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10:00-10:10 [Opening Remarks / FHRIRE]

Prof. Sukekatsu Ushioda (President, National Institute for Materials Science, Japan)
WIH B (e - AR B )
Ministry of Education, Culture, Sports, Science and Technology/ ik F}¥:44

10:10-10:40 [Special Lecture / $5RIE:E]

Pichet Durongkaveroj (Minister, Ministry of Science and Technology, Thailand / % A - IRl K i)
“Thailand S&T in Transition”
[5 1B DRIZHRIMIBER]

10:40-11:15 [Plenary Lecture 1 / ESFEE 1]

Satoshi Kawata (Osaka University, Japan)

W kb

“Plasmonics: Manipulating Nano with Light”
[TSXEZIR 1 HTFH/ZRDBZ]

11:15-11:50 [Session 1]

Computer-driven Materials Design / JY E 1—9 81§85

11:15-  Gerbrand Ceder (Massachusetts Institute of Technology, U.S.A)
‘Accelerating Materials Discovery through the Materials Genome Project’
[RTUZIET ) LICKBMEA R—2 3 VOHE]

11:50 - 12:50 Lunch / BB

12:50-14:30 [Session 2]
Activities of Nanotechnology Platform / /50 ./09—=75v b7 #—LiEEEE

12:50 - Research Topics of Nanotechnology Platform
Tk 25 FEF T 6 KR

13:50 -  Award Ceremony / REZTX
Research Achievements and others

Tt 25 EEFH IR 6 AR

14:00 - 14:30  Poster Presentation /Activities of Nanotechnology Platform
MRRY—FK"F/570./09—-T5v bT #—LOREREROFIABER



14:15 - 14:30 Break / {A&8

14:30-15:20 [Session 3]
Progress of Advanced Measurement and Analysis / 5Eifstal - SREHTOER

14:30 -  Nobuo Tanaka (Nagoya University, Japan)
B 53R dlis A
“Development of an Environmental High-Voltage Electron Microscope and
its Application to Nano and Bio-Materials”
[RIGEIZFBEEEFEMBEORFEET /. I\A THENDIGH]

14:55 - Yoshinori Nishino (Hokkaido University, Japan)
PARF I Gtk
“Live Cell Nano-Imaging Free from Radiation Damage by Using X-Ray Free-Electron Laser’
[XH#REBAEF L —Y—([C K DBRIHRBEOEWVERIRS /A X—J T ]
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HERS & (25 Bt st
“Materials Breakthrough for Innovative Mobility Society”

[MRERMDEI DI EMN T IR
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FUF FIE (i - boRmrs b
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[HBATREZE DO DIV BB ERKABBM RO

16:20 -  Hiroyuki Kishimoto (Sumitomo Rubber Industries, Ltd., Japan)
FRAS T8 (B = 2 T3k St
“Research of Fuel-Efficiency Tire Rubber Material with Synchrotron Radiation and Computer Simulation”
[ V22— 3V z=EERAUERES 1 V]

16:45 - Makoto Endo (Toray Industries, Inc., Japan)
HIE B o setaih
“Carbon Fiber Composites, Developments and Applications”

[RFRMHEESMHIORRE S ARER]

17:10-17:15 [Closing Remarks / FRIRES]

Dr. Tetsuji Noda (Chairperson of the Organizing Committee of JAPAN NANO 2015 / Director, Center for Nanotechnology Platform, National Institute for
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Thailand S&T in Transition
Pichet Durongkaveroj

Minister, Ministry of Science and Technology, Thailand



Dr. Pichet Durongkaveroj

Minister, Ministry of Science and Technology, Thailand

Dr. Pichet Durongkaveroj is Thailand Minister of Science and Technology. Before his appointment as the
Minister, Dr. Durongkaveroj has long history of work in the field of public policy. He played a crucial role
in the design of many national and international policies including ICT, e-commerce, higher education,
science and technology, and most recently innovation. His recent work in the area of science, technology
and innovation (STI) includes the drafting of Thailand’s national STI policy, research and development
investment policy, climate change mitigation and adaptation, inclusive innovation and the internalization
of STI.

Alumni of the Wharton School, University of Pennsylvania in Public Policy and Management, Dr.
Durongkaveroj was the first secretary-general or director-general of the National Science, Technology and
Innovation Policy Office, Knowledge Network Institute of Thailand, Information Technology Committee

Secretariat, and e-Commerce Resource Center. He chaired the e-ASEAN Working Group for two years.

Field of Experience:
Public Policy, Science Technology and Innovation Policy, Education Policy, Information and
Communications Technology Policy

Education :
« Ph.D. (Public Policy and Management), the Wharton School, University of Pennsylvania, USA
* M. Eng. Sc. (Applied Solar Energy), Trinity University, USA
» B.E. (Electrical Engineering), University of New South Wales, Australia

Past Positions:
» Secretary General, National Science, Technology and Innovation Policy Office, Ministry of Science

and Technology

Executive Director, Knowledge Network Institute of Thailand

Director, Policy Innovation Center, King Mongkut’ s University of Technology Thonburi
+ Chairman, e-ASEAN Working Group
Director, National Information Technology Committee Secretariat
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“Plasmonics: Manipulating Nano with Light”
[TSXEZIR I KTFH/ZRDBZE]
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Plasmonics: Manipulating Nano with Light
Satoshi Kawata

Osaka University, Japan



Dr. Satoshi Kawata

Osaka University, Japan

<CV>

Satoshi Kawata received his BSc, Msc, and PhD all in Applied Physics in 1974, 76, and 79,
respectively from Osaka University. After the experience of postdoctral fellow of JSPS, he
spent two years in University of California, at Irvine as a Research Associate. He joined in
Osaka University as a faculty member in 1981 and was promoted to a Professor of Applied
Physics in 1993. He joined RIKEN as a Chief Scientist from 2002 to 2012. Professor
Kawata is now the Distinguished Professor of Departments of Applied Physics and Frontier
Bioscience at Osaka University, and a Fellow of OSA, IOP, SPIE, and JSAP. He is currently
the President of JSAP (Japan Society of Applied Physics), and has served as General Chair of
SPIE Nano Science and Engineering.

He is one of the pioneers in near field optics (the inventor of tip-enhanced near-field
microscopy), three-dimensional microscopy (laser CT microscopy, 3D data storage),
plasmoics (SPR sensors, plasmon holography, plasmon laser, plasmonic microscopy), two-
photon engineering (two-photon polymerization, two-photon isomerization, two-photon
photorefraction, two-photon SPP, etc), bio-imaging, and signal recovery.

He has authored/edited more than 30 books and published more than 380 papers with h-index
54, and was awarded the Medal with Purple Ribbon from the Emperor of Japan, Japan IBM
Science Award, LVMH da Vinci Excellence, Shimadzu Award, and many others. The “8-micron
bull” fabricated with his invented two-photon technology has been awarded in Guinness
World Record Book 2004 Edition.
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Accelerating Materials Discovery through the Materials
Genome Project

Gerbrand Ceder

Gerbrand Ceder, Department of Materials Science and Engineering, Massachusetts Institute
of Technology.

Novel materials design has become a critical capability to address several urgent societal
problems. The Materials Genome Project, originally started at MIT (www.materialsproject.
com), and currently operated at Lawrence Berkeley National Laboratory has as its objective
to use high-throughput first principles computations on an unparalleled scale to provide basic
materials property data on all known and many potential new inorganic compounds, thereby
accelerating the search for new materials. | believe it is possible to within ten years determine
most of the intrinsic properties of all known compounds, thereby generating the Materials
Genome. This is expected increase novel compound discovery as well as accelerate the
development of quantitative higher length-scale models.

I will show successful examples of high-throughput calculations in the field of lithium
batteries, and show several new materials that have been discovered. | will discuss the
public release version of the Materials Genome project, which is making large quantities of
computed data freely available to the materials community.



Prof. Gerbrand Ceder

Massachusetts Institute of Technology, U.S.A

R.P. Simmons Professor of Materials Science and Engineering
MIT, Bldg 13-5056, 77 Massachusetts Ave., Cambridge, MA 02139
OFFICE 617.253.1581 GCEDER@MIT.EDU

<CV>

EDUCATION AND TRAINING

University of Leuven, Belgium Metallurgy/Applied Materials Science Engineer,1988
University of California, Berkeley Materials Science and Engineering PhD, 1991
RESEARCH AND PROFESSIONAL EXPERIENCE

Professor Massachusetts Institute of Technology 2000-present
Associate Professor Massachusetts Institute of Technology 1995-2000
Assistant Professor Massachusetts Institute of Technology 1991-1995
Teaching Assistant University of California, Berkeley 1989

RESEARCH ACTIVITY: Materials design through first-principles computations and selected experiments. Focus on materials for energy, including
energy storage, solar and thermoelectrics. Materials Genome and high-throughput computation. Data mining and statistical learning in materials science;
Nucleation and formation of materials and metastability.

SELECTION OF PUBLICATIONS (338 PUBLICATIONS IN TOTAL)

K.A. Persson, G. Ceder, World Changing Ideas, Scientific American, 309 (6), 34-40 (2013).

J. Lee, A. Urban, X. Li, D. Su, G. Hautier, G. Ceder, Unlocking the Potential of Cation-Disordered Oxides for Rechargeable Lithium Batteries, Science, 343
(6170), 519-522 (2014).

G. Hautier, A. Miglio, G. Ceder, G-M Rignanese, X. Gonze, Identification and Design Principles of Low Hole Effective Mass P-type Transparent Conducting
Oxides, Nature Communications, 4, 2292 (2013).

K.A. Persson, B. Waldwick, P. Lazic, G. Ceder, Prediction of Solid-Aqueous Equilibria, Phys. Rev. B, 25, 235438 (2012).

R. Malik, F. Zhou, G. Ceder, Kinetics of Non-Equilibrium Lithium Incorporation in LiFePO(4), Nature Materials, 10 (8), 587-590 (2011).

Y.J. Lee, H. Yi, W-J Kim, K. Kang, D.S. Yun, M.S. Strano, G. Ceder, and A.M. Belcher, Fabricating Genetically Engineered High-Power Lithium Ion
Batteries Using Multiple Virus Genes, Science, 324 (5930), 1051-1055 (2009).

K. Kang, Y.S. Meng, J. Bréger, C. Grey, G. Ceder, Electrodes with High Power and High Capacity for Rechargeable Li Batteries, Science, 311, 977-980 (2006).
B. Kang, G. Ceder, Battery Materials for Ultrafast Charging and Discharging, Nature, 458 (7235), 190-193 (2009).

G. Hautier, A. Jain, S.P. Ong, B. Kang, C.J. Moore, R. Doe, G. Ceder, Phosphates as Lithium-lon Battery Cathodes: An Evaluation Based on High-
Throughput Ab Initio Calculations, Chemistry of Materials, 23 (15), 3495-3508 (2011).

F. Zhou, T. Maxisch, G. Ceder, Configurational Electronic Entropy and the Phase Diagram of Mixed-Valence Oxide: The Case of LixFePO4, Physical
Review Letters, 97, 155704 (2006).

A. Jain, G. Hautier, C.J. Moore, S.P. Ong, C.C. Fischer, T. Mueller, K. Persson, G. Ceder, A High-Throughput Infrastructure for Density Functional Theory
Calculations, Computational Materials Science, 50 (8), 2295-2310 (2011).

J. Hafner, C. Wolverton, G. Ceder (Guest Editors), Toward Computational Materials Design: The Impact of Density Functional Theory on Materials
Research, MRS Bulletin, 31 (9), 659-668 (2006).

H-FACTOR: 73 Google Scholar; 61 Thomson Reuters. PATENTS: About 20 filed or issued.

SYNERGISTIC ACTIVITIES

Founder, Pellion Tech: A start-up company that uses high-throughput computational materials science techniques to design Mg-intercalation cathodes for
high energy density storage; Co-Founder, Materials Project (www.materialsproject.org); Founder, Computational Modeling Consultants; Developed webcast
Graduate Subject in Computational Materials Science, freely available in multi-media format since November 2005. http://ocw.mit.edu. Look for course 3.320.
Receives over 15,000 unique hits per quarter; Screening Editor for Science (BORE), 2005-2010.

HONORS AND AWARDS

MRS Gold Medal, 2009; Graduate Teaching Award, MIT School of Engineering (2007); Graduate Council Teaching Award (2006); Calphad Best Paper
Award (2006); Battery Research Award, ECS (2004); Best Graduate Teaching Award, MIT (2003); R.P. Simmons Professor (2003 - ); Union Miniére Faculty
Chair (1999-2001); Fellow Singapore-MIT Alliance (1999-2006); Res Metallica Chair, K.U. Leuven (1999); Robert Lansing Hardy Award (1996), given to a
person under 30 years of age who shows exceptional promise for a successful career; CAREER Award, NSF (1995); Charles Reed Faculty Initiative Award,
MIT (1993); Visiting Professor in the Post-Graduate Physics Program, KUL, Belgium (January 1993); André Deruyttere Prize for best publication (1992);
AT&T New Research Award (1992); Fellow of the Belgian-American Educational Foundation; Proctor and Gamble Technical Thesis Award (1988).

OUTSIDE LEADERSHIP: Co-director of the Materials Project. Directorate of JCESR (Joint Center for Energy Storage). CTO Pellion Technologies (Spring
2012). Advisor to the Office of Strategic R&D Planning of the Korean Government (-2012). Served as a member of the American Physical Society’s study
on Critical Elements for Energy Technologies, and as Sub-Panel leader, DOE workshop on Basic Science Needs for Energy Storage (April 2007).

PROFESSIONAL ORGANIZATIONS AND SERVICE: Member of MRS, ACS, TMS, ECS; Member of Award Committees: Von Hippel Award (MRS),
Battery Research Award (ECS), TMS Environmental Award (TMS), Aneesur Rahman Prize (APS); Regular organizer of symposia at ECS, MRS and TMS.
Member of Editorial Board for Chemistry of Materials and for New Journal of Physics.
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Gerbrand Ceder is a Professor of Materials Science and Engineering at the Massachusetts Institute of
Technology. He received an Engineering degree from the University of Leuven, Belgium, and a Ph.D. in
Materials Science from the University of California at Berkeley in 1991. Dr. Ceder’s research interests
lie in the computationally driven design of novel materials for energy generation and storage, including
battery materials, thermoelectrics, photovoltaics, and photocatalysts. He has worked for 20 years in the
Li-battery field, optimizing several new electrodes materials and has regularly served as scientific advisor
to companies and investors in this area. He has published over 335 scientific papers, and holds several
U.S. patents. He has served on MIT’s Energy Council as well as on several DOE committees, including
the workgroup preparing the Basic Needs for Electrical Energy Storage report. Dr. Ceder has received
the MRS Gold Medal, the Battery Research Award from the Electrochemical Society for his work on
understanding battery materials, the Career Award from the National Science Foundation, and the Robert
Lansing Hardy Award from The Metals, Minerals and Materials Society, as well as several teaching
awards at MIT. He is a co-founder of Computational Modeling Consultants, Pellion Technologies, and of
The Materials Project, which provides computed materials property data to the research community. Dr.
Ceder’s work on high-throughput computing was the inspiration of the Presidential Materials Genome
Initiative.
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“Development of an Environmental High-Voltage Electron
Microscope and its Application to Nano and Bio-Materials”
[RISEIFEBEEEFRMEFEORFEE S /. 1A HENDIGA

Nobuo Tanaka (Nagoya University, Japan)
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“Live Cell Nano-Imaging Free from Radiation Damage by Using
X-Ray Free-Electron Laser”
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Yoshinori Nishino (Hokkaido University, Japan)
PR A Aeimi k)
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Development of an environmental high-voltage electron
microscope and its application to nano and bio-materials

Nobuo Tanaka

Ecotopia Science Institute and Graduate School of Engineering, Nagoya University
Chikusa-ku, Nagoya, 464-8603, Japan

Recently, energy and environmental problems have become important concerns, and these
problems can be resolved through “green technology” or “green manufacturing”[1]. Attention must
be paid to these concerns from the first step of the development of materials and devices, because
the cost of the previous methods for estimations and treatments after production is higher, and they
may not be environmentally friendly. To properly assess the development of materials and devices,
samples need to be analyzed under actual usage/reaction conditions. For this purpose, the necessity
of environmental and in-situ observation is increased for structural and elemental analysis.

Transmission electron microscopy (TEM) is one of the most effective methods for the analysis
of nano-materials with atomic dimensions. However, there are several limitations in TEM such
as (1)the requirement that the thickness of samples should be less than less than 0.1 pm, (2)the
requirement that samples should be placed in vacuum and (3)the generation of projected images
of samples instead of three-dimensional structural information. Since 2007, a new high-voltage
scanning transmission electron microscope (HV-STEM) equipped with an open-type environmental
cell, large tilting holders, high-sensitivity TV cameras and an imaging filter for electron energy loss
spectroscopy(EELS) and energy-filtered imaging has been developed at Nagoya University; this
instrument has been named “Reaction Science High-Voltage Electron Microscope (RSHVEM)”[2].
In this paper, we describe the details and some applications by using this instrument[3-5].
Acknowledgement should be made to Dr. S. Arai and Profs. M. Kusunoki, J. Usukura, S. Mutoh, T.
Tanji, and K. Sasaki of Nagoya University and collaborated researchers in other universities

References
1] D. Dornfeld, “Green manufacturing” (Springer, 2012)

[

[2] N. Tanaka et al., Microscopy, 62 (2013), 775.

[3] T. Fujita et al., Nature Mater., 11 (2012), 775.

[4] J. Yamasaki et al., 63(2014), 345.

[5] K. Murata et al., Ultramicroscopy, 146(2014), 39
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2006
2012
2014

Nobuo Tanaka

Director and Professor of Ecotopia
Science Institute, Nagoya University

Graduated from Department of Applied Physics, Nagoya University
Graduated from Graduate School of Engineering, Department of Applied
Physics, Nagoya University. Ph. D of Applied Physics on High Resolution
Electron Microscopy.

Assistant Professor of Department of Applied Physics, Nagoya University.
Visiting Researcher of Arizona State University.

Associate Professor of Nagoya University.

Professor of Nagoya University.

Professor of Center for Integrated Research of Science and Engineering
Nagoya University.

Professor of Ecotopia Science Institute, Nagoya University.

Director of Ecotopia Science Institute, Nagoya University.

Award from the Minister of Education, Science and Technology on “Development
of Reaction Science HVEM”
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Live cell nano-imaging free from radiation damage
by using X-ray free-electron laser

“Yoshinori Nishino

' Research Institute for Electronic Science, Hokkaido University,
Kita 21 Nishi 10, Kita-ku, Sapporo 001-0021, Japan

Abstract
We succeeded in imaging of a living cell before suffering from radiation damage by using X-ray free-
electron laser (XFEL) facility, SACLA. The cell image quantitatively reveals the internal nano-scale structures.

I. INTRODUCTION

Coherent diffractive imaging (CDI) is a growing field in photon science. It requires no objective lens
for image formation, but numerically reconstructs object images from the coherent diffraction data. It is
advantageous for X-rays, for which it is difficult to fabricate lenses with a high numerical-aperture. CDI has been
demonstrated to be a powerful tool to visualize cells and organelles using synchrotron radiation [1,2]. Emerging
XFELs further extends the ability of CDI to achieve spatial resolution beyond the conventional radiation-damage
limitation. For femtosecond pulsed XFELs, X-ray interaction with the sample occurs before radiation damage
becomes obvious.

Il. RESULTS

We performed live cell nano-
imaging using a Japanese XFEL
facility SACLA. We employed the
pulsed coherent X-ray solution
scattering (PCXSS) method, a
form of X-ray CDI, developed by
our group [3,4]. A unique feature
of the PCXSS method is to keep
solution sample with controlled
environment in micro-liquid
enclosure array (MLEA) chips
we developed. We succeeded in
reconstructing a live cell image
from a coherent diffraction pattern
recorded with a single-shot XFEL. The reconstructed image quantitatively reveals the internal structures, e.g.
high image intensity structure indicative of dense DNA [4]. The PCXSS method can also be effectively applied
to nano-level imaging of materials functional in solution.

Fig. 1 Live cell nano-imaging free-from radiation damage by using XFEL
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Dy-FREE HIGH COERCIVITY NEODYMIUM BASED
PERMANENT MAGNETS FOR AUTOMOTIVE APPLICATIONS

K. Hono

Elements Strategy Initiative Center for Magnetic Materials (ESICMM),
National Institute for Materials Science,
1-2-1 Sengen, Tsukuba, 305-0047, Japan

The Nd-Fe-B based permanent magnets for traction motors of (hybrid) electric vehicles contain
substantial amount of Dy for attaining high coercivity. Due to the recent concern of the scarce
supply of heavy rare earth elements (HRE), finding a way to increase the coercivity without using
Dy has become the center of permanent magnet research in Japan. In this talk, we will discuss why
only Nd-Fe-B based permanent magnets can meet the requirement as high performance magnets for
such applications. Then we will give an overview on our recent efforts towards the development of
high coercivity Dy-free Nd-Fe-B permanent magnets. Finally, we will report our recent finding of a
new permanent magnet compound, NdFe,;,N, whose intrinsic magnetic properties were found to be
superior to those of Nd,Fe,,B.

The coercivity of Nd-Fe-B sintered magnets is empirically known to increase with decreasing
grain size. Although the average grain size of hot-deformed anisotropic magnets is one order
of magnitude smaller than that of commercial sintered magnets, their coercivities were only
comparable to those of Nd-Fe-B sintered magnets. One possible reason for the disappointedly
low coercivity for their fine grain size is the exchange coupling of the Nd,Fe,,B grains through a
ferromagnetic intergranular phase. Recently, we succeeded in enhancing coercivity substantially
by diffusing low temperature RE-TM eutectic alloys to HDDR magnets [1,2] and hot-deformed
magnets through grain boundaries, e.g., 2.3 T using Nd,,Cug, [2] and 2.6 T using Pr,,Cus, [3]
as diffusion sources. However, these coercivity enhancements were achieved at the expense of
remanence. We noticed volume expansion occurs only in the c-axis direction when the eutectic
diffusion process was applied to bulk hot-deformed magnets [3]. Based on this, we have applied
an expansion constraint during the eutectic diffusion process using Nd,,Cug, alloy to minimize
the remanence loss for the coercivity enhancement, Fig. 1 [4]. The hot-deformed magnet that was
diffusion-processed under an
expansion constraint exhibited
uoH,~2 T, y,Mr=1.36 T and
(BH),ac = 358 ki/m® at room
temperature. Because of the
low temperature coefficient of
coercivity of the ultrafine grain
size, the magnet showed (BH)
ma_x ~ 191 kJ/m* at 200°C, Fig. 1. Demagnetization curves of Nd-Cu diffusion process hot-deformed
which outperform the 4% Dy-  Nd-Fe-B magnets and their microstructure observed by SEM.
containing sintered magnets.

Although further improvement of the coercivity of Nd-Fe-B may solve the current industrial
issue related to HRE, one longstanding question in the permanent magnet community was whether
or not there is a new magnetic compound that outperforms Nd,Fe,,B, the main phase of Nd-Fe-B
magnets. We recently succeeded in synthesizing ThMn,,-type NdFe,;, compound in the thin film
that was epitaxially grown on a W underlayer deposited on a MgO(001) substrate. By nitriding the



NdFe,, film, a hard magnetic NdFe;,N film
was successfully synthesized, whose intrinsic
hard magnetic properties were demonstrated
to be superior to those of Nd,Fe,;,B. The
NdFe;,N compound requires less amount of
rare earth element, so is expected to be a new
rare-earth saving magnet. Since the phase
decomposes above 550°C, bulk processing of
this compound is expected to face difficulties. Fig. 2 Temperature dependent anisotropy field and
The next step toward the development of @ magnetization of the NdFe,,N, compound. For comparison,
NdFe;,N magnet is the establishment of a the values of Nd,Fe,,B compound are also shown.
processing route to synthesize a large quantity
of powders. This research has just started; however, the discovery of a new magnetic compound
superior to Nd,Fe,,B for the first time in 32 years reinvigorates the area.
This work was in part supported by JST, CREST.
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Abstract

Rubber filled with nanoparticles such as carbon black and silica shows reinforcement effects.
The increase of hysteresis loss enhances the grip performance of tire, while it decreases the
rolling resistance of tire. It is considered that these properties of rubber composite are concerned
with the hierarchical structure formed by nanoparticles; however, the precise mechanism has
not been clarified. To develop the low rolling tire rubber, we performed the structural analysis of
hierarchical structure of nanoparticles with 2D-USAXS / SAXS measurement. 2D-USAXS / SAXS
measurement was carried out at SPring-8.

I. INTRODUCTION

Tire rubber is a complex material system (Fig. 1), consisting of polymers, fillers (carbon black
and silica), plasticizers, additive agents and cross-linking agents. In addition, frequent use of
silica as a means of reducing tire rolling resistance in recent years has also led to the use of silane
coupling agents as well as functionalized polymers with functional polymer groups that readily
bond with silica in order to increase the dispersion of silica particles within the polymer. All of
these materials form heterogeneous structures across the nanometer through micron scale that is
expressed in the physical properties of rubber. In order to develop rubber materials for fuel-efficient
tires, Sumitomo Rubber Industries has been focusing our research on the hierarchical structures
of silica particles, which contribute greatly to both tire rolling resistance and grip performance.
In order to analyze the three-dimensional structures of silica particles, we have been using the
SPring-8 synchrotron radiation facility for two-dimensional ultra-small-angle/small-angle X-ray
scattering (2D-USAXS / SAXS) analysis [1].

Fig. 1 Hierarchical Structures Formed within Tire Rubber

Il. EXPERIMENTAL

We performed the structural analysis of hierarchical structure of nanoparticles with 2D-USAXS
/ SAXS measurement. 2D-USAXS / SAXS measurement was carried out at SPring-8. 2D-USAXS
experiments were performed at BL20XU with the camera length of 160.5 m, and 2D-SAXS
experiments were performed at BLO3XU with that of 3 m. With this setting, we can obtain the
structural information such as the agglomerate size, the aggregate size and the primary particle size
from 1.9 x 10° to 1 nm™ by combining these data.



I1l. RESULTS

We have determined that the aggregation
structures of silica at the sub-micron level
are closely related to rolling resistance
(Fig. 2) and, through thorough analysis
using advanced computer simulations,
we have succeeded in identifying the
locations at which energy loss occurs when
a tire is rolling. In order to suppress this
energy loss, we have utilized multi-scale
simulations in the molecular development
of functional polymer groups that bond
with silica, thereby allowing us to freely
control the aggregation structures of silica.

As a result, we have succeeded in developing tire rubber that achieves a 39% reduction in energy

loss [2][3].
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Carbon Fiber Composites, Developments and Applications
Makoto Endo

Composite Materials Research Laboratories, Toray Industries, Inc.,
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Abstract

The invention of PAN based carbon fiber dates back to the 1960s and ever since it has been
widely used in sporting goods, aerospace, automotive, and industrial applications. This paper briefly
describes the developments, commercialization, and applications of the carbon fibers.

I. SHORT HISTORY OF PAN BASED CARBON FIBER

PAN based carbon fibers were invented in the 1960s, and ever since the commercialization
for sporting goods in the early 1970s, their market has expanded dramatically. In 1980Q's, they
were selected for primary structures of aircrafts and also successfully introduced into sporting
applications such as tennis rackets and golf shafts. These various domains contributed to the market
expansion of carbon fiber materials. Since late 1990s, these applications have been expanding in
aerospace, automotive and industrial applications such as civil engineering applications shown in
figure 1 (1). The market is now expected to reach over 100,000 tons/year in late 2010’s, while it
was only several thousand tons/year in early 1970s.

Fig.1. Carbon fiber market since 1970s

Il. DEVELOPMENTS

During this market growth, the fundamental mechanical properties of carbon fibers such as
tensile strength and modulus have greatly improved. The strength of the first commercialized
carbon fibers was known to be less than 4GPa has currently doubled in strength. Carbon fibers
that have higher tensile properties have been recorded at lab scales. This improvement in fiber
properties has a direct relationship with the size of the defects in the carbon fibers. For the first



commercialized carbon fibers, the defect size on the carbon fiber surface was almost micro size.
As further R&D was conducted, these surface defects were improved down to sub-micron size and
currently improved to nanosize. These carbon fiber grades show higher tensile strength and are
mainly used for aircraft primary structures, space applications and high performance automobiles
and exclusive sporting goods.

I1l. APPLICATIONS

As previously described, developments of carbon fiber also expanded into other applications.
The utilization of high strength carbon fiber for aircraft primary structure was a milestone event
in the aerospace industry (2). This was due to the high specific strength compared to glass fibers
and other metals which lead to reduction of aircraft weight and improvement of fuel efficiency.
This advantage has recently been focused due to the world’s interest in global warming issues
and fossil resource shortage. For example almost all parts of the Boeing 787 were made of carbon
fiber composites. Recently, carbon fiber materials have also been used in automotive and industrial
applications, for example, PC chassis, cable core, and renewable energy solutions. In order to break
through in these market segments, not only the development of carbon fiber is important, but also
innovations in the matrix resin, intermediate materials such as fabric, and molding technologies are
essential. This trend will continue and therefore current technologies need further implementation
for cost reduction and higher production rate to be competitive in the market

CONCLUSIONS

A short history of carbon fibers’ developments and their applications are introduced briefly in
this paper. The development and expansion of carbon fibers are expected to continue contributing to
society by improving fuel efficiency and saving global resources.
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