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Abstract

During the first two decades of this century, materials science has
made great progress in many respects and brought various novel or
advanced materials for the world’s industry, especially high technology
fields. At the begining of 2020, the National Natural Science Foundation
of China (NSFC) and the Chinese Academy of Sciences (CAS) jointly
sponsored a strategic research project about the development trends
of materials science in the medium future until 2035. More than 410
distinguished materials scientists from Chinese universities, research
institutes have contributed actively to this advisory study. The present
book summarizes the main ideas and expectations as the four aspects

below.

I. The strategic position and scientific significance of
materials science

Materials are the essential foundation to support the continuous
development of the world’s new high technology and modern industrial
economy. A new generation of materials carries an innovative generation
of technologies and represents the landmark of a new era. Iron and

steel is the prerequisite to inventing steam engines which initiated the
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first technological revolution. Nonferrous metallic materials played a
dominant role in realizing the electrification of human life and production
during the second technological revolution. Semiconductors and other
electronic materials acted as the key factor in innovating computer
technologies for the third technological revolution. Novel energy
materials and nanostructure materials promoted the evolution process for
the fourth technological revolution. The emergence and implementation of
internet technology, which was a characteristic of the fifth technological
revolution, also relied heavily on the systems of advanced information
materials and smart materials. In the future, biomedical materials will
display their decisive influences on the forthcoming sixth technological
revolution. Therefore, China has already classified materials science
and technology industry as one of its newly thriving enterprises for state
development strategy.

Materials science is closely related to matter science. But these two
disciplines differentiate from each other by apparent boundaries in both
preferential research contents and scientific objectives. Materials are
those partial types of substances that either have already found practical
applications in human production and life processes or exhibited
obvious application potential. From a narrow-minded understanding,
matter science is an important branch of natural sciences correlated with
physics, chemistry, biology, astronomy and geology, whereas materials
science belongs to the regime of engineering and technical sciences. This
typically applied science discipline directs its research purposes toward
the systematic investigations about the scientific nature and applied
performances of useful matters, which may become the raw materials or
constitutional parts to manufacture various objects and products. It may
be regarded as an interdisciplinary field between natural sciences and

engineering sciences. In fact, the combination of materials science with
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metallurgy, chemical engineering and mechanical engineering has laid

the scientific basis for modern industrial systems.

II. Research methodology and evolution features of
materials science

The main frame of materials science was formed as an independent
and integrated science discipline in the 1980s. In earlier times, diverse
materials research had been scattered among the relevant scientific
fields such as metallurgy, physics, chemistry and chemical engineering,
mechanical engineering, as well as biomedicine. According to the
chemical constitutions of materials, there are mainly three types of
materials as the research objects of this discipline: metallic materials,
inorganic nonmetallic materials, and organic polymer materials. The
research process of materials science originates from the physical and
chemical theories about the structure and property of matter. Modern
mathematics and computing techniques provide powerful analytical tools
for materials research. Experimental investigations represent the keynote
of materials science, which always aims at engineering applications. The
prime tasks of materials science include microstructural characterization,
optimized design, synthesis and preparation, deforming and processing,
applied performances and cyclical applications for different kinds of
materials.

The driving force to develop materials science comes from three
respects. At first, the ever-increasing demands for diverse kinds of
special new materials in high technology fields stimulate a great dragging
effect. Secondly, the cultivation of new growth frontiers and thriving
interdisciplinary directions boosts the spontaneous advancement of
materials science. Thirdly, the significant breakthroughs of related fields

such as pure natural sciences and intelligent information technology

XVii



HIERDBLREE 2035 K Fee i

continually bring in catalytic and supportive forces.

In the coming years, materials science will display six developing
trends: (D it interacts with matter science to a more intensive extent; 2) it
correlates extensively with such frontier fields as information technology,
artificial intelligence and biomedicine; 3 it accelerates its development
to meet the challenge and opportunity raised by the requirements from
those strategic fields including aerospace, navigation, nuclear industry,
biomedicine; @ it modifies its cutting edges under the impacts of
disruptive concepts emerging from an era of the new time and space
ideology; (5 it further emphasizes the green manufacturing of materials
and whole-life cyclical applications in the age of “double carbon”
(carbon peak and carbon neutrality); and (6) the most recent progress of
college education facilitates the revolutionary advancement and even

reconstruction of the materials science system.

Ill. Discipline frontiers and development ideology for
materials science

Owing to the continuous support of NSFC and other governmental
departments, China’s materials science discipline has made significant
achievements. In particular, both the magnitude of research teams and
the number of published papers have attained the first place in the
world. Nevertheless, there still exists a rather large gap between our
actual creativity to accomplish original studies and the expected role
of guiding the international trends of materials science and technology.
In order to secure better future development, the following six issues
have to be solved properly. Firstly, the future development scheme of
materials science should be contrived with the mind to face the world’s
frontiers of science and technology. Secondly, the key development

directions should be plotted to confront the national strategic demands.
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Thirdly, the intercrossing and merging of materials science with artificial
intelligence and biomedicine fields should be encouraged effectively in
the background of new time and space concepts. Fourthly, the conception
of green manufacturing of materials and whole-life control ought to be
implemented to follow the national “double carbon” and environmental
protection policies. Fifthly, the triple comprehensive investigations
to merge materials science with materials technology and materials
engineering may be promoted to serve the main fields of economic
construction. At last, a thorough transition from follow-up work into
original research at the frontiers of materials science and technology must
be driven by the establishment of a more objective evaluation system for
scientific explorations.

On the basis of two years’ extensive survey and systematic
demonstration, the prospective guidelines for future development have
been drawn up. In a word, materials science should keep the primary
standpoint to meet the needs of the national economy and society
advancements, focus on the world’s frontiers of materials science
and technology, promote and merge with the probably coming sixth
technological revolution, make a comprehensive arrangement for
the preferential research directions suitable for China, and gradually
reconstruct a novel framework for materials science in the process of
pursuing and overtaking research fronts. The following four development
goals characterized by “new materials—new technology—new theory—
new system” will be fulfilled through fifteen years of effort. (I To
establish China’s own creative spectrum system of new high performance
materials through the novel material design guided by fundamental
research. (2) To build up the innovative technology system for strategic
traditional materials by reinforcing the technical transition of scientific

research. (3 To strive for multiple theoretical breakthroughs in such
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hot fields as intelligent materials, biological materials and nano-
energy materials through pursuing key scientific fronts with practical
achievability. @) To set up a “Polaris Pattern” disciplinary frame with
new concept materials and materials common science acting as the
leading polar tip according to the frontier advances of materials science
and technology. (5 To establish two national laboratories for advanced
structural materials and new functional materials respectively, which will
provide efficient services to meet the strategic demands of main economic
battlefield and represent the national strategic force of materials science

and technology.

IV. Development strategy and policy recommendations for
materials science

There is no doubt that materials science will meet greater challenges
and achieve better prosperity in the coming fifteen to thirty years. As
the final summary of the state-of-the-art analyses presented above, three
respects of proposals are made for the development tactics of materials

science, which are concisely described below.

1. Key development directions

Among the four branches of materials science, the metallic materials
discipline emphasizes the research about the new principles and
approaches to strengthen and toughen structural materials; the atomistic
structure analyses and property modulation mechanisms of functional
materials; the innovative theories and methods of preparation and
processing, and the design principles for completely new technology and
equipment.

The inorganic nonmetallic materials discipline lays the research stress

upon the new energy materials for “double carbon” purposes; the high
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performance structural materials demanded by the national defense and
advanced manufacture fields; the semiconductor crystals and functional
ceramic materials urged by electronic information science and artificial
intelligence technology; the biomedical materials to serve human life
and health, and the catalytic and refining materials for environmental
protection.

The organic polymer materials discipline takes the keynote study of
advanced composite materials, new smart materials, high performance
biological and informative materials; new paradigm of materials science
research unifying the quinary factors to simultaneously realize “double
functions—composite—intelligence—refining—green processing”.

The fourth discipline of “new concept materials and materials
common science” was newly founded by NSFC in 2019. Its key research
directions lie in the design and synthesis as well as the structure and
property of new or strange or special materials; the multifunctional
materials and materials genome modulation correlated with artificial
intelligence technology; the green manufacture of materials, the
optimized control process of whole-life cyclic applications for materials;
the new types of kernel materials requested by those strategic fields
involving aerospace industry, power plants and advanced communication

technologies.

2. Priority development areas

The metallic materials discipline chooses the preferential research
upon the light and strong metallic materials; the special ferrous alloys
such as superalloy and bearing steel; the metallic functional materials
for information science, energy technology and biomedicine; the new
principles and technology of materials preparation and processing; and
the novel design of experimental apparatuses and processing equipment

for materials research.
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The inorganic nonmetallic materials discipline places the research
priority on the new energy materials for “double carbon” goals, high
performance structural materials, functional crystals and ceramics,
advanced carbon materials; and quantum materials.

The organic polymer materials discipline sets the research preference
at the theory and methodology to enhance the performances and functions
of general polymer materials, the new conception design principles and
preparation methods for intelligent and bionic polymer materials, the
fundamental study and application evaluation methods of biomedical
polymer materials for targeting treatment, the polymer materials for
energy technology and environmental protection, and the advanced
polymer materials for special service conditions.

The new concept materials and materials common science discipline
stresses the preferred research about the artificial design and pattern
architecture of future materials, the material design and characterization
methods for extraordinary environments the new principles and
mechanisms to couple and integrate the multiple functions of materials,
the spectrum design of special strategic materials and the innovative

exploration of kernel traditional materials.

3. Essential interdisciplinary areas

The metallic materials discipline supports the essential intercrossing
research areas about the theory and technology of digitized and
intellectualized metallic materials preparation and processing;
intercrossing studies of metallic materials correlated with energy,
information and life science; and the interpenetration with physical and
chemical investigations, paying special attention to the electronic theory
about the mechanical and physicochemical properties of metals and
alloys, so that structural analyses can develop from the atomistic level

into more microscopic scale.
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The inorganic nonmetallic materials discipline encourages
intercrossing studies such as the functional materials and devices for
information science, the biomedical materials for life science and human
health, and the novel research format to innovate inorganic nonmetallic
materials.

The organic polymer materials discipline emphasizes those
intercrossing research subjects including the organic/inorganic composite
semiconducting materials and information materials, the smart and
multifunctional polymer composites, advanced functional organic film
materials, and the new principles and methods to produce multilevel and
multiscale composites.

The new concept materials and materials common science discipline
concentrates the intercrossing research areas upon the material design and
synthesis, deformation and processing, as well as structure modulation
and applied performances in the backgrounds of new time and space
conception; the optimized regulation of new material structure and
property based on artificial intelligence; the green cyclic reproduction
mechanisms of traditional pillar materials in the age of “double carbon”
policy for environmental protection; and finally the innovative design and

synthesis of new biomedical materials for clinical applications.
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