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Materials & Thermochemistry Group at

Dalian Institute of Chemical Physics (DICP), China
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Materials and Thermochemistry Laboratory, Dalian National Laboratory for Clean Energy, Dalian Institute of Chemical Physics

Dalian Institute of Chemical Physics (DICP), Chinese Acade-
my of Sciences (CAS), “Materials & Thermochemistry” group is
headed by Prof. Dr. Li-Xian Sun, devoting to development of new
energy materials, with the emphasis on the thermodynamic and
kinetics in order to understand the chemistry nature of materials.

Group leader, Prof. Dr. Li-Xian Sun, received his Ph. D degree
from Hunan University in 1994. He did postdoctoral research
supported by Alexander von Humboldt fellowship at Jena
University in Germany from 1994-1996. He worked 6-years as
Guest researcher and Guest professor at AIST supported by
NEDO, STA fellowship in Japan. Since 2001, he became a full
professor in DICP. In 2009, he was elected as the director of the
Key Laboratory of Energy Materials & Thermochemistry,
Liaoning Province. He received many awards, such as the
“Hundred Talents program” from the Chinese Academy of
Sciences and other awards from Liaoning Province etc.. He serves
as editorial board for The Journal of Chemical Thermodynamics,
Journal of Thermal Analysis & Calorimetry, International Journal
of Electrochemical Science, etc.. He also acts as referee for Journal
of Physical Chemistry, Biosensors & Bioelectronics, International
Journal of Hydrogen Energy, etc. There are 1 professor, 1
associate professor, 2 lecturers, 2 technicians, 2 senior visitors, 2
postdoctors and more than 20 master degree & PhD candidate
students in his group.

Our efforts focus on the preparation, characterization and
performance evaluation of energy materials because we recog-
nize that the materials play a very important role in energy
strategy. By following this strategy, our research interests
include hydrogen generation materials, hydrogen storage
materials, gas storage and separation materials, phase change
materials, bio/chemical sensors, biofuel cells and so on.

Prof. Dr. Li-Xian SUN

1. Hydrogen generation materials

Utilizing hydrolysis reaction of metal-based-material generates
hydrogen. Various kinds of alkali metals and complex hydrides
were added to improve the kinetics and yield of Al based
materials at room temperature’. The additives resulted in an
excellent performance of the composites. The optimized Al based
alloy demonstrated a high initial hydrogen generation rate and
could release all the theoretic hydrogen within 1 minute.

Fuel system

‘ <« Hydrogen gas

<— I01BM\

Micro pump

Reactor

Water tank

Fig. 1 Schematic diagrams of the hydrogen generator and fuel system.

2. Hydrogen storage materials

Hydrogen storage is the most critical issue for the application
of hydrogen energy. Our work starts from Mg-based metal
hydrides. In recent years, another class of light-weight storage
materials, complex hydrides, attracts our attention. We utilized
catalyst and nano-confinement effect to lower the dehydrogena-
tion temperature and to improve the Kkinetics of complex




hydrides?. The thermodynamic parameters and kinetic process
of complex hydrides was calculated and investigated for
designing new complex hydrides.

Fig.2 Interaction between NH:BH. and MIL-101 (Cr®*: light-purple; O :
red; C:gray; N:blue; B:pink; H: white)
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Fig. 3 Hydrogen release from 50%AB/MIL-101 and neat AB
3. Gas storage and separation materials

Metal-organic frameworks (MOFs) have the potential to be
applied in gas storage and separation, catalysis and chemical
sensor due to their ordered structures, large surface area, tunable
pore size and chemical functionality. This research was started
on 2001 for hydrogen storage. MOF's with functional groups have

Fig.4 (a) The brick {Als(OH),
(OCHy3)gli2* is formed by corner-
and edge-sharing  AlQs
octahedra. (b) Packing diagram
viewed along the c-axis in CAU-
1.

Al :pink; O :red; C: gray
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Fig.5 Adsorption isotherms for CO. (black circles), N, (blue circles) and
CH, (red circles) at 273 K (Solid and open markers represent adsorption
and desorption, respectively)

been greatly developed by our group. We can synthesize diverse
topology frameworks according to the different purposes. The
quantum chemical methods and molecular dynamics are adopted
for the exploration of hydrogen adsorption and desorption
mechanism in the MOFs structure. Recently, we designed amine-
decorated MOFs for adsorption selectivity of CO» to CH4 or N at
ambient temperature and pressure. To our knowledge, this
selectivity value is the best reported to date for MOF materials.
The innovation result was published on Energy & Environmental
Science?.

4. Phase change materials (PCMs) for solar thermal-
energy storage

A series of microencapsulated PCMs (Micro-PCMs) with good
phase change behavior were synthesized through in-situ
polymerization. The obtained Micro-PCMs has been applied in
thermal regulatory of gypsum boards, which shows a good
potential for thermal energy storage purpose of building
materials®.

Fig.6 SEM images of the gypsum boards with 60 wt.% Micro-PCMs

Until now, more than 230 SCI papers were published on
international or domestic journals. Our excellent work was
supported by the National High-tech R & D Program (863
program), National Basic Research Program of China (973
program), National Natural Science Foundations of China and
TUPAC. We have good collaboration with foreign universities or
institutes from Japan, France, Germany, USA, UK, etc.. Visiting to
our group is always welcome !
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Fig.7 Temperature curves of heating and cooling of pure gypsum board and
the gypsum board with 60 wt.% Micro-PCMs
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Frontier of Nano-Materials Based on Advanced Plasma

Technologies O&TBES CGRALK) Yobk Bk (EEK)

B A4y —2%FHLZEHNME Innovative Material
Technologies Utilizing Ion Beams O3 EI] (ML T 348;
ity s —) SWE & WA

C /MEFEE TR 2 LM O > 2 HEE & 2 o ik
Nanostructure of Functional Materials and its Analysis Method
Scattering Observed by Small-Angle O#IIEW (UK F
) S KIEIEN (Wb HEes)

D* MAtW B L WA >+ 2 HEM B O &K - 574l & e H
Syntheses, Characterizations and Applications of Oxide
Nanocomposites Materials O BEMAIGA (SIRTK) Ot i
KA (ZFKR) Seml8m (FER)

E FXA UEEICHRT 2WEREB L EEME Domain
structure related ferroic properties and new functional
materials O7kH B (GHHR) LTSI RERK)

F =R VR A EAI A OF#Edm  Innovation in Fabri-

cating a Functional/Complex Carbon Series Materials O3
F (GHETER) YkBEAR (GERND
G a2 Ut % K BRICIEH L 72 B %6 Develop-

ment of Alternative Materials for Replacing with Maximum
Use of Nanotechnology and its Properties O W (T
K)

H GEREYI2L—Ya VICX BB TR 7 G o]
FrHARAI 2 B8 L C  Computational approaches to study-
ing lattice defects and nanostructures : toward novel materials
development OFHFRILA (KPK)

I V7 FT7) T V-HEEGFRR) -0y 70

7 4 7 - Soft materials—The frontiers that bio-supramolecues
and polymers open up- OKXKE F (FEHEKR) SehiEsh
(FHEER)

] MEREICBITSIEHIEL 4+ 9P —  Nondlinear rheology in
material science OMHEE (EEX)

K HUOHML R E Z0kREXT  Self-Assembled Materials and
Their Functions XI OMEEREY GEHEK) S FIE 3 CGER

x A
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x)

L Yo g - G700 - o -5 B R e s, o T,
B L ORI 2 O L T- Fabrication, characterization
and application of molecular thin films-structural analysis and

control toward the realization of novel functions- Qi Fhx—
(GERHE) YeRE & CGREEER)
M F 7 AT — VHEEARD B Bl -HE & - B8RE - 8- Recent

Progress in Nano-structured Materials-Structure, Function
and Applications- QA 7] (HHHEKX)

N NAF<AFHORILED S Advances in the Application
of Biomass OFRM#F#EL (FHRETERAGMEL Y ¥ —) Yoh
NAE (ERE BIIR A KA ER)

O AAFx¥—7v 2 Nature Tech OIHEIEH FE KLU
Bt v 5 —)

P BN AL AL v F—T 24 ADFEN. Frontier of Biointer-
faces ORW=I (EKR) So=tBIL GERR)

Q* B+ /NAF+F 2 aY— Nano-biotechnologies on In-
terfaces O ()

R HOLAENTTHME-BRE - =3 V¥ — - B~ Materi-
als for Living-Environment * Energy + Medicine- O 11 HI

AGUIETR) S SREE (k)

S REFEMAME., T4 2, ROV AT ABEOHER
New trend of a development of fuel cell materials, devices and
its systems OFF FlZz (W)

T* ZANVF—F¥ - 795747 Energy Materials Frontier
OfEzZE— (W) Yol BHEER)

U B LWkt - SRGEAMT-34 K & B~ D@ H  New Analyti-
cal and Assessment Methods in Material and Environmental
Technologies OVWARLG T (FZIIK) Sedbliid (R

V FUT7IWVX 78547 Materials Frontier OfJtigZ
B (R 2 RER)

MIUMRS BEESE

International Conference in Asia (IUMRS-ICA) 2011

Ff# MRS-T. H#t MRS] (ZA

HEE - 35 2011 4E 9 H 19~22 H. fdeti Taipei World Trade

Center

Nangang Exhibition Hall (TWTC Nangang)

(I)Energy and Green Materials Principle

Al. Inorganic Solar Cells/AZ2. Organic Solar Cells/A3. Materials

for Energy Storage/Supercapacitor/A4. Fuel Cells/A5. Photo

Catalytic Materials and Applications on Energy and Environ-

ment/A6. Eco-materials and Technology on Climate Change

(Greenhouse Gas Adsorbing Materials)/A7. Materials for

Nuclear Power Applications

(1) Biological Materials

Bl. Bio-medical Materials (Materials Science in Regenerative

Medicine) / B2. Biocompatible and Biodegradable Materials/B3.

Nanotechnology for Bio/Medical Materials/B4. Biosensors and

Bio-imaging/Bb5. Bio-mimetic Materials/B6. Materials for Implant

(1) Materials Modeling, Simulation, and Characterization

(IV) Advanced Structural Materials

D1. Light Metals (Magnesium, Aluminum, Titanium)/D2. Bulk

Metallic Glasses and High-entropy Alloys/D3. Advanced Tech-

nology for Steels and Other Metals/D4. Composite Materials/D5.

Coating and Surface Protection

(V)Electronic, Optoelectronic, and Photonic Materials Principal

El. Oxide/nitride for electronic applications/E2. Ferroelectric,

Piezoelectric, and Dielectric Materials/E3. Optoelectronic/Pho-

tonic Related Materials/E4. Organic, Molecular, and Flexible

Electronics/E5. Compound Semiconductor Materials/E6. Materi-

als for Si/Ge Based Electronics/E7. Materials for Emerging

Packaging and Interconnect Technologies

(VI)Novel Functional Materials

F1. Advanced Magnetic and Superconducting Materials/F2.

Smart Materials/F3. Carbon-based Materials (CNT, Graphene,
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Diamond) /F4. Emerging Processing Technology-ALD/F5. Mate-
rial Technology for Integrated Passive/active Components/F6.
Structures and Functionalities of Colloids, Supramolecules and
Soft Matter with Complexity

JHESE © www.mse.nthu.edu.tw/~IUMRS-ICA2011/index.html

WH BN
Transactions of the MRS-] ®#FFI2SIMKE N F L7 TITEN

WwW7zLEg.

Transactions of the MRS-], vol. 36, No. 2, 2011 (36 #)

Session A (IUMRS-ICA 2008) Reactivity of Solids, 1

Session B (IUMRSICA 2008) Development of Oxide
Nanocomposites-Bulk, Thin Films, and Nanostructures, 1

Session HH (IUMRS-ICA 2008) Synthesis of Nano Porous
Ceramics for Thermal Insulation/Barrier Technology, 1

Session D (2010) Recent Progress in Nanostructured Materials-
Structure, Function and Applications, 3

International Conference on Electronic Materials (IUMRS-
ICEM) 2012

H B - 351 September 24 (Mon)-28 (Fri), 2012, Pacifico Yoko-
hama, Yokohama, Japan

http://iumrs-icem2012.org/

Session E (2010), Syntheses, Characterizations and Applications
of Oxide Nanocomposites Materials, 5

Session F (2010) Development of Alternative Materials for
Replacing with Maximum Use of Nanotechnology and its
Properties, 7

Session G (2010) Domain Structure Related Ferroic Properties
and New Functional Materials, 1

Session H (2010) Fabrication, Characterization and Application
of Molecular Thin Films-Structure Analysis and Control
toward the Realization of Novel Functions, 9

Session XX (—##xfi) (2010), 1

To the Overseas Members of MRS-]

B Future Development of Superconductivity =«--«=----weeeeee p. 1
Dr. Hiroshi MAEDA, Distinguished Emeritus Researcher of
National Institute for Materials Science

We will celebrate the centennial anniversary of the discovery
of superconductivity. At present the superconductivity is deeply
related with our social infrastructure and everyday life. The high
temperature superconducting cuprates of Bi»Sr:Ca:Cu3;O10 and
YBa;Cus;O; are now employed on many types of application
prototypes such as high-field magnets, ship propulsion motors
and power cables along with popularization of high performance
long tapes. Further developments of superconductivity will
promote the conversion of the present electric power systems
depending on mainly the nuclear-power plants to the ecological
ones based on the natural energy such as solar cell, wind power
etc. The world-wide superconducting power cable networks with
no transmission power-loss will be constructed in case a room

temperature superconductor will be discovered.

Wl Spintronics Research Center, AIST «-exrerreerreeeen. p.2

Dr. Shingi YUASA, AIST

Mintroduction of Materials and Thermochemistry Group at
Dalian Institute of Chemical Physics --«--reoreereereeereeenes p.4

Prof. Dr. Li-Xian SUN, Materials and Thermochemistry Labora-

tory, Dalian National Laboratory for Clean Energy, Dalian

Institute of Chemical Physics

W Prof. Dr. Shigeyuki SOMIYA Received the Fellow Membership
from the MRS at the 2011 Spring Meeting -+« +-eeoeeeeeee p.6
Prpf. Somiya received the Fellow Membership from the MRS

for contributions to the advancement of materials research,

through research in fine-powder synthesis and hydrothermal

processing, and through service as the architect of Japan - U.S.

collaborations.
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