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High-Pressure Synthesis of Novel Hydride for Superconducting Materials

Kamegawa, Atsunori
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The purpose of this study is investigation of novel hydride for
superconducting materials by using high-pressure synthesis. Novel hydride with Pd-50 mol% LiH was
synthesized at 5GPa 873K with high pressure hydrogen source. The hydride has a tetragonal crystal
structure (space group 141/amd (No. 141) Prototype LiFe0O2-type) with a lattice parameter a = 0.
39299(2) nm, c = 0.86364(5) nm. The hydride shows superconducting phenomena and transition
temperature, Tc shows 4K.



Mg Li
32 10

CaNiHss
Trans., 42 (2001) 443]

Ni Pd

CaPdHs-s
1000 K

Pd-H

Te

SrPdHs

[JALCOM, 253-254 (1997) 330.]

3-0

GPa

[Mater.

( ) GPa

GPa

MPa

MgNi2 GPa

[A. Kamegawa et al.
Renewable Energy,33 (2008) 113201]

T — 5

~

LT 3 v b, 1 (eViHo)

400 — H =1

w

300 - =

~n

200 — g il

100 [~ i /T

\\
N

FITAOEHIRILF—, G (kdimol Ho)

500K
-100[— g — -1
1000K 1GPa:
2001 . . . i : I
1wl 1 10 102 103 104 105
EH, P(MPa)

KAO7 1474 K

Motk — |
Naczlb — ||
st —— LI
BN, Mo, Cu /? =
gl e I
vopr
NaCl
1000 K
Te 100 K
Te 100 K
GPa



ABH3-5
3-0
3 GPa
PdH,
PdH
ABH, (A=
B= )
Li
Pd-RE-H (RE=Y, La)
Pd-Y-H Pd-x mol%YH, (x = 25-75)
5GPa 873-1273K
8 h XRD

(
R-3c (No. 167) a
0.7957(1) nm, c¢ = 0.8540(1) nm)

Pd-25 mol%YH,

0.45 mass%
Pd : Y=6:1
YPdgH, g3
351 K
461 K
YPd,
Pd-La-H Pd-25 mol%LaH,
5GPa 873 K 8h
XRD
( Fa-3m (No.
227) Prototype MgCu,-type a-=
0.75255(9) nm)
LaPd,H,
394 K
Pd-x mol%LaH, (x
=25-75) 5GPa 873
K 8h XRD
( R-3c (No. 167) a-=
0.8246(5) nm, ¢ = 0.8699(3) nm)
LaPd,H,
426 K

Pd-x mol%LaH; (x = 33-75)
5GPa 873K 8h
XRD
( P-42,c (No. 114)
a = 0.3828(1) nm, ¢ = 0.8012(2)
nm)
LaPdH,
508 K 611 K
La

Pd-RE
(RE = Eu, Yb)

Pd-AE-H
Pd-Mg-H

(AE = Mg, Ba)
Pd-55 mol%MgH,
5 GPa 1073 K 2 h
XRD
(
PA/mmm (No. 123) Prototype AuCu-type
a=0.32101(1) nm, ¢ =0.30386(2)

nm)
Pd-55 mol%MgH, 207 ppm
Pd :Mg=9:11
Mg:.1Pdy
1273 K
Pd-Ba-H Pd-x mol%BaH, (x =
33-75) 5GPa 873K
8 h XRD
(

PA/mmm (No. 123) Prototype AuCu-type
a=0.39972(2) nm, ¢ =0.41925(2)
nm)
Pd-50
mol%BaH, 383 K 505 K 580 K
0.58 mass%
BaPdH, ,
Pd-Ba-H

Pd-Ca-H Pd-Sr-H

Pd-Ca-H
Pd-Sr-H

Pd-AM-H (AM=Li, Na,

K)
Pd-Li-H Pd-25 mol%LiH

5GPa 873K 8h

XRD



( Fm-3m (No.
225) Prototype NaCl-type a-=
0.384366(3) nm)
(Pdg_gerL 19 335)H,
Pd-40 mol%LiH
5GPa 873 K 8h

XRD
( Fm-3m (No. 225)
Prototype Ca,Ge-type a =
0.78946(2) nm)
352 K
547 K
0.44 mass%
(Pdo.ssel0.314) 7L TH; 34 Pd-50
mol%LiH 5 GPa 873
K 8h XRD
(
14,/amd  (No. 141) Prototype

LiFe0,-type
= 0.86364(5) nm)

a=0.39299(2) nm, ¢

Rietveld
390 K 445 K 541 K
1.04 mass%
LiPdH, ;4
Pd-50 mol%LiH
5 GPa 873 K 8 h
4 K
Pd-67 mol%LiH 5 GPa
873 K 8nh XRD
( Ima2 (No. 46) a

0.39980(1) nm, b = 0.88400(1) nm, ¢
0.37803(1) nm)

381 K 431K
560 K
0.90 mass¥%
LiPdH, 4,
éa ! pd-50 molLitl " H= 30e
2 5GPa,873K,8h
z with hydrogen source
£ ZFC FC
N 4K N
§) 1o 5 10 15 20 25 30
Temperature, 7/ K
5GPa, 873K Pd-50
mol%LiH
Pd-Na-H Pd-x mol%NaH (x = 25,
75) 5 GPa 873 K
2 h XRD

(
Fm-3m (No. 225) Prototype NaCl-type

a = 0.407919(5) nm)

Pd-25 mol%NaH
Pd : Na =82.5 : 17.5

(Pdy._gasNag_175)Hy

Pd-75 mol%NaH
5GPa 873 K 2h
XRD
( P mc (No.
186) a = 0.5601(3) nm, ¢ =
1.0085(5) nm) NaPd,H,
Pd-Li-H  Pd-Na-H Pd
( Fm-3m (No. 225)
Prototype NaCl-type) Pd

Pd-Li-H
Li
4 K

NaPd,H,

Kataoka Riki Kimura Toru Takeichi
Nobuhiko Kamegawa Atsunori:
Stabilization of Face-Centered Cubic
High-Pressure Phase of REH, (RE=Y, Gd,
Dy) at Ambient Pressure by Alkali or
Alkaline-Earth Substitution,
Inorganic Chemistry, , 57
(2018), 4686-4692.
DOI: 10.1021/acs. inorgchem.8b00409
Jha Alok K. Matsumoto Kaname Horide
Tomoya Saini Shrikant Mele Paolo
Ichinose Ataru  Yoshida Yutaka Awaji
Satoshi: Isotropic enhancement in the
critical current density of YBCO thin
films incorporating nanoscale Y,BaCuO;
inclusions, Journal of Applied Physics,
,1222 (2017), 093905.
DOI: 10.1063/1.5001273
Darwish Abdalla M. Moore Shaelynn
Dorlus Wydglif Bastian Tyler Sarkisov
Sergey S. Mele Paolo Saini Shrikant
Koplitz Brent Zhang Xiaodong:
Inorganic nanocomposite films with
polymer nanofillers made by the
concurrent multi-beam multi-target




pulsed laser deposition, Advances in
Materials and Innovations in Device
Applications, , X1 10382 (2017)
1038202.
DOI: 10.1117/12.2273400
Abdalla M. Darwish, , Shaelynn Moore,
Aziz Mohammad, Deonte® Alexander,
Tyler Bastian, Wydglif Dorlus, Sergey
Sarkisov, Darayas Patel, Paolo Mele,
Brent Koplitz, David Hui: Polymer
nano-composite films with inorganic
upconversion phosphor and electro-
optic additives made by concurrent
triple-beam matrix assisted and direct
pulsed laser deposition, Composites B,
, 109 (2017), 82-88.
DOl :
10.1016/j .compositesb.2016.10.053
Miura Masashi Maiorov Boris Sato
Michio Kanai Motoki Kato Takeharu
Kato Tomohiro  lzumi Teruo Awaji
Satoshi Mele Paolo Kiuchi Masaru
Matsushita Teruo: Tuning nanoparticle
size for enhanced functionality in
perovskite thin films deposited by
metal organic deposition, NPG Asia
Materials, , 9 (2017), ed4r.
DOI: 10.1038/am.2017.197
Yoshida Yoshiaki Mawatari Yasuteru
Sasaki Takahiro Hiraoki Toshifumi
Wagner Manfred Millen Klaus Tabata
Masayoshi : Strictly  Alternating
Sequences When Copolymerizing Racemic
and Chiral Acetylene Monomers with an

Organo -Rhodium Catalyst,
Macromolecules, , 50 (2017),
291-1301.

Mele, Paolo; Adam, Malik 1.; Suzuki,
Takashi; Yoshida, VYutaka; Awaji,
Satoshi; Ichinose, Ataru; Saini,
Shrikant; Jha, Alok K.; Matsumoto,
Kaname: Effect of Simultaneous
Addition of 1D and 3D Artificial
Pinning Centers in Hybrid YBa2Cu307-x
Multilayers, Science of Advanced
Materials, ) 9 (2017)
1042-1050.

DOI: 10.1166/sam.2017.2848

P. Mele, S. Saini;, A. Tiwari, P. E.
Hopkins, K. Miyazaki, A. Ichinose, J.
Niemel, and M. Karppinen:
Thermoelectric and Structural
Characterization of Al-Doped Zn0/Y203
Multilayers, Journal of Nanoscience
and Nanotechnology, , 17 (2017)
1616-1620.

DOI: 10.1166/jnn.2017.13717
Atsunori_Kamegawa, Ryoichi Namba,
Masuo Okada: Effects of Additional
Elements on Hydrogen Storage

Properties for Vanadium Alloys,
Materials Science Forum, , 879,
(2016) 885-890

DOI: 10.4028/ MSF.879.885

Itsuki Matsushita, Atsunori Kamegawa,

Satoshi Sugimoto: High-Pressure
Synthesis of New Magnetic Compound in
Mn-Li-N Systenm, MATERIALS
TRANSACTIONS, , 57 (2016),
1832-1836.

DOI: 10.2320/matertrans.M2016096
Takeya Mezaki, Yota Kuronuma, ltaru
Oikawa, Atsunori Kamegawa, and Hitoshi
Takamura: Li-lon Conductivity and
Phase Stability of Ca-Doped LiBH4
under High Pressure, Inorganic
Chemistry, , 55 (2016)
10484-10489.
DOl: 10.1021/acs.inorgchem.6b01678
Paolo Mele, Shiv J Singh, Shrikant
Saini, Alok K Jha, Malik 1 Adam:
Nanostructured Oxide Thin Films for
Sustainable Development, Procedia
Engineering, , 171 (2017)
201-206.
DOI: 10.1016/j.proeng.2017.01.327
I Ivan, A M lonescu, D Miu,_P Mele and
L Miu: Vortex activation energy in the
AC magnetic response of
superconducting YBa,Cuy0, thin films
with complex pinning structures,
Superconductor Science and Technology,
, 29 (2016), 095013-1-4.

Yasuteru Mawatari, Masatoshi Tabata,
Atsunori Kamegawa Molecular design,
synthesis, and characterization of
substituted helical polyacetylenes
toward color-tunable material,
Frontiers in Materials Processing
Applications, Research and Technology,

FiMPART2017, , 2017,
Burapornpong Siree
: MgNi
Mg1.5 Pd;_s ;
2017 , 2017,

P. Mele, S. Saini, M. I. Adam, T. Endo:
Nanostructured ZnO thin films for
thermoelectric harvesting ICCE-25,
2017 , Roma, Italy

Paolo Mele: Development of
nanostructured thermoelectric oxide
thin films, , workshop on
advanced materials and principles to
develop viable thermoelectrics and
effective thermal management, 2017 ,



o

@

Paolo Mele: Fabrication and testing of
compact thermoelectric module based on
Zn0 and Ca3Co409 thin film legs, GiTe
2018 S.M. Ligure., 2017 , ltaly

7 (
), 2016
, 19
( ).
2016
Atsunori  Kamegawa Effects of

Additional Elements on Hydrogen
Storage Properties of Vanadium Alloys,
THERMEC 2016( ), 2016

P. Mele, S. J. Singh, A. Kamegawa, Y.
Mawatari, M. Miryala, S. Saini, X.
Obradors, A. K. Jha, K. Matsumoto, A.
Ichinose, M. 1. Adam: Nanoengineering
approach to extend the applicability
limits of REBa2Cu30x (RE = Y and
lanthanides) superconducting thin
films, Rare earths international
conference 2016, Sappro

Shiv Jee Singh, Paolo Mele, Miryala
Muralidhar: Optimization of Thin Film
Growth of Doped NEG-123 Superconductor,

2016

Al-V ,
, 2015

, 2016

KAMEGAWA, Atsunori

90292242

MELE, Paolo
70608504
MAWATARI, Yasuteru

40422000



