In this study, anisotropic conductive sheets of various thickness were formed in
liquid polymer films with various viscosities using a superconducting magnet. The relationship between applied thickness
and viscosity was evaluated from the electric resistance and the microscope images of the anisotropic conductive sheets.

Keywords: Anisotropic conductive sheet, magnetic processing, superconducting magnet.

E-mail: h_konno@rd.polymatech.co.jp

1. XT®IC

TR = IS IREEMERL T 2 0 i S BT IR A RIS
ZEHUNL T, BB O—FIEEMR &l m S 87z
BGHEE L — FRERESN TS, ZbRIRE
AL, ARIHE UM R AR ET 5 2 L ANEIC AR
STNDHD, PR SN TE /A TR MK
<\ RLELANDS AR 7R RS EE SR S B 72, ik =
LOFEHEMRRE STV,

INFETOERIY ., o ebEE2TT 2R T L
ZE A L CHIINRES & H R ORS O BIfR 2 04 L
7o EUNRES ST R SIRYUE 2 T 520 %
DD ENGMHoTND, REFEIL, Fhx D
WK T AP B S BRI, SRS 3 7 A7)
EHMU N SRR EZIb ST — M EER L, E
TR - OEFKEE & B A O BURIZ DV CHSSTHIEE
B L OERIEGURE R &3 L7z,

2. ERFIE

2.1 &FEE

R L7 oK% Figl 12787, Zo480%
TREEPER DR FEREMEIR T H D BRI DIESHTF 1A
WATWD, £, FigliRrLEZX o, ETO4&R
I & E N MR ORI, & 2 %35 X9
ICRE SN TREY . EFTO&BRRIIE L2V L 91T
BORLDANR—S — % LT D,

Liquid rubber

Ferromagnetic Poles
Spacer \ :
| %o 3

Non-magnetic
material

Conductive particle

Cross Section

Fig.1 Schematic drawing of the anisotropic conductive
sheet-forming mold .

22 EEMRT ORF

FFERGEE 28 3 DR = L CHEEE @ 18~50 Pars)lZiE
MR T 2 i S E TR 2 R L7z, o
WM %2 Figl (R LIZENENAR—HF —ERH
D K75 2 40 .5mmt~1.5mmt) I FERM L, Z o4 %
Fig2 |28 LIoBEE~ 71y ORI D b BGH O
ETATA RESE MY L ARBEEIC L0 INE
(5ton) L7223 5 M#(150°C) L, {0k = A 2L S 87,
AREHEREEOHIINBE X, 3.0 7T AT ThH D, MK T
e, GMERYGNOAT A RSETHERY HLEFHE
WY — bz, FEOFETEDIIEWRGEE Y
— h@mmt) % R L 7=,

Superconducting coil

Press
(movable)
Mold
moving with
hydraulic pressure
~
N
I Heater
I~
=8 N~
I~ Press
(fixed)

Superconducting coil

Fig. 2 Schematic drawing of the sheet-forming machine.

23 BEAFHEEI— MO

B O BT PEEE S — N OB EMEMORIF DO BT IR
HE% U— b R LW 2> BB CRIEE L
7oo & DIZHAFNBES TR L 72 B 5 — MZoWn
TH YU E(F CIERSEIC 36 Bl ) BRI
ZPE L OHEE R DT,

_g‘l_



>
(ii)Cross section

(i)Top
Fig. 3 Typical photomicrography of produced anisotropy
conductive sheet.

3. ERERLER
3.1 EEMRITOERSIEE

PERL U= B PR S — N (VRS 3 7 2 7, ik
= LHEEE 18Pass)D ki FS X UMK % 6 FBAMM S Tl
£ % Fig3 o7,

Fig.3(ii JlZ L AuiE, EEMEMRI 71X Fig 1w Lz |k
TR OGRS ZBR L IICEEL TV, &6
IZ Fig3(I R L7 REBIERIC L 5 &, BEEIOERE
T OFRIEIE AT & 1ZIER—Th o7,

32 BEBEINERFSMES — b O BKIEHEM

321 RHEREEE & BEREHROB&K
WEZBENDOEEDO(E S 0.5~1.5mmt)

REEE D B2 B IR = 2 (18Pas~50Pa-s) & VT JE
FENTER L= RGMEEE Y — FOBRIEH A NE
L. KEEE & JEADBRICHOWTHA LT, #5554 Figd
2R, SHICHIE L ERESUE OB 2RI GRK
8 - /M) Z2 =T — " —TR LTz,

350
300 T O 18Pass ||
250 [ 25Pa-s
G []50Pa-s
£ 200 |
2
g 150 |
8 100 |
o
0 I | et |
1.5mm 1.0mm 0.5mm
Thickness

Fig.4 The electric resistance of the sheet produced from
liquid rubber with each viscosity in each thickness.

Fig.4 (2 XA, EH#V(0.5mmt) > — b T, ff
FA U7k 2 2 R EE OEWIZ L A BRIEPUED 71T
Ronieholes, v— MNELZD 1.0mmt LA EIZ7 S
&, 50Pars ORI L& LI RIFEE Y — hOE
SHEHUEIL, 18Pars & 25Pa+s DK T L &2EH L7
LE LU TR 8oz, 61T, L5Smmt il 5 &
FOETEE L e o7, Fo. FIUKESMCERL
TRFEEE Y — MRV T, £ E0EKIHO
NIV XEHET D& KEORWRIK A 2 (50Pa-s)

EEHALERICBWT, BEHDH D v — FEERT S
LEDONRTYFIIREL o T,
Bk = KL FE(18Pass, 25Pass, 50Pa-s) TYESLL 7=
BAGEE— MO, BEIREEZRET D720, £V —
MEA 1L.5Smm)OWimE AL Lz, ZORER% Fig6
[ N

(a) 18Pa-s
(b) 25Pa*s
(c) 50Pa-s

Imm
+“—>

(2) (b

Fig.5 Typical photomicrography of cross section of

produced anisotropy conductive sheet from liquid rubber
with each viscosity.

(c

Fig.5 OWrHBLEHRIC AU, ek = 2 DR EE A E <
5 & BEBOPRELEIK LD EER DR
FIMELINLTND Z ENbNnD, FFICHOR = 285
50Pa-s CIE L7 R FEE > — NME, ZTOWE 58
RO L TFEICRL T ER L, RREICRL TR E E A
EHNZ ER D,

QEHENDOHFEQ(E S 4.0 mmt)

— P BRI RV O — (4.0mmt) TiE, 50Pars @
Wk T L2 L= Old, Fig.6 OWrmBI 5o
235 K DT R REE ORI T IS TR S e o T,
F 7o, IR T LA OREE 18Pass & 25Pa+s A L7
FHEY— M, RFMEES— FOEZRD 1.5mmt
T T, BREFUEOEN RO o7, v—
MEZD 4.0mmt (2725 &, BERIEPUEICK X 2220
Ao, BEROESIREL KE S BRodz,

LLEDOFERN G | (ERT 2 BFHEEE S — h DR A
IR Y. BIRT DU T L ORETHIRA 8 D Z & A

o T,

(a) 18Pa*s
(b) 25Pa-s
(c) S0Pa*s
; 2mm
: <+«—>
() (b) (c)
84mQ 367mQ 23Q

Fig.6 Typical photomicrography of cross section of
produced anisotropy conductive sheet from liquid rubber
with each viscosity.

4. £

BB 2 AT 20K = & VD TR MR - 2 B
TSR RIS — P 2ER U U 2 P4
5 &T, BEAHERE & ORISR R LT,

_92_



ANU vV T ORI

T & 5 A s )

Structural Control of Helical Silicas due to Magnetic Fields
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Abstract:

The alignment and deformation of micelles and vesicles due to high magnetic fields are generally observed, which result

in the negative magnetic-anisotropy of a long alkyl chain.
sulfate, the template should be aligned by magnetic fields.
magnetic fields.

Since the template for helical silicas contains sodium dodecyl
Therefore, helical silicas also can be controlled by high, steady
The helical silica hybrids prepared under magnetic fields were examined with X-ray diffraction and

scanning electron microscopy. High magnetic fields promoted the growth of helical rods.

Keywords: high magnetic field, helical silica, mesoporous silica, template
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Fig.1 SEM images of helical silica hybrids prepared at zero (A) and 6 T fields (B).

Fig.2 SEM images of helical silica hybrids prepared at zero (a) and 15 T fields (b).
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Fig.3 XRD patterns of helical silicas as synthesized under
zero field and 15 T.
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Ferrite-Induced Immobilization of Pb-Contaminated Soil and Application of Magnetic Separation
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Abstract:

The ferritization method is applied to Pb-contaminated soil. In order to confirm the immobilization effect by ferritization,
artificial Pb-contaminated soil was prepared and batch tests were performed. From the test results, it was confirmed that the
insoluble effect of the ferritization-treated soil for Pb-contaminated soil is much higher over a wide range of pH levels.
Furthermore, the superconducting magnetic separation was applied to feirritization-treated soil with magnetite. It is suggested
that the combination of ferritization treatment and magnetic separation may be one of the techniques for the remediation of

contaminated soil containing heavy metals.

Keywords: Ferrite, contaminated soil, immobilization, magnetic separation
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Fig. 1 Process of ferritization treatment by the coprecipitation

method and by using adsorptive particulates

Table 1 Test condition of magnetic separation

St HmERE &Ktk K (RTREAR) #K(TSM)

i (mg/kg-drysoil) | (%) [molkt]

case-1 1000 5285 1:80:0(XY RAAMEE L)

case-2 1000 5323 |1:60:20RT REAMBAE+TTSAM0ES)
case-3 1000 3353 |1:40:40(XT FEAANEE TS/ MLET)
case-4 1000 4631 1:0:80(ZxSAMLEL)
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Fig. 3 Immobilization property of ferritization treatment by
oxidation method on Pb-Contaminated soil
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Magnetically Induced Orientation of Mesochannels inside Porous Alumina Membranes
under Ultra High Magnetic Field of 30 Tesla
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Abstract:

Mesoporous silica rods are prepared inside channels of porous anodic alumina membranes (PAAM) via through solvent
evaporation method using precursor solution consisting of P123 block copolymers. When the magnetic filed was applied
parallel to the PAAM channels, mesochannels were successfully induced parallel along the magnetic direction. Such
magnetically induced mesochannels are directly confirmed by TEM observation. Orientation of the mesochannels within the
PAAM channels can be controlled by applying high magnetic field processing under 30 Tesla.

Keywords: Mesoporous Material, Liquid Crystal, Surfactant, Perpendicular orientation
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1. Introduction

Recently, a “superconducting magnet” with a high
magnetic field (higher than 10 T) has been developed. The
high magnetic field processing become one of the most
convenient and versatile methods for the orientation of
materials. The high magnetic field is effective even for
paramagnetic or diamagnetic materials with extremely
small magnetic susceptibility. Surfactants have been used
as templates for preparation of mesoporous materials are
one of the diamagnetic materials. It has been shown that,
under a high magnetic field (> 12 Tesla), the rod-like
macromolecules formed through the self-assembly of
surfactants are uniaxially oriented due to the magnetic
anisotropies of the constituent surfactant molecules.[1]
Recently, we reported the partial perpendicular alignment
of mesochannels in mesoporous silica films, which was
achieved by combining the evaporation-induced
self-assembly (EISA) method, which has been used for the
preparation of mesoporous silica films), and the high
magnetic processing.[2-5]

Our magnetic processing is effective for orientation
controls of mesochannels in very confined area, due to very
simple processing without complex preparative conditions
are any surface modification. Here, we demonstrate
magnetic induced orientation of mesochannels along
channels of porous anodic alumina membranes (PAAM),
utilizing P123 block copolymer as a structural direct
agent.[6] When such nonionic surfactants are used as
structural direct agents, in almost case the mesochannels
are oriented perpendicular to the PAAM channels and
circularly packed like stacked donuts.[7-9] From the
standpoint of molecular separations, the mesochannel
direction should be oriented parallel to the PAAM channels.
Therefore, the magnetically induced mesochannels along
the PAAM should lead to excellent transportation of
molecules throughout the PAAM.

2. Experimental

TEOS (5.2 g), ethanol (6 g), and diluted HCl (pH 2)
solution (2.7 g) were mixed. After stirring for 20 min, P123
(1.38 g) and ethanol (4 g) were added and stirred for 3 h.
The precursor solution was loaded into channels of PAAM
(Diameter: 200 nm) by dip-coating. The loaded PAAM
were immediately put into the hybrid magnet within a few
seconds. The PAAM were dried for 2 h at room
temperature under extremely high magnetic field (30 Tesla).
The magnetic filed was applied parallel to the channels of
the PAAM. Argon gas is flowing in the bore of the hybrid
magnet. After drying, the as-prepared PAAM calcined at
500 °C for 6 h at the heating rate of 1 °C/min. Then, the
PAAM were completely dissolved in 5 wt% H;PO, to
obtain mesoporous silica rods. at ambient condition.

3. Results and Discussion

SEM images of the silica wires prepared without
magnetic field and under 30 Tesla show fiber morphologies,
respectively. A simple infiltration approach leads to the
successful formation of the silica wires with uniform size.
The diameter of the wires was about 200 nm, which
coincided with the pore size of the channels of the original
PAAM.

The mesostructure inside the silica wires were further
investigated by TEM observation. Figure la is a
representative TEM image of the mesoporous silica rods
prepared without magnetic field. It was clearly observed
that the tubular mesochannels were circularly packed
around the PAAM channel surface (i.e., formation of
stacked donuts-like mesostructures). The formation of the
unique mesostructures is due to the confined growth of 2D
hexagonally ordered mesochannels within the cylindrical
channels of the PAAM. On the other hand, when the same
substrates, 2D
hexagonally packed mesochannels were oriented parallel to
the substrate surface.[3] Therefore, the effect of the
confinement can be thought to be equivalent to rolling up a
flat substrate surface into a scroll.[9]

precursor solutions cast onto flat
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200 nm

Fig.1 TEM images of mesoporous silica rods prepared (a) without magnetic field and (b) under 30 Tesla. Figure a-2

is enlarged image of the square area in Figure a-1.

When high magnetic field of 30 Tesla is applied along
the PAAM channels, almost the wires (> 50 %) contain the
mesochannels aligned parallel along the PAAM pore
channels (Figures 1b-1 and 1b-2). In some parts, near the
surface of the PAAM, a few layers of 1D cylindrical
mesochannels are aligned along the edges due to strong
interactions among the surfactant molecules, the silica
species, and the PAAM surface (Figure 1b-3). At the inner
parts in which the preferential interactions between the
surfactant molecules and the surface become weak, a few
mesochannels were induced along the magnetic direction.
Further improvements by surface modification should be
important for the completely aligned mesochannels.

3. Conclusion

The PAAM having the oriented mesochannels should
lead to excellent transportation of molecules throughout the
PAAM. The presented strategy, utilizing an extremely high
magnetic field of more than 30 Tesla, is widely applicable
to any kind of surfactant. Also, the diameter and shapes of
the PAAM channels were controlled by changing
anodization conditions. Therefore, we can design tailored
membranes in controlled manner for future applications.

5. References

[1] Tolbert et al., Science, 278, 264-268 (1997).

[2] Yamauchi et al., J. Mater. Chem., 15, 1137-1140 (2005).
[3] Yamauchi et al., J. Mater. Chem., 16, 3693-3700 (2006).
[4] Yamauchi et al., Chem. Asian J., 2, 1505-1512 (2007).
[5] Tanaka, Yamauchi et al., Adv. Mater., in press (2008).
[6] Yamauchi et al., J. Ceram. Soc. Jpn., submitted.

[7] Yamaguchi et al., Nature Mater., 3, 337-341 (2004).
[8]1Lu et al., J. Am. Chem. Soc., 126, 8650-8651 (2004).

[9] Yamauchi et al., J. Am. Chem. Soc., 130, 5426-5427
(2008).

_98_



X T NIESTERY A X 7 == L UFEKRDO AR & F ORI [F) 25 8
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Abstract:

Poly(meta-phenylene) derivatives substituted with chiral long alkyl groups at side chains are known to form
self-organized whiskers which are composed of helical conjugated main chains with a hexagonal columnar arrangement.
Previously, we have synthesized poly(meta-phenylene) derivatives substituted with liquid crystal groups constituting of
pentylphenylcyclohexyl (PCH) or cyanobiphenyl (CB) moiety, and found that the macroscopic alignment of the columnar
arrangement can be achieved by applying a magnetic field under their liquid crystalline states. However, the helical senses of
the polymers were composed of an equal amount of right- and left-handed helices. In this work, we newly synthesized
poly(meta-phenylene) derivatives substituted with chiral liquid crystal groups of R- and S-configurations as side chains in
order to control the helical sense of the main chains as well as to align the columnar arrangements under a magnetic field. It
was clarified from X-ray diffraction (XRD) and circularly dichroism (CD) spectroscopic measurements that the polymer with
PCH moiety has a discotic lamellar structure, while the polymer with CB moiety has a hexagonal columnar structure, both of
which consist of helices with one-handed senses of poly(meta-phenylene) main chains, in which the main chains and the
liquid crystalline side chains are aligned perpendicular and parallel to the magnetic field, respectively.

Keywords: conjugated polymer, poly(mata-phenylene) derivatives, helical structure, discotic columnar phase,
liquid crystalline polymer
E-mail: akagi@star.polym.kyoto-u.ac.jp
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Abstract:

Endohedral metallofullerene is of particular interest in view of its application as a building block of nanoscale-electronic
devices and conducting materials because of its narrow band gap and paramagnetic character. In this work, we have
chemically functionalized La@Cs, to afford the endohedral metallofullerene derivative, La@Cs,(Ad) (Ad = adamantylidene).
Nanorods of La@Cgy(Ad) which have a well-arrayed 1D nanostructure were obtained by a liquid-liquid interfacial
precipitation method. We have also carried out to align the La@Cg,(Ad) nanorods using magnetic field of 12 Tesla(T) and
found that the nanorods are well aligned perpendicular to the magnetic field.

Keywords: nanorods, endohedral metallofullerene, magnetic alignment, derivative
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Fig.1 Structure of La@Cgy(Ad)
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Figure 3.

Figure 2. SEM image of La@Cg,(Ad) nanorods
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Optical micrographs of magnetic orientation of La@Cg(Ad)

nanorods, in no magnetic field (left) and in a 12T magnetic filed (right)
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Magnetic alignment of crystalline polymer
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Abstract:

The magnetic alignments of crystalline polymers were carried out in high magnetic field of 30T. The magnetic
alignments for polyethylene and isotactic polypropylene were not observed in this study yet. The magnetic alignment of
poly(ethylene terephthalate), poly(ethylene naphthalate), and poly(butylene terephthalate) were observed. However, the
degree of orientation obtained from these materials was not high as expected. In case of isotactic polystyrene, the degree of
orientation for the sample prepared in 30T was as same as one prepared in 8T. These results strongly suggest that
anisotropic crystal growth condition is very important for the magnetic alignment of crystalline polymer.

Keywords: Magnetic alignment, Crystalline polymer, High magnetic field
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Fig.1 WAXD pattern of a magnetically aligned PET
at 30T.

Fig.2 WAXD pattern of a magnetically aligned
PMPE at 25T.
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Control of Microdomain Structures in All-Amorphous Block Copolymers by High Magnetic Fields

LT, I —
Akifumi Yasui, Shinichi Sakurai Kyoto Institute of Technology
W - MEITTEEERE R W]
Tukasa Kiyoshi National Institute for Material Science
EMRFHRE RIEX
Masafumi Yamato Tokyo Metropolitan University
THEORT: ORREF REHEA

Fumiko Kimura, Tsunehisa Kimura Kyoto University

e MEEES 7 PN S

Abstract:

Magnetic orientation of lamellar microdomain structures has been examined for all-amorphous block copolymers. For this
purpose, we conducted the selective doping of metal-chelate compounds in the polystyrene (PS) phase in
polystyrene-block-polybutadiene-block-polystyrene  triblock copolymer bulk samples undergoing morphological
transformation from cylinders to lamellae in the presence of the 12 Tesla magnetic field. We found excellent orientation of
the lamellar structures parallel to the substrate by application of the horizontal magnetic field for films with 0.1 ~ 0.3 mm in
thickness. We also examined the magnetic orientation of the lamellae in block copolymer solutions of
polystyrene-block-polyethylenebutylene-block- polystyrene (SEBS-23) with non-volatile selective solvent, dibutylphthalate.
Due to temperature dependent solvent selectivity, the solutions undergo morphological transformation from cylinders to
lamellae upon decreasing temperature. By the application of the horizontal 12 Tesla magnetic field during this transformation,
we achieved appreciable lamellar orientation parallel to the substrate. Thus, for both cases of the bulk and solution samples,
the magnetic control of the coalescence direction of the microdomain interface upon the morphological transformation from
cylinders to lamellae results in the lamellar orientation. Nevertheless, perpendicular orientation of the lamellae could not be
achieved, may be due to stronger surface constraint caused by the substrate. For block copolymer solutions, some informative
results were obtained, which may be a consequence of the competing effects of the surface field and the perpendicular
magnetic field. These are in good accord with those observed in our previous study of the perpendicular magnetic orientation
of cylinders in another SEBS triblock copolymer in a thin film.

Keywords: block copolymer, chelate doping, high magnetic field, microdomain, orientation
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Figure 1 Results of the 2d-SAXS measurements for the
annealed SBS films, which were annealed in the presence of
the magnetic field (B’:12Tesla). The original as-cast film
before annealing was obtained by casting from the MEK
solution (a) with and (b) without the chelate in the presence
of the magnetic field (B:12Tesla).
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Figure 2 2d-SAXS patterns of the annealed solution samples
(SEBS-23/DBP), which were annealed in the presence of the
magnetic field. The direction of the magnetic field is parallel
to the sample surface. The polymer concentration is (a)
80wt%, (b) 70wt%, (c) 60wt%, and (d) S0wt%.
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Development of highly dispersed and aligned single-walled carbon nanotube composite film using high magnetic fields
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Abstract:

Highly dispersed and aligned single-walled carbon nanotube (SWNT)-gelatin composite films have been developed
using high DC magnetic fields to 28 T. The sol-gel transition is completed under the fields and drying process is conducted
without applying any fields. Uniform SWNT-gelatin films are obtained utilizing newly designed take-down cells. The optical
anisotropy of the films increases with increasing the magnetic fields applied during the sol-gel transition and reaches to 0.123

for the field of 28 T.

Keywords: single-walled carbon nanotube, magnetic alignment, gelatin, composite

E-mail: yokoihr@kumamoto-u.ac.jp

1. IXT®IC

HEA—R ) ) Fa—7 (SWNT) 3777
v— b & nm A — ¥ —OERICHD =R e Eis
ZLTEY, Fa—T7OFRIZE VB -1k RES
IR, B - BMAEME, MREER LR - T
W5, SWNT %A 5 7> J5 15 CRLIA & 7= b8k & {FE Y
TLHIEICED, 20X RBRFNHEEERTS 2
ENTE D, £, mHEERLF SWNT 306k 4 {Fid 4
HZ LIk Y SWNT BiEOYMEEMICHET S 2
ENATREIZ 72 D, Tk 13 SWNT O\ O R 71 %
FIR U7 meshmitn SWNT #HEMEZBRRE T2 Z &I
F 0. SWNT OfENT- RFMREEZFIH LAk 2 5
T HL L BT, SWNT OUMEFEITERT 2 L%
HISLTWS, ZNETI5 T A7 £ TOBRERT %
FAWTHFZEIZBW T, SWNT 28 7 F > VL Ic ik
SETHHF T/ T D Ec kY, MGk E T
FFUow M) ZARIZEAETEHZ L, b2, Br
MG T TR T F oS ChEmEE2 R L

FB I BN TEDLZ LA RWIELTE (1], @H.,

By RBITEHAEAET 50T, ZOM, #h%
AR Th e ns Z &k, AFakwRrz 17
U NEA O LD 708w s A ICEAT % ET=
A MOICHER LoD, 7272, WEROEBRTITERIEDOA
PRI SWNT— ¥ T F VIR & AN TR F Ok
BEHM LR S Y V=& 4T T=0Bic, By
BB EIT o TREICE v h U HEEETE T, A
7Yy R CIEEhE T SRS 2 BAET D 00—
HITH Y . WE - MBS RS IR A 7 —
2DNAT Yy REABRETH D, MEROAFE
IAZB T F L ARIEE AN TE v I i %92 &l

W28 v b IS AL S LA SR eI IE e B e,
Z 2T AR TR, B O A 7w RS B
ARER AT L EBRZ L, 30 T A TROEBEIGHIIM
X 0 EREPEA 1A b &7 SWNT BHABOIERLAZ1T 5,

2. ERGIE

e UL, 2 OFEUNIINT LT 27 U VRO A—
P—iZ, 13mm A, JEX 1.0 mm OEEAIEERE T T
AEWD GoE D Lic k0 ERL: (Fig ). T
ZRONENIZT 7 a o o—A %2050 . £, BEEHIE
LT =R REAWSZ EIZEY, BEFZTF 7L
ERERONE IRV E SR TED L HIC L,

Fig. 1 Appearance of a take-down sample cell
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Fig. 2 Appearance of a dried SWNT-gelatin composite
film. Reflection of a room light shows the smoothness
and uniformity of the film.
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Fig. 3 Absorption spectra of the SWNT-gelatin films for
the incident light polarized parallel or perpendicularly to
the magnetic fields of (a) 5 T, (b) 20 T and (c) 28 T
applied during the sol-gel transition
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Fig. Optical anisotropy calculated for the absorption peak
at 1.67 eV with respect to the magnetic field applied
during the sol-gel transition. The broken line is a guide
for the eye.
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Simultaneous Alignment and Micropatterning of Carbon Nanotubes Using Modulated Magnetic Field
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Abstract:

A facile method of simultaneous alignment and micropatterning of carbon nanobubes (CNTs) is presented. The method
uses the combination of the magnetic alignment and patterning techniques. The most important point of patterning and
alignment is to prepare well-dispersed CNTs since they are aggregated as produced. Due to their diamagnetic nature, CNTs
suspended in a liquid medium are trapped at the minima of the magnetic field created by a field modulator and at the same
time they align due to their magnetic anisotropy. The difference of electric conductivity of aligned and random oriented CNTs
in polymer matrix was observed. The alignments both parallel and perpendicular to the film surface have been achieved. The
achieved alignment in a suspension was fixed by solidifying the suspending liquid through polymerization, evaporation of the
solvent or ceramic composite.

Keywords: Carbon Nanotubes, Alignment, horizontal alignment, vertical alignment, Patterning, Micropatterning, Magnetic

Field, Polymer Composites, Ceramics, TiO, ZrO,
E-mail: Kaoru.tsuda@nano-frontier.com

1L iXL®IZ

J—R>F ) Fa—7 (CNTs) (X% DOHHE - BERED
521 ORI EHIF A S FEM T DWW D Hig~D
RS SN TS, CNTs O®RE LTIE, @il
EYEAFIH L8R, B LR, EEE T
TR, HEA TR ERFTOND, BREEVIUE
ELToOMIFLH D, MOEMRERIZE YD | m e
fg - &8 - v7 7 AE~OISAMEF STV,
OB DR R R U7z iR R - &8 - &
TI T RENREZ BND, CNTs ICEEENT D EE
FERBET AN S, 74— P vy a Ty
AT VLA NDIER, N7 74 F~OFERLRETEN
TW5b, RIS TIX, MBS - THESHIC CNTs
(SWCNT. MWCNT, CF &ip) Z—HMICEm S,
F72 ONTs Zhdm S 72 E FEFEOHATIC N Y —=
TEIELTEITENL AR BREREGL LR TE R,

2. ERFIE
A)CNT s %> Z AR

CNT s OFL[] « /¥ —= 7120, 78S 47z CNT
s DYV T NVEERTDHZ ENRRAIRTH D, BHEIF
EAED CONT s 1T, Bl SN TRETITE © Hu i
HELTWD, WL T THLEOREY ZIET I LI
TERWZO, AT CNT s 28 - ik L., =
DB E VTR & B EM 2 0 brE | BEED R
WVEREMEAS 0 L TRIE A MED BIFD 2 ERMETH
V. MBS U TR U SR TS A S 2 R iR
HZEHHD,

B)YARLAR DERL

FFLCNT s o P ZElm - R4 —=0 7 /R
A BT 2 72 ORI R L T 7 4 L A% 4E
T 5, WRMBHARITIR Y ~—WK, AHEEE., 73
7 AR EME T D, VERL LT VERHAIZ A)D CNT
s IR S, BH - XF—=0 TS EFHDOY
TIVEER L, B AA—H T A EIZ#EER T35, CNT
s, KY~—+&FI7 %L 0.001wt%~
10wt% & IRA S, AT RICHEmEgise LT
TVRD TiO,, ZrO, ZfEH L. = U 7 ZIZ CNT s
TRl SHEB, MBV L 72, BRI 70°C D,
150CE CHE &7, F72 ONT ICREZHFFSE- b
DOERY < —ZHBEEZbLOEEN S E,
C)RESZHEIM

I 5T, 10T, 12T #HALEZ, AL
FHANCHSZ L TR &, BRI N—T T A
H LK BFAFAERITH T L U T2 FE ST D,
BiRESs - MEWess & &, W5 O RO TR
DRI KREREERL, Mao2ED LIx k)
NHY TNV ERALFE I YT,

3. ERERLEE
A) BEEMZEBR Tio,, Zro,

Figure 1 {%, WFIETHROLIE CNTs (VGCF) %
VIV TIO2 12 S8, 10T ORS¢, Aldia L
TP BE IR T d D, BRI CNT s 3L L
TWBHA, FRFZIEIC Y T v 7 D3 Ao TV D DFER
TED, 2NN 7 AR E OEREEROENCL Y,
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BIEEDIROY VAR LS BEE, b L I3mEiz &
DETITAMEENDERICASTZI T v BN
7o T2 USRI D TiO, IR E DRI %1772 o 72, TiO,
BEIZID EHICHLL 7T IDA-T=ZH0 L H -
723, Figure2 DX 912, 7T v 7 OIWEOIERIZ AL
L7z, LA L Figure 2 DY 7L & AR B T7- BT
(SEM) THIZL7=& Z A, Figure3 DX 912 CNT s D
ELVITHhTNNCT TV I B A>TV DONRFHEREN
Too 2DV T 71X FBEMEI TIIMEGR T 2o Tz,
S DITIRBEFRIE ATV, HACAYITIE Figure 4 DX 91T
SEM THBIELTHLYZ T v 7 ORWVEEIER TS Z &N
T& 7z, AV U7 VT CF % TiO, IZ4H S B EIERIZ 10T
W3 T CREL S E 7250 TH D,

Fig.1 Optical microscopic photograph of CNTs in TiO,
composite. Cracked film was observed.

R I3AT 100~150nm Th Y | {ERL SN H T AL
BHEMR LS BHTH 572, CNT s OIRIMEOHIN R A
7273, Figure 5 DX I ITHHERY T v 7 D7 W IEOAE
AR LTz,

Figure 6 . TiO, & [AARIZ CNT s % ZrO, T/ S

. 5T O FCERINS T D THD, Zr0, T
HEEE 72 < CONT s 2335 J7 MICEL A LTV 2 O b3
WTE D, ZOL S ITERBEARIT Y VT NVEDIRRET
bIvEt 7 I 7 ATHEIMIZARETH T,
Figure 71X, CNT s % Y /L7 )L TiO, FIZ /0t LY %
DT TWRNEDTHSD, CNT s [T0HL TWDH,
s I BRI T v X AR F &RV TE Y
Figure 2 & bl L CHH B NITE I RT3 MR TE 5,

Fig.2 Horizontal alignment of CNTs in TiO, composite.

Fig.3 SEM photograph of horizontal alignment of CNTs in TiO,. Small cracking were observed around CNTs.

- 111 -



S48 10 DAV 3 2rmen x5 00K BELN

Fig. 4 SEM photograph of CNTs in TiO, no cracking. Fig.5 Horizontal alignment of CNTs in TiO, There is
no crack and aggregation. The thickness of film was
approximately 100-150nm.

Fig.6 Horizontal alignment of CNTs in ZrO, composite. Fig.7 Random oriented CNTs in TiO, composite.

4. Fi®

CNT s ORFOBERM, RN, LM, J1F0EE
ZRRIRICRE SE 5 7010%, Bl - A7 —=27
SHDLZENL VR EEZ D, CONT s Bfsis 7
S VAT, BT A & BRI LU R0 5 TR TCIE R
MEETRAFEENENL TN D, RYATF L UACER S
W7 4V A THEBMEZ LR L2 5, HEMOE
KREHEESUEIL 2600M Q. BEELA T 0.6M Q. HithL [ D
HEOWPUHEIT 18k Q & KX RENHR SN, 2D X
INCBESEZ W TC CNT s Z AEICED Z L ic kv, &
RARE 2T Tl S MR LRI Lok~ 72 R R
BHIFIN D,
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Effect of high magnetic field on mammalian gametes
— Pre-incubation for capacitation of guinea pig spermatozoa using for alternating-current magnetic field —

ESLARGET W 1, BB, YA ET - T 4—UT
Tadashi Sankai, Masanori Hatori, Sultana Fowzia
National Institute of Biomedical Innovation
HHKRT  MHEETF
Akiko Okada

Toho University

WE - MOBHIF SRS
Shigeki Nimori
National Institute for Material Science

AR

Abstract:

The effect of magnetic field on the motile rate and acrosome reaction rate of guinea pig spermatozoa was studied. In our
previous study, we found that exposure to an alternating-current magnetic field (50Hz, 5 X10.4 tesla) increased acrosome
reaction, at low Ca>" concentration (0.12-0.25m mM). In the present study, we found that the medium had a high BSA
72mg/ml (bovine serum albumin) and acetone, induce the acrosome reaction, which was Ca?"free (no added calcium) in
modified Tyrode solution (Ca* free MT ). The acrosome reaction has not been observed under the 25 uM Ca®" in medium,
therefore we calculated the Ca®"in the medium. The calculated Ca>" was apporoximately 0.33mM, in a Ca®* free MT. Then
EGTA (Ca’" chelate) were added to the Ca** free MT to determine the effect on the acrosome reaction. The findings suggest
that the acrosome reaction was inhibited ( Specific difference p<0.001) by low level of 0.25mM of EGTA in Ca®" free MT.
The Ca?" concentration is one of important factor for the effect of the magnetic field on the acrosome reaction. Further study

is needed to determine the best combination and concentration of Ca?>", EGTA and BSA.

Keywords: Magnetic field, Ca®"., Capacitaion, Acrosome reaction, Guinea pig sperm

E-mail: sankai@nibio.go.jp

1. IT®IC

TRERE RS L2 T v MEFICIER. 3B
BRG L CRERKICOEEL RN\ D, EHikkE R
BCIRREIIRD bR o T, HE TR ERIK
JEAMEHE SN T- B Z ORI R L E ThH o2, ThE
TOMEN BRGG OB Z IR T 2012, BT
DIEAEEERITB W TRIE LTSS b 5 2 ks HE
WHOLME, & <2 CaPREIC OV TR 2 0808
boLlEbhie, 22T, A, BGRELHMEL
TRBREMWNTDHZEHEAMNE LT, BTHERD
CBEIZOVWTRFI L7z, EBIT & h O
W OB ZTEMALT 2R AL/ O TT & AN
DA L D RARBIERDEIZDNT HRF L7z,

2. EBRFE

216T BIsE~ 7% » b, 40taEE B NMR fiH g
T Ca?' 2mM (I E) % & T modified Tyrode (mT)
WA AT Ca™ DIEENZ, Ca DXL — M
EGTA %N L TREMRIICAfFR0MEENBE, Jefh Rt
R LB Lz, ERICIT Ca¥' EIRIT bovine
serum albumin (BSA: Paesel Loer £1:? Fraction V, salt-and
fatty acid free) 72mg/ ml (27 & k> % 40%AsIN L 7=

H 50ul D E IR T INAA IV TEOEIRT 1 KRR
B L72% & BT 3 7D CO, FE AT T 1 RefFkE L
TT7 & braz&i (BT Ca® SRMEESRR) SH¥k
H D% AW, 723 .BAS I Calbiochemical @ Fraction
V. fatty acid free % AV T Paesel Loer & kit L 7=, Ca*
ZEFERV mT W CTEIL L7ZE/VE y METZBERIC
UE U T4 50ul fERIICHNZ T 20-22 BREES3E L7z, Ca?'
HERINEE D Ca JRIEOWEITIL B BT EE A Y v
/XA AUS5400 % Tz,

3. ERERLEE

Ca® ¥ P I B 13 Ca® VR NINIE L Paesal Loer £
BSA72mg/ml % % 72#% T 0.33mg/dl 77 L 7=, BSA
DH% Y QKIZHEME L= b DI3f 0.22mg /dl ThH-
720 Ca” SE NS BT B Ca?* MRBIED B L% 1/6
MY ENFAET D EE 2 51T, Ca2mM % & iR
R TIIREFIBE RO -2 Ca¥ OEIRINEETITEE
L LRV TNEIFE LTz, % 20-22 B O
EARRIGERIL, 2 br—/L® Ca® 2mM Z & Teasl
T 45% ThH o7, T Ca® 2mM mT #1Z EGTA
Z1mM, 0.5mM., 025mM iRINL7=FEClE. T Fn
4%. 15%. 30%C EGTA #EIIKTE L RGN
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i EFui=(table 1), 7. Ca®' & ImM ICFiIF5 &
EGTA 0.25mM OHANT b SR iNT 6.5% T & 0 #1ifil
SNz, EGTA HERMEETIE 20% & Ca*' 2mM HSINRE
D 45% & D LR o T, EBREED Ca¥ IR T
IZ.EGTA Z M 2 72\ & 32.5% D WARKEE TH - 7,
ZOWRIZ, EGTA % ImM, 0.5mM, 0.25mM i1 L7=
FETIEZENENLREEIE 0%, 0.67%., 4% L FE
(P<0.001) (24l Shiz, F7o, Ca ERINKIC T &
kBN Z e o 2RO SRS R1T 7.5% T &
M ALEE U7 TO 32.5% L D EAE (p < 0.003)
124K 7H>> 7=, Chalbiochemical #:® BSA X7t ho %
Mz 5 EERNBEIL L., B iR E Nz TR L
N, BRRSIHRE SN o T, TR M UTELE
v METORERIGICH R E RIS 20 EHE (R
Yanagimachi, Biol Reprod 13. 519-526, 1975) 41U TCu»
5, L L., CMERMIKEICT & b LB L 7= RED %
WERET ' b &g 20 EE L W AEP<0.003 )IZ
RESNTZDOTT ¥ R AT Z OFMET TR 7O M
BED Y IRBEIM GO EERIFLTNWDH EEXD
WD, Wb RiE ZRITITA RO 20-22 FEFEFE LD ©
5-10 BERIES 2 O RPN E VS T2 V7213 95 BNEE
LIZRENELND L Bbd, Ca¥ R IR
F£D EGTA Z U L CHi#E$ % 3T Ca¥ DI FE & Wi
W2 L, swum up f5 T & FW 5 L LE U T lidh #8 O ik
EREOND LHEREINS,

Table 1 Effect of EGTA concentration on the AR rate
with calcium medium, after 20-22h incubation.

Table 2  Effect of EGTA concentration on the AR rate

in the calcium free medium with aceton, after 20-22h

incubation.

N Ca*™* EGTAmM | % survival | % AR

2 Ca 0mM 1 35 0"

3 | BSA 72mg/ml 0.5 33.3+32 | 0.6717

3 aceton 40% 0.25 6010 4+2”

4 0 62.5£9.6 | 32.5+5Y
Ca 0OmM

4 | BSA 72mg/ml 0 4531 7.5+5%
aceton 0%

N Ca® EGTA mM % survival % AR

2 1 55 4

2 0.5 55 15
2 mM

2 0.25 45 30

2 0 45 45

2 1 15 5

2 0.5 50 4
1 mM

2 0.25 45 6.5

4 0 40+29 20+18

N.= number of experiments.

% survival = mean £SD % of survival rate

% AR= mean +£SD % of the acrosome reaction.
medium= modified tyrode

N.= number of experiments.

calcium free medium= no added calcium,

aceton 40%= 50 ul medium were evapolated to aceton in 2h
before use..

2) and 3) non-specific difference.

3) and 4) specific difference P =0.001

4) and 5) specific difference P = 0.003

4. £L®

1635 B T8 O 7o O S AFREAS S 2 BRI,
WK TH > THENLE Y MEFORERIEERDOT,
T OWRIZIZEIT BSA ICHKT D Ca¥' DL 5 2 &
VI L7z, Z OIEF CIREEE LW TR E0 -
720 F7-. EGTA ¥ X 0 SEREUGAIHl s s 2
ERbHEONERST, o T, MEREREICHWDE
F OB Ca¥ % —E IR 72 EGTA FINEH &
AL, &5I10E#% Sum up LIZFEEER T4 AV
HOMMBWEHEERSINT,

Ca*" 4
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Effects of static magnetic fields on osteoblasts and osteoclasts: Analysis by a model system using fish scale

BPRE BRHAMBER TN 7 —  gARERE, WIER . ARE, BE B, NZRER, (LESA S
Nobuo Suzuki, Makiko Kakikawa, Syoshin Hashimoto, Satoshi Sunata, Yuta Oda and Sotoshi Yamada,
Institute of Nature and Environmental Technology, Kanazawa University
W - MOEITIEREAE SRR . AR
Noriyuki Hirota and Fumiko Kimura, National Institute for Materials Science
BPRRFRFFREFRINZER AL —RR
Kei-Ichiro Kitamura, Graduate School of Medical Science, Kanazawa University
TEERFTHE  AWIER
Masakazu Iwasaka, Faculty of Engineering, Chiba University
FORER R RE BT R =
Atsuhiko Hattori, College of Liberal Arts and Sciences, Tokyo Medical and Dental University
TUNREFERS B REPIREI
Shoogo Ueno, Graduate School of Engineering, Kyushu University

Abstract:

Human bone consists of osteoblasts, osteoclasts, and bone matrix. Few technique for the co-culture of these components
has been developed yet. The fish scale is a calcified tissue that contains osteoblasts, osteoclasts, and bone matrix similar to
those found in human bone. Recently, we recently develop a new in vitro assay system with goldfish scales. Using this assay
system, we examined the mechanism of bone formation by strong static magnetic fields in the present study. In both 6 h and
24 h exposure, static magnetic fields (13T) enhanced osteoblastic activity, but suppressed osteoclastic activity. Therefore,
strong static magnetic fields (13T) have a potential for use as curative methods for bone diseases.

Keywords: Static magnetic fields, Osteoblasts, Osteoclasts, Scale, Goldfish
E-mail: nobuo@kenroku.kanazawa-u.ac.jp

1. XT®IiC SREE DG BT AEN Th DR S 5, £
v hOEIE, BEELME (BEMR) 8 EETS ZCWE MM OB IR E~ 7 Ry R EAWT,
AR (R HIRe) 2 DRERL S AL, AT U LB LA 13T OFESNT3T 25 AN 2 THeEifa o
LT, WET DAV T BREZ —EDEIGITRk- Bra oy aDEERICE VT LT,
TWb, ZONRTUARIAND EBHBREICR D, &K
I, ZEOENROMEMIRZFHET 5120%, B2 2. EBRFIE
MZIF1E % Receptor Activator of NF-«B Ligand % X a (Carassius auratus) (A A 7 JC) Z FREE
(RANKL) & il 5 #B J 12 & 5 Receptor Activator of (MS-222, Aldrich Chemical Company Inc.) L., 7 & =
NF- kB (RANK) DERTHMERH D ENbnoT ERY, 2Oy arkyicg, 2m HOF 2 —7
&, LIER-> TR OO/ Z 7 S & TH & (BM #%8%) [Z ATz, IRIZ%E DF = — 712 HEPES (20
L7 uE, Biokt 7 2/F M 2 IEMEICFEN T & 220, mM) (pH 7.0) X OHUAEME (1%) % & Lok (MEM,
DICHBER RIS, AN EERHE 2 LT ICN Biomedicals Inc.) % 500 ul %72, 728, ¥4
WDHZEBMBNTWD, 2 CTHox ik, BIEM, U Licwm =ik, 2 BRSO T, FEBRBE L xfIREE L L
e Hfa e OVE B A E 507 u = (Figure 1) Tre FDOF 2—7% 13 T OBEFIZ 15°C. 6 KT 24 B
ERAWT, MEREZRE L, ZOREANTHA NREE L. B & g Mia OTs I RIZ T 8%
WBEOBICKT 2EREFTRMER, BoETLEL Suzuki et al. (2007) [6]DFFIEIZ &V FH~7-,
THAMETHD Z Enbho72[1-6],
:mif@§MW@ﬁ%%%me@%:;@ 15 3. ERERLEBR
W ORI & O CRERIC HELT~IH 13T OFREIGIZE Y . v a a0 B EMROEMENS -
%#%ém\ﬁ%:*ﬁék%\@%ﬂﬁ%htau\ FA 5 Z EAVHBA LT, 6 BRI OMBETIL, 7 @k 4
IREREBANR ol L WO KRN H D [7-111 i, EEOX ¥ a 0y alAFET 25 FMaoiEEs
Kotani et al. (2002) [12]i% 8T D HREE O FfgEs /3 2R FR U, SBiT, 24 RO TIE, 7 R+ 6 H
JaoiFEMEE ERESER LV IOREEHRELTEBY, & ROB IR OTEED E5H- Uiz,
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— R OTEMEIER T LT e, 6 IR DB
T, 7 EEF 6 fED ¥ FanvrIFET D
B A OIEEME T Lz, 24 RFRJOLETEH, &5
IZEDRDFFRE L TOLMEES B oi, 7 kT 5
TR DT MR OIEMEAME T L7z,

4. £

ST L0 . BHFEMROESIE ES L, e
OIFEMEITWIR T2 2 ERHA Lz, ZOfERIT,
BEBHOAMBMICELIBERLEALEmMITH D
RANK-RANKL LISMZ bk % RBIEFRET D2 &
kD, BlEEZ STV D ATREMEA R,

SH IS OBBTF ORI E1TV, FiS I &
B E TR S OIS~ B oBR I Bk
THIOOERT 22D TETHD,
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Fibroblasts

both osteoblasts and osteoclasts.

Figure 1. Schema of the scale in teleosts. Teleost scale is a calcified tissue that contains
osteoblasts, osteoclasts, and bone matrix. The scale is similar to membrane bone of mammals.
The scale contains as much as 20% of the total body calcium and are a functional calcium
reservoir during periods of increased calcium demand, such as sexual maturation and
starvation. Using the goldfish scales, we examined effects of static magnetic fields (13T) on

Osteoblasts

Scale pocket
lining cells
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The study of biological effect of strong static magnetic field
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Masateru Ikehata, Sachiko Yoshie
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Noriyuki Hirota, Taro Takemura, Takashi Minowa, Nobutaka Hanagata
National Institute for Materials Science

Abstract:

The effects of strong static magnetic fields (SMFs) on mutagenesis related to ROS behaviour were investigated. To
estimate mutagenicity of SMFs, superoxide dismutase (SOD)-deficient Escherichia coli QC774 that is defective of sod4 and
sodB was employed. QC774 cells were exposed to 5, 10 and 13 T SMFs for 24hr at 37°C in LB medium. After exposure, the
frequency of thymine synthesis deficiency (Thy’) mutant was determined for evaluation of mutagenicity. In the result, no
statistically significant difference in Thy  mutant frequency was observed between SMF-exposed cells and unexposed cells in
all of magnetic flux densities. It suggests that SMF does not have mutagenicity in SOD-deficient E. coli under the condition

in this study.

Keywords: Strong static magnetic field, Superoxide dismutase, Mutagenicity, Escherichia coli

E-mail: ikehata@rtri.or.jp

1. IXC®»IiT

WIE, WaRE, B SR BRI D B T
OHETTF, AFEREICBW T, OEME () I
IRET OSSN A2 L2 h Y, B () o4&
REBIZHT 2 AROBLIIEAR E LTEV, ERER
SRS (WHO) TiE, T X ) 7Rz, &k
0 725 300GHz % TOMEEE Y 27 2l OFFRY SN
ZEE 2 CRETER EMF 7ry=2 bE2ERL,
2007 AEITIE, MM AT BT DR E Y T
A 7V 7 (Environmental Health Criteria No.238) % TIJ4T
LTW5, ZO&HIZ, xR L
DAEREEIZET 2R IICED LTV B H
T, FERIELFSEORBRFALFEL, ALY
HIENBEHETHLHZLITIEIETHRY, LaL,
ZIERIRHC, BFOAEEED A =X LIZHL,
REHLDIZ o TORWERZNZ L EEX D L,
& 0 BAl 72 R TRES D ARSI BT D AR A R A
WHHZEHLHEETHD,

ITFEOWFITIZIBN T, BIGRE O AR OO
D EDE LT, bR b L ADOA HMEIEEREM D
M~DOIRERET DMEENRENTND, K5
TlX, Superoxide dismutase (SOD)E{& 1% KT 5K
WBEE M, ZREEEZEIELE LTS OAYEES
PO THZ & 2AME L,

2. EBRFIE
21 EEHBRBEE

TE R TIRELEE L LT, BB ENRK 13T OFE
WS RAET D Z LN ER A (JASTEC
## JMTD-10C13E-NC) % vy, 5, 10, 13T TORE

Gy DI RIFVE AT LT, ARIREELEE TIE, A7 BEmH
BIEO X OICEE L) a U ENITIRK &8 I
MG HZ LIk, RTNE 3TCITHER L7z,
2.2 BB

AWFFEClX, Escherichia coli K-12 ¥EH 3T SOD &
{5¥ sodA, sodB % KIET 2% QCT74 BR(P (sodA-lacZ)49
D (sodB-kan)1-A2 Cm' Km") &% DWAEKEZ W,
SOD (%, superoxide & /KFEA A D> HiERE LK & R
FERAERTDHZLI2LY, DNA AL EYE DB ED
JiK & 72 % superoxide ZVHET AEEFE TH D, QCT74
BRIIABER Z a— NI 28I T2 RETHZ LD,
superoxide 2607 V —F U H WTEZENE L, B
TR L SBEECHET D,
23 BEFEEFRER

QC774 k¥ L O DIy ARk % LB EiHd ¢, 37C,
dhr FEEFE L7218, BGOAOERIFEMNEZFMT 57
DIZ, LB HMUCPTE&E2 ML, ©HEBSRELE
ZAWT, 5, 10, 13T OfEHIZ 24hr BT L7, 1B
BOKIGH 2 EFHBWIED DI LB EREH T L —
MZ (Survival assay), F7z, BETEARELTF IV
FETLRME (Thy") 22 HERME (Thy) ~DOBEEE
HEL L, BRZEZ LEBEEOREEITY 20,
Trimethoprim & Thymine % &2 M63 7/ /L 2 — R fir/[N5&
REEH 7 L— MZ (Mutation assay) #&FE L7z, KiGHE
EEMELIEATL— % 37CCar=—»HET5
FCHEL (LB H5H /9 18hr, M63 £5Hl : 9 66hr),
KT —hoan=—E L7, 10O LR H
720 OBRFAERE R A B FARSE L LTHED
L7,
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3. ERERLER

AL TIL, 5,10, 13T OEFHRSH T L D2 BRI
SONT, BRtEIT-o7= (Fig. 1), ZOREER, AR
DNTIE, BPERRIC R, QCT74 ¥k J5 235 o5 e
WCEbHLLT, FHEWMERICH b 00, EiaTE
BBV TIE, BAEKE QCT7T4 BT, 1FEA L
IR SN hoTn, Fo, AREBIOEETER
BEEE & b ICREIRE & IERE IOV THREICEE
#iﬁ%ﬂ&#otoit,% U 7RG 52 BE OD3EE

CEBELR LN oI, T 2T, AWFFETIE
Eﬁz%ﬂ}?‘sﬁ%@ﬁﬁﬁ L LT, {mf*{ﬁk%%%xf_%
V¥ 2 _N—H— (Control R) ICTEREZIT->TW
D, LU, B S O B % ST B 72D
[ UG5 R T 4 & CRESG A FDN L 722V Sham % &
k4 _&xCTchHsb, £Z T, Sham R & Control &
TORBEIToT L A, MEORKRIZIZTEALEE
WX L B LT,

AW TIE, 5,10, 13T OEFBEEEIZIB T, #
GidEiRiEE R & i L C, BIn FARBRIIBIREINT
RGO ERFIEIIHER SN2 o T2, Ziud, Fx o
AL b—H T L0 THD, —F. FUKEHE
% MW, Rifampicin M2 B2 512 & L 72 /G2
RENTEY (Zhang ef al., 2003), WEEIRE LFHE L
T rifampicin MPEZEERDBEINT 2 &0 S R IE N
TW5, RBFETIE, MHEEERERDZ LD, K

HFEEE OEMT L DR OO NS ST U 7= AT e
b H 20, AEROFHEMEITEERICHTIT & T
bhodrEZLNE,
101 =
(@) i
— B 2
E =7
= 2 S
— IaVEN N
3 10 iy
H L)
i i) i
H H
108 =
5 [ —
mﬁ&fﬁ
Fig. 1

10

30 (b)
%3
20 B Qc774
0

4. £&®
EMEEZRME O —>TH D Superoxide (5 L TE&
ZPETdH D Superoxide dismutase ZKIAT D KIGE
QCT74 ¥k&Z N, 5, 10, 13T DEFRIBIC L HER
JRPEZ IR Lo, EORER, &£ ORHEESRMFICB
THHLPRERFIEIIR S RhoT,

5. BZE IR
Zhang, Q.-M. et al., Int. J. Radiat. Biol., Vol. 79, No. 4, pp.
281-286 (2003)

0 5 10 13
R HE[T]

Mutagenicity of 5, 10 and 13T strong static magnetic field,;

(a) Survival cells, (b) Mutation frequency
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Abstract:

Magnetoelectrochemical synthesis of a polythiophene in a nematic liquid crystal electrolyte was carried out. The
polymer shows good redox property evaluated with a cyclic voltammetry. Electrochemical polymerization of the monomer in
a nematic liquid crystal electrolyte without magnetic field affords a polymer having a Schlieren texture. The polymer thus
synthesized in the liquid crystal electrolyte under the magnetic field (8 T) shows “linear polarized dichroic electrochromism”

Keywords: high magnetic field, NMR, magnetic order, Haldane gap, hybrid magnet
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High-Field NMR study on the Haldane compound PbNi,V,04

W - BB SUREA O BEZRER, o ELAL TEK fH, BIEE SRR AL diE 55
Kenjiro Hashi, Naohito Tsujii, Tadashi Shimizu, Atsushi Goto, Shinobu Ohki, and Hideaki Kitazawa
National Institute for Materials Science

Abstract:

>'V_NMR measurements of the Haldane compound PbNi,V,Og at 30 T have been performed by using a hybrid magnet
installed at National Institute for Materials Science. The NMR spectrum begins to split at 12K with decreasing temperature.
The temperature at which the NMR spectrum begins to split well agrees with the temperature at which the magnetization
takes the minimum. The splitting of the NMR spectrum gives microscopic evidence for the presence of the field-induced
antiferromagnetic ordering. The splitting has grown uniformly with decreasing temperature, suggesting that the transition is
of second order and the magnitude of the ordered moment is uniform. The upper limit of the magnitude of the ordered

moment was estimated from dipole field calculations.

Keywords: high magnetic field, NMR, magnetic order, Haldane gap, hybrid magnet
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Development of a nuclear spin polarizer with the optical pumping method: VI
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Abstract:

We have studied polarization transfer dynamics in optically oriented nuclear spins in semi-insulating compound
semiconductor InP:Fe in order to examine internuclear couplings in hyperpolarized nuclei.

Keywords: dynamic nuclear polarization, optical pumping, double resonance, cross polarization, indium phosphide
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Fig. 3 Crystal Structure of InP and a network of
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nuclei.
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Development of the 1GHz class High-resolution NMR spectrometer system
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Abstract:

Magic angle spinning (MAS) controlling system was improved and tuned for 930MHz highest field NMR system
Further, MAS control system were developed by using PID control sequence and applied for solid NMR solution

measurements. As a result, it is concluded that this MAS system has enough specifications for achievements of

high-resolution NMR experiments.

Keywords: High magnetic field, SCM, NMR, 930MHz, MAS controller
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Fig.1 CPMAS spectrum of HMB at 23kHz spinning speed.
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Abstract:

Al NMR spectrum of low silica X-type zeolite loaded with potassium has been examined for several loading levels of
potassium. Positively shifted component is observed only for the sample with no ferrimagnetic transition. This feature
pointed out a possibility that the electron wave function corresponds to Fermi level changes its position to the framework of

zeolite after vanishing of ferrimagnetic transition.

Keywords: low silica X, zeolite, ferrimagnetism, potassium, Al NMR
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Fig.1 Schematic illustration of crystal structure of low
silica X-type zeolite. The sites for Si and Al exist at the
cross points of the framework. Small circles in the figure
correspond to the typical cation sites.
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potassium n per supercage of low silica X type zeolite.
Ferrimagnetic transition occurs only for small range of n.

Small circles in the figure correspond to n of the samples.
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High-Resolution NMR with Resistive and Hybrid Magnets
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Abstract:

A method for compensating effect of field fluctuation is examined to attain high-resolution NMR spectra under an
unstable magnetic field. In this method, time dependence of electromotive force induced for a pickup coil attached near a
sample is measured synchronously with an acquisition of NMR. Observed voltage across the pickup coil is then converted to
field fluctuation data, which is used to deconvolute NMR signals. The feasibility of the method is studied by ’Br MAS NMR
of KBr under a 30 T magnetic field of a hybrid magnet. Twenty single-scan NMR signals were accumulated after the
manipulation, resulting in a spectrum of a single main peak with its spinning sidebands.

Keywords: Hybrid magnet, High-resolution NMR, Field fluctuation
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Figl: Free induction decays (i) and the corresponding Fourier-transformed spectra (ii). (a) shows a MAS
NMR signal of ”Br in KBr measured with the hybrid magnet at 30 T. (b) represents the compensation signal
for (a) obtained using data of the induced electromotive force. (c) shows the compensated signal obtained by
the present scheme with signals (a) and (b). (d) and (e) show the accumulation of twenty compensated (d)
and raw signals (e), respectively.
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I. Introduction

Since the development of the CP/MAS method by
Schaefer ef al. in 1975, more than 30 years have passed with
many remarkable progresses in hardware and software for
high-resolution solid-state NMR spectroscopy. We started
high-resolution solid-state '*C NMR studies of solid polymers
including different types of native celluloses in 1981 by using
a JEOL FX-100 spectrometer operating at an electromagnetic
field of 2.35 T. Since then, we have been contributing to the
clarification of the crystalline-noncrystalline structure of
crystalline and liquid crystalline polymers, structure and
structure formation of native cellulose, the conformation and
hydrogen bonding in poly(vinyl alcohol) (PVA) materials
with different tacticities, and dynamics of polymers in the
crystalline and noncrystalline states. In this paper, we focus
our attention on the characterization of hydrogen bonding for
PVA and native cellulose including the characterization at a
super-high magnetic field and by quantum chemistry
calculations. Moreover, the surface structure of cellulose
nanofibers and other polymeric materials, which was
characterized by surface high-resolution NMR newly
developed, is briefly reported.

II. Intramolecular and intermolecular hydrogen bonding
(1) Poly(vinyl alcohol)

It is well known that the CH "*C resonance line splits
into three lines with a chemical shift difference of about 5
ppm for solid PVA samples. Such splitting is mainly due to
the crystalline component and the split lines are assigned to
the CH carbons associated with two, one, and no
intramolecular hydrogen bonding(s) formed in the triad
sequences with the all-frans conformation in the order of
decreasing chemical shift. This assignment seems highly
plausible because the features of hydrogen bonding for
different PVA samples were reasonably characterized by the
detailed structure analysis based on this assignment.”

It is, however, also very important to explain such
splitting by using quantum chemistry calculations. We tried to
simply calculate the *C chemical shift values for the central
CH carbons of the isolated trimer molecules of PVA
composed of the mm, mr, and rr sequences by using Gaussian
03.” After the energy minimization, it was found that two,
one, and no intramolecular hydrogen bond(s) should be
respectively formed for the mm, mr, and rr sequences as
expected. Moreover, the °C chemical shift values of the
central CH carbons are appreciably shifted upfield in this
order, being in good agreement with the experimental results.
Similar calculations will be performed for the cases of the
formation of two, one, and no hydrogen bond(s) in the mm
sequence with the all-frans conformation.

As for the noncrystalline component, the so-called -
gauche effect? and the possible formation of the
intramolecular hydrogen bonding even in the r units should
be considered by the existence of the gauche conformations at
some fraction depending on each sample. We have already
proposed the detailed analytical method for the CH resonance
line of the noncrystalline component, which can be
selectively obtained by the *C 7 filtering method, for each
PVA sample.” Here, two probabilities f; and £, are introduced
for the adoption of the trans conformation and the formation
of the intramolecular hydrogen bonding in the possible vicinal
OH groups, respectively. The CH line shape analysis
conducted in terms of the nine constituent lines, which are
produced by assuming the j~gauche effect and downfield
shifts induced by intramolecular hydrogen bonding, and
statistical treatments for their intensities make possible the
determination of the f and f, values for different PVA
samples. Here, we also examine the y-gauche effect induced
by the carbon or oxygen atom and the downfield shift
produced by the formation of intramolecular hydrogen
bonding in the r units by quantum chemistry calculations to
establish the detailed analytical method for the noncrystalline
component of PVA.?
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(2) Native cellulose

High-resolution solid-state 3C NMR greatly contributed
to the proposal® and the establishment of the composite
crystal model that native cellulose crystals are composite
crystals of two allomorphs, cellulose I, and Ig, especially
through the finding™® of wide distributions of I, and Ig in

nature and the discovery®'”

of the crystal transformation
from I, and Ig. On the basis of these contributions, recent
wide-angle X-ray and neutron diffractometries proposed the
crystal structures for the I, and Iy crystal forms including the
positions of the hydrogen atoms.'™'? According to this
analysis, appreciably different types of hydrogen bonding
networks are formed among the origin chains and center
chains that are respectively located at the origin and center
positions in the monoclinic Ig unit cells. Moreover, another
set of hydrogen bonding networks is also assumed as
disordered structure whose occupancy is at a level of about
40-20 %.

Since high-resolution solid-state NMR is very sensitive
even for the disordered component, we tried to characterize
the hydrogen bonding structure in native cellulose crystals by
mainly using solid-state "H CRAMPS, "*C-'H hetero-nuclear
correlation (HETCOR) NMR, and CP/MAS ’H NMR at a
super-high magnetic field.'” First we measured 'H CRAMPS
spectra of tunicate cellulose, which has almost pure I form at
a degree of crystallinity of about 100 %, and its OH-
deuterated sample at 400 MHz and clarified the OH
contributions. Since the resolution of the OH lines thus
obtained is not enough to characterize the hydrogen bonding,
we also measured the *C-"H HETCOR spectrum for tunicate
cellulose at 500 MHz as shown in Figure 1. It was found that
the C3 and C6 doublets, which are assigned to the carbons in
the origin and center chains, have their own correlation peaks
with the OH protons at sites 3 and 6, respectively. In contrast,
the C2 singlet has only one correlation peak with the OH

groups at site 2.
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According to the hydrogen bonding networks proposed
by the diffractometries described above, the OH groups at
sites 3 and 6 form significantly different types of hydrogen
bondings in the origin and center chains, in good agreement
with the *C-"H HETCOR results. However, even OH groups
at site 2 also have two types of hydrogen bondings in the
respective chains, whereas only one correlation peak is
observed in the HETCOR spectrum. Moreover, any possible
contribution from the disordered hydrogen bonding networks
could not be detected at the present level of 'H resolution in
the HETCOR spectrum.

To further increase the 'H resolution, we tried to use
CP/MAS *H NMR, which was very recently developed at a
super-high magnetic field of 21.8 T, because *H NMR is
much higher in resolution than 'H NMR. We could obtain
CP/MAS ?H NMR spectra at much higher resolution as
expected for the OH-deuterated tunicate cellulose and also for
the OH-deuterated Glaucocystis cellulose that has the I, form
at a very high I, content of about 90 %. Now we are also
developing a "*C-*H-'H triple resonance probe to measure a
BC2H HETCOR spectra for these cellulose samples. The
results will be presented at this symposium.

III. Surface structure characterized by surface high-

resolution NMR
Although there

characterize the surface structure of polymer materials, the

are many different methods to
chemical and molecular structure should be characterized in
detail by solid-state NMR. However, it was very difficult to
selectively measure the surface component in some polymer
material by conventional solid-state NMR. We could very
recently develop a new solid-state NMR by combining 'H
spin diffusion process and CP/MAS detection, which is
simply called surface high-resolution (SURHIR) NMR.'> In
this method, pieces of fibers or films are dispersed in a simple
liquid such as water with or without the addition of a small
amount of surfactant and 'H spin diffusion is induced from
the surrounding medium to the polymer materials through the
surface during an appropriate time for the spin diffusion.
Finally, the '>C detection is carried out for the 'H
magnetization produced through the 'H spin diffusion by the
CP/MAS method as a function of the spin diffusion time.
Then, we can basically characterize the chemical and
molecular structure, local molecular orientation, hydrogen
bonding, dynamics, and so on as a function of the distance in
A from the surface which will be closely related to the spin
diffusion time.

Figure 1. “C-'H hetero-nuclear correlation spectrum for tunicate
cellulose
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First we characterized the surface structure for cellulose
nanofibers that were obtained by treating the mantle of
tunicin with 60 % H,SO4 aqueous solution according to the
method usually used. After the careful purification, the
nanofibers dispersed in water were freeze-dried and then an
appropriate amount of water was added to them to adjust the
water content to 0.7g-water/g-cellulose. The sample thus
prepared was packed in a MAS rotor equipped with spacers
having seal function to suppress the removal of water during
MAS. The SURHIR NMR measurements were conducted at
room temperature mainly on a Chemagnetics CMX-400
spectrometer.

Figure 2 shows CP/MAS "*C NMR spectra for tunicate
cellulose nanofibers obtained at different spin diffusion times
(t48) by surface high-resolution NMR. At the right side of the
figure, the distance L from the surface is also shown which is
calculated from 7; by assuming the one-dimensional spin
diffusion process in this system. A clear increase in intensity
is observed in each main resonance line with increasing spin
diffusion time. This indicates that 'H spin diffusion really
occurs from the surrounding water to cellulose nanofibers
through their surface. The detailed analysis for the peak
intensities of the downfield and upfield lines for the C4 and
C6 carbons, C4D/C6D and C4U/C6U, which are respectively
assigned to the crystalline and disordered components,
revealed that the disordered component is distributed in a
surface area less than about 5 nm from the surface, while the
well-ordered crystalline component forms the core of the
nanofiber ranging from about 1-10 nm from the surface. A
somewhat disordered crystalline component also exists in a
surface area less than about 1 nm from the surface.

Similar SURHIR NMR measurements were also
performed for the cellulose nanofibers in which the OH
groups were converted to the COOH groups in the surface
area. However, no resonance line could be detected for the
sample when water was used as a dispersion medium
probably because of the vigorous decrease in CP efficiency
for the COOH groups by swelling with water. In this case a
hydrophobic liquid should be used as a dispersion medium
and a small amount surfactant may be sometimes necessary
for better dispersion of the hydrophilic nanofibers. Here, we
used n-decane as a dispersion medium and 1-O-n-octyl
glucopyranoside (OGP) as a surfactant. In this system we
could observe a resonance line assignable to the COOH
groups and conclude that the COOH groups are distributed in
a surface area less than about 1 nm from the surface.

We evaluated the mechanism of the 'H spin diffusion
process for each case described above. In the aqueous
medium, bound water molecules are located on the surface of
each cellulose nanofiber and rapid molecular or H-atomic

exchanges occur between bound water and free water
molecules. Such exchanges allow the transfer of 'H
magnetization, which is selectively produced by the 'H T,
filtering, from free water to bound water and the actual 'H
spin diffusion is induced from bound water molecules to the
cellulose nanofiber through the surface. The existence of free
and bound water and their rapid exchanges were confirmed
by DSC and 'H 7, measurements in this system, respectively.

In contrast, a small amount of surfactant is necessary for
the hydrophobic medium and hydrophilic nanofiber system.
Some surfactant molecules are adsorbed on the surface of the
nanofiber in place of water and hydrophobic liquid molecules
are bound at the hydrophobic sites of the surfactant molecules.
The actual 'H spin diffusion will occur from the bound liquid
molecules to the nanofiber via the surfactant molecules in this
system.

We also applied SURHIR NMR to the characterization
of surface structure of different polymer materials including
fibers and films. In these cases, the dispersion media and
surfactants should be well selected to successfully observe the
surface components in the respective samples.
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Figure 2. CP/MAS 3C NMR spectra of tunicate cellulose nanofibers
obtained at different spin diffusion times (#;s) by surface high-
resolution NMR.
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A Solid-state "0 NMR Study of Metal-organic and Biological Compounds
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Abstract:

Solid-state "0 NMR is expected to be a useful tool for investigating biological systems such as metalloproteins and
protein-protein interactions. This is because oxygen generally plays important roles in such biological activities and '"O
NMR tensors exhibit large ranges depending upon a local molecular environment. In this presentation, we will present a
systematic experimental and theoretical investigation of oxygen-17 EFG and CS tensors in biological solids including amino
acids, peptides, and proteins. In addition, we will report a solid-state '’O NMR study of metal-organic compounds in which
oxygen atoms are directly involved with metal ions. It is expected that they serve as model compounds for the future

investigations of metalloproteins.
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Solid-state '"O Nuclear Magnetic Resonance (NMR) is
expected to be a useful tool for investigating biological
systems such as metalloproteins and protein-protein
interactions. This is because oxygen generally plays important
roles in such biological activities and 7O NMR parameters
such as electric-field-gradient (EFG) and chemical shielding
(CS) tensors exhibit large ranges depending upon a functional
group and a local molecular environment. For example, the
ranges of "0 CS tensors are distributed around approximately
1500 ppm from urea to aldehyde. Recently, by using 7O
stationary, MAS, and MQMAS experiments at multiple
magnetic fields combined with MO calculations, our group has
presented experimental 7O NMR tensors for a series of
biological compounds including amino acids, peptides, and
proteins. In this presentation, we will present a systematic
experimental and theoretical investigation of oxygen-17 EFG
and CS tensors in biological solids. In particular, it is possible
to discuss the trends and the nature for the 7O NMR tensors in
comparison of the obtained NMR parameters with the
already-known molecular structures. In addition, we will report
a solid-state '’O NMR study of metal-organic compounds in
which oxygen atoms in amino acids are directly involved with
metal ions. They are very attractive small molecules since they
may serve as model compounds for the future investigations of
metalloproteins. This work is part of a systematic investigation
of amino acids, peptides, and proteins by solid-state 'O NMR

performed at RIKEN Genomic Sciences Center.
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70 MAS spectra for (a)
["O]-B-glycine,  (b)  Li,SO,["O]-glycine, and (c)
NaNO;['"0]-glycine. ~Schematic representations of the
corresponding  intermolecular interactions around the
carboxylate oxygen of glycine molecules are also given at the
rights sides of the spectra.

Figure 1. Experimental
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Figure 1 shows experimental 'O MAS spectra for (a)
['70]-B-glycine, (b) Li,SO4['"O]-glycine, and (c) NaNO;-
['7O]-glycine, observed at 11.7 T with sample spinning
frequencies of 12-15 kHz. The analysis of these MAS
spectra can yield Cq, ng, and &;s, for each oxygen atom in
the carboxylate group of glycine molecules. Compared to
the 70O NMR tensors for y-glycine, previously reported by
our group, it can be found that '’O NMR parameters are
highly sensitive to hydrogen bonding environments. For
instance, there are differences of approximately 5-8 ppm in
diso between y-glycine and [-glycine. This clearly
demonstrates that solid-state '"O NMR is useful for the
investigations of polymorphs. In Li,SO,4-glycine, the two
carboxlate oxygen atoms of a glycine molecule are directly
linked to Li ions. At a glance, the 70 MAS NMR line
shape for the Li,SO4['0]-glycine is different from that of
['70]-B-glycine, but the line widths are roughly similar to
each other. In fact, the value of J,, is reduced to
approximately 20 ppm, while the value of Cg exhibits
relatively similar value of B-glycine. Although it is well
known that hydrogen bonds make it change the values of
170 8, and Cyq, the present data suggest that the effects of
ion-binds on the 'O NMR tensors may be different from
that of hydrogen bonds. According to the molecular
structure of NaNO;-glycine, the glycine molecules are
sandwiched between the NaNO; layers, and the oxygen
atoms of the glycine molecule are bonded to Na ions.
Interestingly, the 'O MAS spectrum of NaNOj;-
['7O]-glycine exhibits a shapeless one. We carried out the
70 NMR experiments from 210 K to room temperature,
and it can be found that a dynamical process exists in this
system since the line shapes are varied with each
temperature. It is deduced that glycine molecules have a

local motion between the NaNOj layers.
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Abstract:

We have studied the coordination structure of heat treated boroaluminosilicate galss using 21.8 T high field NMR
spectrometer.  The contents of BOj3yp, and BOsyonasing Show the local maximum and minimum at 750°C, respectively. The
local maximum and minimum can be provided by a progress of ohase separation and a ring opening of aboboxol group.
The 21.8 T high field NMR spectroscopty enables us to clarify the coordination structure of boroaluminosilicate glass in
detail. We have also studied about coordination structure of aluminum in boroaluminosilicate glass.
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Separation of 2H MAS NMR Spectra in Paramagnetic Compounds by Two-Dimensional Spectroscopy

BRKRFRFPEBRB AR ER T HY KB, sk B =5
Motohiro Mizuno, You Suzuki, Kazunaka Endo
Graduate School of Natural Science and Technology, Kanazawa University
YyE MR STEERE R BSERD. PHETIESE. WK 1
Miwa Murakami, Masataka Tansho, Tadashi Shimizu
National Institute for Materials Science

Abstract:

The technique of *H MAS NMR spectroscopy is presented for the investigation of molecular dynamics in paramagnetic
materials. For paramagnetic samples with several structurally nonequivalent sites, the isotropic paramagnetic shift due to the
Fermi-contact interaction is useful for separation of the spinning sideband patterns of the deuterons in the different sites. The
use of two-dimensional NMR spectroscopy for separation of the spinning sidebands is discussed. The two-dimensional
single-quantum and double-quantum *H MAS NMR spectra were measured for paramagnetic compounds. The observed
two-dimensional “H MAS NMR spectra were well reproduced by the simulation including paramagnetic effects and
molecular motions. For the further separation of ’H MAS NMR spectra in the different sites, application of a strong field of

21.8 T to this technique is discussed.

Keywords: deuterium NMR, MAS, paramagnetic interaction, two-dimensional NMR, high magnetic field

E-mail: mizuno@wriron1.s.kanazawa-u.ac.jp
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Fig.1 Pulse sequences for the measurement of
two-dimensional *H MAS NMR spectrum. (a)
single quantum method, (b) double quantum
method
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Fig. 4 Two-dimensional ’H MAS NMR spectrum of
CuSO45D,0 using double quantum method.
(vo=142.76 MHz, MAS speed= 16kHz)
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Fig. 3 Two-dimensional H MAS NMR spectrum of
Sm(NO;);*6D,0 using double quantum method.
(vo=142.76 MHz, MAS speed= 16kHz)
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Fig.2 Two-dimensional ’H MAS NMR spectra of Sm(NOs);+6D,0
using single quantum method (a) and double quantum method (b).
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Structure Analysis of Alanine Oligomers in B-sheet Forms by High Field Solid State 'H NMR
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Department of Biotechnology, Tokyo University of Agriculture and Technology
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Tadashi SHIMIZU, Masataka TANSHO
National Institute for Materials Science

Abstract:

The solid state '"H NMR spectra of trialanine with parallel and anti-parallel B-sheet structures were measured by high
field / fast MAS NMR. NH 'H signal of (Ala), taking P structure was resonated at higher field than that of AP structure. This
was consistent with the relative hydrogen bond lengths of the inter-strand N-H..O=C bonds. Parallel -sheet structures were
partly accompanied with major AP structures when peptides of longer chain-length such as (Ala); 3 are concerned as viewed

for the resulting shoulder NH 'H signals.

Keywords: High field solid state '"H NMR / B-sheet structure / Alanine oligomer

E-mail: asakura@cc.tuat.ac.jp
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100%D P XN AP B — MEEEZEREE L5 Z 3T
& 5k Y & LT L-alanyl-L-alanyl-L-alanine (Ala); %
H=(Figl), =612, HEZEL LichE oKkFERS
AREEOBL BT 572012 Ala 4V 2~ —(Ala); 4
% FAV 7=, "H MAS NMR {5 13 JEOL ECA930 % i\ >,
[El#iz%k 20kHz TIT - 72,45 7L A Z VOG0 " 7L A
4ps), BEEEHIT 32 BT v Z AL ZVETITF 572,
WEEERE L LTy YV aryaazfv, TMS LV
0.12ppm & L7z, DFT %> 7 biH%IE, Gaussian03
v/ 7 AEFMHLE GIAO-CHF E[#EE %K -
6-311G(d,p)] T{T > 7=,

[#R - B8]

(Ala); @ P i - AP #5315 '"H MAS NMR 222 kL
BLOMEFEY 7 MEHRERER % Fig. 2 177, P S -
AP K3 & 512 NH/NH, ,oH, pH 4580 71 b oo
FADRSHELT- AT MABRELNTZ, SENERT S
KFEFEAICHEEG T 57 2 F7m b (NH/NH; )DL
7 MEIZEBWT, AP i T 9.4, 8.5ppm (B —
703, PAEETIX 8.9, 7.5ppm IZ 2 DD L 72—
DM & 4072 (Fig 2A), s N H 5 b TV 5 KHE
FHEROBODROY 7 AGREkN G| P S - AP 1E
& & HICIRBIS A NHy, 7' e b @l la NH 7
ahUHREIRET A EMNTES, NH B —27105H
B35 &, PAEE7.5ppm)HS AP #5315 (8.5ppm) & ¥ H 49
1.0ppm EREEFIZ BV, GTAO-CHF ki L A1b%v 7 b
HEIZBWTHEAMNFH I TV (Fig2B), 0
FER LY., KREFHEREOENZIHEKT S NH 7= b
YO T M END, PAEIE - AP fEIE ORI 2N FTRE
ThiH I Epmranz,

o, Ala iR % AT OMIET 5 & NH/NH;" 58
IZB VT, (Ala)yg FTIX 9.5ppm fHTICIEIET > 7
NE—=T ThoTzDN, (Ala)g LHITL TN & @l
BN HT 7272 & — 7 SBINT= (Fig3 %), W0 BEE1T
Stk T A, ARBGER L mEEAL S DY, (Ala),
T 82, (Alag T 7:3 720, (Ala); 75 P HEEN HIEL
L. HEDMB DI T PABER S HEINT 2 Z &
PR STz, AL, YEFFEE T PC CP/MAS NMR
ERHWTELALERE b B L TWD,

- 141 -



Anti-parallel Parallel

Fig.1 Eight and six peptide chains in crystalline
anti-parallel and parallel (Ala); used for theoretical
calculation of NMR shielding constants. 2
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1) Asakura, T. et al., J. Am. Chem. Soc., 2006, 128, 6231.

2) Fawecett, J. K. et al., Acta Cryst. 1975, B31, 658.
3) Hempel, A. et al., Biopolymers 1991, 31, 187.
4) Suzuki, Y. et al., Jour. Phys. Chem. B, 2007, 111, 9172
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o,
AP Li bl
N.H Ha 'ip
S| -
4 12 0 &8 & 4 2 0

Fig.2 (A)'"H MAS NMR spectra of (Ala); with AP
and P structures (B)Stick spectra of 'H chemical
shifts calculated by DFT method.

Hp

(w)
l

NH:iNH e

L L L L L

ppm from TMS

Fig.3 'H MAS NMR spectra of (Ala), (n=3~8).
(w) is water peak and (r) is internal chemical shift
reference (silicon rubber).

- 142 -



RIS SS(21.8T)[E & —

AV IRN—F

WITAZHANMRIZ X 5
A 72 BCN ORE & fEAT

Structural Analysis of Mesoporous BCN Using Two-dimensional Exchange NMR in Solids
at High Magnetic Field of 21.8 T
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Abstract:

Microstructures of mesoporous BCN and mesoporous BN have been examined by using two-dimensional ''B-''B
exchange NMR at 21.8 T, which suggests a "pillar and wall" structure for mesoporous BCN, while a wall-only structure for

mesoporous BN.

E-mail: MURAKAMI.Miwa@nims.go.jp
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[1]1A. Vinu et al., Chem. Mater., 17, 5887-5890 (2005).
[2] M. Murakami et al., Chem. Lett., 35, 986-987 (2006).
[3] M. Murakami et al., to be submitted.
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High Magnetic Field (21.8 T) Solid-state Nuclear Magnetic Resonance for Inorganic Materials
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Abstract:

We hereby report that high magnetic field (21.8 T) solid-state nuclear magnetic resonance (NMR) spectroscopy is very
useful in studies of quadrupolar nuclides in inorganic materials. The increase in signal sensitivity, especially for species with
large quadrupolar products, and the decrease in signal width become significant with increasing magnetic field strength. An
Al 5QMAS spectrum of a refractory mortar was considerably resolved at 21.8 T compared with 16.4 T, suggesting the
effectiveness of the high field NMR in clarifying the local structures in complex materials.

E-mail: saito.koji@nsc.co.jp
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Fig. 1. The “AIMASNMR spectra of an industrial
refractory mortar at different fields. The horizontal axis
indicates the relative frequency in ppm. The asterisk is a
spinning side band.
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Fig. 2. The *’Al 5QMASNMR spectra of an industrial
refractory mortar at (a) 16.4, and (b) 21.8 T,
respectively. The excitation and conversion pulses
optimized for the refractory were 3.2 and 1.5 ms at 16.4
T, and 3.0 and 1.6 ms at 21.8 T, respectively. 80 scans
with a recycle delay of 8 s were collected for 641
increments at 16.4 T, and 120 scans with the delay of 18
s were for 128¢, at 21.8 T. It should be noted that there
are ghost peaks along the isotropic dimension (with
asterisks) at 21.8 T, owing to the incomplete acquisition
of long-tailed #, FID signal. Inspection of the 3QMAS
spectrum (not shown) suggests that the site I is not a
ghost. The insets envelop the octahedral Al region.
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Fig. 3. /Al signal sensitivity of inorganic materials
with different C, as a function of the magnetic field.
The two coal plots are from the same sample with
distinct Cg sites. The plots are normalized to the
experimental conditions (scans, recycle delay, MAS
speed, rotor volume, and broadening factor) for
individual sample and to be unified at 7.4 T.
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