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Fabrication and characterization of the core-shell type Pd/Mg nanoparticles for the
hydrogen storage application
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We have attempted the fabrication of the core-shell type nanoparticle composed of
Mg core and Pd shell (Pd/Mg NPs) for the hydrogen storage application. The gas evaporation method using
He gas was adopted to fabricate the Pd/Mg NPs. The evaporated Mg atoms were condensed into the Mg NPs in
the He gas atmosphere. After that, the surface of the Mg NPs was decorated with Pd. As a result,
unfortunately, we have not been able to establish the covering the Mg NPs with Pd shell. The Pd atoms
have formed the Pd NPs on the surface of the Mg NPs.
We have investigated the hydrogen storage property of this composite material of the Mg and Pd NPs. The
almost 90% of the Mg atoms in this material have been hydrogenated at the room temperature. The analyses

of the chemical state using X-ray have revealed that the interfacial Mg-Pd alloy is formed between Mg and
Pd nanoparticles.

XPS  NEXAFS




Mg MgH;
7.6 wt%
M gHZ
Mg
Pd
Mg
b
MgH,
Pd Mg
Pd/Mg
Pd/Mg
Mg
Pd
Mg
Mg
H-O
O:2
Pd

Pd/Mg

Mg

300 °C

Pd

Pd

Pd

H2

1 azss
QCM
EoP—Ay F M
S
H iR +/8F
QG BEE=E
susE : 1
o144 Vo F -
R 9 PAdEMRHE
=>
| BES
susE . 1
d1/84 > F
+/8F
ERE
P 1,;
Moks® | |
T HeA X
Pd/Mg
Mg Pd
Mg
Mg-Pd
Pd/Mg Pd
Mg
Mg-Pd
2)
X
XPS  PdL, X
Pd L;-edge NEXAFS
X

Li
3)

Mg



Pd/Mg
99.99% Pd/Mg
XPS
Pd/Mg
4 : Si XPS
P&/Mg TEM Pd/Mg
Mg Ka X 1253.6 eV
Phoibos-100 SPECS GmbH
XPS
Pd L;-edges NEXAFS SR
BL-10
X
Ge(111) X
Pd
He
99.99995% Mg 3174.5 eV NEXAFS
Mg X
TEM Pd/Mg
20 nm
Pd Mg Mg 2~3 nm Pd
Pd Mg
Pd 1 Pd
2 Pd Pd
SUS Pd He
Pd
Pd Pd Pd Mg
Pd
Pd Volmer-Weber
XPS Mg
Si XAFS Pd
Pd
QCM Pd
QCM Pd/Mg Pd
Y QCM




'l()3 T T T T E
T F 1
2 o b PCI of Pd/Mg NPs ]
E‘ at 303 K by
10° F 3
ng 107" .___———-/‘ 1
= 3
2 10_2 r:/ é
g / ]
&~ 10 e E
10.4 Il " 1 " 1 " 1 ]
0 1 2 3
Hydrogen storage capacity [wt%o]
Pd/Mg 303K P-C
QCM Pd/Mg
Pd/Mg
0.01~1 Torr
Mg
Mg 2.8 wt%
QCM Mg Pd
Mg/Pd  0.70
Mg 89 %
Pd Mg
Mg
Mg
Mg
R e e e
Mg2p + Pd4p XPS
= J
= T Pd/Mg NPs
< — Pd4p of
N S Pd sheet
2
g7
2 =7
E [ rxsrn? .
P IPECE AT A S AT A S TR A A S AT TS A AP A Ay

Binding Energy [eV]
Pd/Mg Mg2p
XPS Pd Pd4p

Mg Pd

75%
Pd/Mg Mg2p XPS
Mg Pd
XPS Mg2p
Pd4p 45~60 eV
Mg2p
Pd Pd4p
Pd4p
Pd/Mg Pd
Pd3d
51 eV
M g2+
Mg Mg’
Mg
Pd
Mg
Pd
XPS
Pd/Mg Pd L;-edge NEXAFS
Pd
Pd
L;-edge NEXAFS
% Pd/Mg
Pd pd°
Mg
Pd 0
Mg



AR LA AR LA LS LA

&

g

&

2

5
E Pd L,-edge NEXAFS_
Pd/MgNPs
—— Pd sheet
AERIARERI SRR RRRRARRRRARERRI RRRREANN T
3160 3170 3180 3190 3200
Photon Energy [eV]
Pd/Mg Pd L;-edge
NEXAFS

1) 56 882 (2005).

2) K. Yoshimura, Y. Yamada, M. Okada, Surf.
Sci. 566-568, 751 (2004).

3) Ki-Joon Jeon, H.R. Moon, A.M. Ruminski,
B. Jiang, C. Kisielowski, R. Bardhan and J.J.
Urban, Nature Materials 10, 286 (2011).

4) L. Kulchytskyy, M. G. Kocanda, and T. Xu,
Appl. Phys. Lett. 91, 113507 (2007).

5) Z.Liu, K. Handa, K. Kaibuchi, Y. Tanaka, J.

Kawai, Spectrochim. Acta 59B, 901 (2004).

Satoshi Ogawa, Hiroyuki Suzuki, Chie
Tsukada, Tomoko Yoshida and Shinya Yagi,

eJ Surf. Sci. Nanotech., , 14, pp.
150-153 (2016).

27 SR

2015 6
13
18 XAFS

2015 7  29-31
Satoshi  Ogawa, Chie Tsukada,
Masahiro Ogawa, Toshiaki Ohta,

Tomoko Yoshida, Shinya Yagi, 10th
International Symposium on Atomic

Level Characterizations for New
Materials and Devices ‘15 (ALC ‘15),
Kunibiki Messe, Matsue, Shimane,
Japan, October 25 - 30, 2015.

Satoshi Ogawa, Hiroyuki Suzuki, Chie
Tsukada, Tomoko Yoshida and Shinya
Yagi, International Symposium on
EcoTopia Science ’15 (ISETS ‘15),
Nagoya University, Nagoya, Aichi,
Japan, November 27 - 29, 2015.

29

2016 1 911

@
OGAWA, Satoshi

70739101



