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Summary

Materials (a collective term for materials, nanotechnology, and devices) are the foundation of modern life
and industry. Materials science (a collective term for science-based research, testing, and technological
development related to materials) is a driving force for improving well-being and has demonstrated its
power as a source of Japan’s international competitiveness. However, in recent years, the international
situation has changed rapidly and significantly. In addition to expectations for the development of
high-performance materials that address environmental issues, the importance of materials science is
also strongly recognized from the perspective of ensuring economic security and responsible resource
procurement. On the other hand, Japan’s capabilities in materials science are relatively declining on the
international stage.

Recognizing this situation, this report analyzes the current state of materials science and explores
the future options. Main topics of interest are the promotion policies of developed countries, the latest
trends in DX (digital transformation) R&D, resource issues (especially ethical, legal, and social issues),
and material performance deterioration (especially time-dependent deterioration). Investigation was
conducted through literature surveys, interviews with experts, and field visits, taking into consideration
issues such as the risk of resource depletion, geopolitical risks in resource procurement, and the elimination
of conflict minerals.

As a result, from the standpoint of promoting DX in materials science, the common weaknesses of
current supply chain and value chain methods were identified. One is that they do not adequately consider
the value of materials at the “use”’ stage and value changes over time. Second, they do not include
resource circulation aimed at achieving a circular economy. Third, they do not include the potentiality
that the problems on the “use” stage can suggest a valuable trigger for the development of new materials.
Accordingly, this kind of analysis led to the proposal of a completely new method called a “circular
chain” that overcomes all the above-mentioned defects. If it becomes commonplace for parties to
exchange material data in a circular chain, it will lead to the creation of materials and innovations that
will be the source of new value and competitiveness to solve social and market issues.

Further, information strategies should also be fundamentally reviewed. In today’s globalized world,
materials science professionals must gather information internationally to generate original, unique, and
creative ideas that can help solve problems in countries, businesses, and organizations. In this sense, it is
necessary for each individual to possess high intelligence and ethics and to strengthen their information

activities in order to obtain highly truthful, structured information as a reference for decision-making.



< T 7IVEE

—R i & REANDERKR—
H &
FLAY&
U2
%lﬁ ‘75")7}1/*4’%&,32&&“}% .......................................... Bg" ﬁ 1
LI

I EW»S RSB <7) 7 VROl
I EOEO~TY) 7IVER ) OiEAk
W EHAEOST) 7 NVERFEAEDR % 5L HES

Bbhl
H2¥ STUTIWERRALETIVINDIT VAT H—RA =g ¥ ceeeeeees P w25
Eqvrol

I MEFT—%75 v b7+ —20O8hEE%E
I ERNA o DX G OB
M RKEANOER—~ T ) T VRO V=T ) v F—

BbYIZ
%3% 77—1}7}1,12\4.?&%?@ ................................................ ;HJ: ;@_% 41
EQbr oY
I <7 7 VHAHOERIZH 5 EIRRE 2 8 5—51bd 2 &li—
I BFEEEZ~TY 7TIVEEICE 5 TOELST & L CHEFLETS
m —oo77u—FEtLlTo—Fa7—x1a/)3I—
IV REANOERFE—~T ) TVRERT Ay 7Y 7 LTl nT
WAHHRL LTlEwiritwnwz &—
BbYIZ
HATE T VYT IFREIDID L coevverereeereernnneinii. EH # 57
T LI
I <77 VvoltiEsit
#8554 77 0MEESL
I RERARAE RGN & oxdig (72w L)
IV RKEANOBEFL— [DLBH] & [2hHH] OF v v 72D LH—
aF 5 [O0HM] OFRA [2L HH]) OFd - FHre k€5
BbYIZ
=N = R ¢ - T PP B B EH ¥% 85
I HEBEOFTLED

I MBSO DXALIZ X 28 Ll Al 3 g
M —A—ADA V5T v AIHEEC X 5k g

o TIETREALIRHEIGE oo ooeeorrrrrrrrrrrererrreramnnit ettt e e e e e 89



Materials Science:
The State of the Art and Future Options

CONTENTS
Preface
Summary
Chapter 1 Materials Science: Growth Strategy «=«-=«xoereerrreseeeees SEKITANI Tsuyoshi 1
Introduction
I Domestic and International Trends
I Strengthening Japan's Material Innovation Capabilities
III'  Next Direction for Strengthening Japan's Capabilities
Concluding Remarks
Chapter 2 Materials Science: Digital Transformation «-«-«-===v-=--- KADOHIRA Takuya 25
Introduction
I Functions and Roles of Material Data Platforms
I Trends in DX Utilization in Japan and Overseas
I Future Options - Engineering of Materials Science -
Concluding Remarks
Chapter 3 Materials Science: Resource Related Issues «=««=v-ov-+- MURAKAMI Shinsuke 41
Introduction

I Behind the Resource Problem: Degradation of Resources

I  Circular Economy as an Approach

Il Future Options -What Materials Science Should Do and Should Not Do for Decoupling-

Concluding Remarks

Chapter 4 Materials Science: Losing Assets «=«=wxrrererrrrrrrreeeeeeeee. NAGALI Kotobu
Introduction
I Performance Deterioration of Materials
II'  Performance Deterioration of Products and Social Infrastructure
II  Confronting Time-Dependent Reliability
IV Future Options - Bridging the Gap between Producers and Users-
Column: Demands of Users Will Grow Technology and Science of Producers

Concluding Remarks

Chapter 5 Conclusion werersesermerereseeeeeeees SEKITANI Tsuyoshi and NAGAI Kotobu
I Summary of Each Chapter
II'  New Strategy of Value Creation Through DX of Circular Chain

I New Strategy of Information Based on Individual Intelligence Activities

Appendix Investigation Committee and Activity Records «werserrerrerrerrereereeeeeeeeeeeeeeees

57

85



SAEE ¥ 2023-6
BEEATICEET2E 02 27 b 2023 fi5E
T ) 7 IVEE —REl & RRADRERK—

&¥6E£3 A 27 HHEIT
ISBN 978-4-87582-924-9

wE BEVESKEEHBERVILEEES
#1T ENME=RIEE

T 100-8924 WEHIFTAHKKHEI1TE10&H1 5
B|5E 03 (3581) 2331
E-mail bureau@ndl.go.jp



Science and Technology Research Project 2023

Materials Science:
The State of the Art and Future Options






