
Review Article
Research Progress and Development Trends of Materials
Genome Technology

Shuling Xiong 1 and Luohan Wang2

1Institute of Scientific and Technical Information of China, No. 15 Fuxing Road, Haidian District, Beijing 100038, China
2Chinese Academy of Science and Technology for Development, No. 8 Yuyuantan South Road, Haidian District,
Beijing 100038, China

Correspondence should be addressed to Shuling Xiong; xiongshuling555@163.com

Received 28 August 2019; Revised 9 January 2020; Accepted 23 January 2020; Published 17 February 2020

Academic Editor: Pavel Lejcek

Copyright © 2020 Shuling Xiong and Luohan Wang. .is is an open access article distributed under the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in anymedium, provided the original work is
properly cited.

Materials genome is a subversive frontier technology emerging in the field of international materials in recent years and also a
propeller for the development of new materials. It brings fundamental changes to the traditional material research mode, aiming
to accelerate the research and development of new materials and reduce costs, so as to support the development of electronic
information, energy and environmental protection, aerospace, and other industries. In this paper, we introduce the strategic
significance, national layout, and methods of materials genome technology and emphatically introduce the design idea and
development status of materials database method. .en we summarize the development trends of materials genome and put
forward suggestions for its future research, aiming to provide references for the development direction of materials genome
technology in various countries, especially in developing countries.

1. Introduction

New materials, such as new energy materials, information
materials, and intelligent materials, are the core of sub-
versive technology revolution and also the strategic
highland of fierce competition among countries around the
world. Traditional material research and development
(R&D) utilizes the existing theory and knowledge experi-
ence to find the materials that meet the needs through
characterization test and inspection by adjusting material
ratio. However, this method is time-consuming and la-
borious; it often takes ten to twenty years from design,
development, experiment, optimization, and character-
ization to integration, application, and first time put into
the market, which is difficult to meet the needs of the rapid
development of industry for new materials. With the de-
velopment of economy and science and technology, de-
signing materials on demand and accurately controlling
materials’ properties have become the development trends
of advanced materials [1–5].

In 2002, Professor Zikui Liu of Pennsylvania State
University put forward the concept of “materials genome,”
which possesses a strong analogy with the human genome.
Just like the sequences of DNA and RNA in human genes
determine the main functional properties of human body,
microstructures of materials, properties and arrangement of
atoms, crystal structures, and defects determine the intrinsic
properties of materials. Materials genome is a product of
deep integration of material R&D with modern information
technology, such as high-performance computing, material
gene chip, big data and “Internet+,” aiming to accelerate the
whole process of discovery, R&D, production, and appli-
cation of new materials and reduce R&D costs and shorten
R&D cycle [6–11].

Materials genome can change the concept and mode of
material R&D by integrating high-throughput computing,
high-throughput experiment, and materials database tech-
nologies. It starts from the application requirement, back-
ward-deduces materials that meet the corresponding
structure and function, and reveals the relationships among
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material composition, different element arrangement, and
material function, so as to realize the purposeful design of
new materials to support the development of advanced
manufacturing and high and new technology [12–15].

2. Materials Genome Initiative

2.1. Development Status in Major Countries

2.1.1. United States. In 2011, the U.S. government launched
“Materials Genome Initiative” (MGI) project, which is a
major measure taken by the U.S. to maintain its leading
position in advanced materials and high-end manufacturing
industry fields, aiming to accelerate the pace of new ma-
terials from discovery, innovation, and manufacturing to
commercialization, transform the R&D model from “ex-
perience” to “prediction,” and attempt to shorten the R&D
cycle of new materials in half. .e specific measures of MGI
include developing high-throughput material simulation
tools and methods to accelerate material screening and
design, developing and popularizing high-throughput ma-
terial experiment technology and equipment to quickly and
accurately obtain a large number of key data for material
calculation to screen and verify candidate materials, and
developing and improving materials database/informatics
tools to effectively manage and utilize the data chain of
materials from discovery to application (see Figure 1) [16].

.e U.S. Department of Energy (DOE), Department of
Defense (DOD), National Science Foundation (NSF), Na-
tional Institute of Standards, and Technology (NIST) and
National Aeronautics and Space Administration (NASA),
together with universities, enterprises, and scientific re-
search institutes, have been working on resources and in-
frastructure in accordance with the objectives and purposes
of MGI. .ey carried out a series of plans and deployments
to accelerate material R&D and shorten its marketization
process, and have achieved a series of achievements in key
demonstration application fields of typical materials [17].

2.1.2. Europe. In 2011, the European Union (EU) launched
“Accelerated Metallurgy (AccMet)” project, which focuses
on alloy design and simulation, aiming to shorten the R&D
cycle of alloy formulations from five or six years required by
traditional methods to within one year [18]. In 2012, the
European Science Foundation (ESF) launched “2012–2022
Metallurgy Europe” project, which lists high-throughput
synthesis and combinatorial screening technology as its
important contents to accelerate the discovery and appli-
cation of high-performance alloys and new generation of
other materials. .e “Research Network Plan,” under the
“AB-Initio Simulations of Materials, Psi-k2” project set up
by ESF, is dedicated to the development of ab initio cal-
culation method for condensed materials at the atomic level
[19]. In 2013, EU approved and implemented the “Horizon
2020” project, which is the largest framework plan for sci-
entific research and innovation in EU with a total budget of
77 billion Euros, aiming to integrate the scientific resource of
EU countries, improve research efficiency, and promote
scientific and technological innovation, among which the

“NoMatD” project, led by the Max Planck Institute (MPI) of
Germany, aims to establish material encyclopedia and de-
velop tools for large data analysis.

.e UK has also conducted research on high-throughput
material computing simulation and basic database of ma-
terial computing under the funding of “e-Science” project.
Expert systems for nuclear fusion lead-lithium eutectic
materials database have been established in Spain, Italy, and
France [20].

2.1.3. Asia. Japan is one of the earliest countries in Asia to
collect, process, and apply material data, which has estab-
lished thousands of materials databases and knowledge bases
in various fields such as glass, ceramic, alloy steel, etc. For
instance, National Research Institute for Metals in Japan
established many databases on mechanical properties of
metal materials and composite materials. Korea established
an online data bank on metal, chemical, and ceramic ma-
terials [21]. Indian Gandhi Atomic Research Center
(IGCAR) integrated materials science data from Indian
research institutes and universities and constructed an
online materials database to provide data services on me-
chanical properties, corrosion properties, nondestructive
evaluation, and thermal and optical properties of materials
[22].

Since MGI was put forward by the United States, many
universities in China set up special research centers for
materials genome. In 2016, the Ministry of Science and
Technology of People’s Republic of China launched “Na-
tional key research and development program-key tech-
nology and supporting platform of material genome
engineering” project, which focuses on the frontier and key
technology equipment R&D, pays attention to the

Computational
tools

Experimental
tools

Digital
data

Clean energy

Materials innovation
infrastructure

Human
 welf

are

Next genera
tion workforceNational security

Figure 1: Implications of material innovation infrastructure in
MGI [16].
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improvement of innovation ability, and comprehensively
promotes the R&D of key technologies, platform con-
struction, and R&D demonstration of typical materials, so as
to achieve the goal of “shortening R&D cycle in half and
reducing R&D cost in half” of new materials.

2.2. Successful Cases. General Electric (GE) corporation
successfully developed the superalloy named “GTD262” by
adopting the idea of materials genome and relying on its
internal database of similar alloys. .e R&D and service of
GTD262 alloy lasted only four years from conceptual design
to industrial production, and the R&D expenditure is ap-
proximately 1/5 of the development cost of similar alloys.

When identifying and testing perovskite solar materials
alternatives, the Energy Frontier Research Center (EFRC) of
DOE improved the research efficiency by 20% using Ma-
terials Project database. .e Key Materials Institute of DOE
accelerated the discovery and development of rare earth
substitutes relying on materials genome method.

By high-throughput density functional theory calcula-
tion, Ceder team from Massachusetts Institute of Tech-
nology (MIT) screened out three promising lithium battery
materials from 20,000 compounds, of which the perfor-
mances are significantly improved compared with com-
mercial materials [23, 24].

.e MGI project team in Ningbo city of China suc-
cessfully developed the first 48-target high-throughput
composite material ion beam sputtering vacuum coating
equipment in China. Its core technology, combination
material chip, is known as “new material search engine,”
which improves the efficiency of synthesis and screening
processes of new materials by 1000 to 100000 times, and
shortens the R&D cycle to two weeks.

.e Institute of Physics of the Chinese Academy of
Sciences developed a unique high-throughput experimental
method based on the concept of materials genome engi-
neering, which made a breakthrough in the composition
design and exploration of high-performance amorphous
alloys, and realized rapid screening of amorphous alloys, and
developed a new system of high-temperature and high-
strength amorphous alloy materials [25].

3. Methods of Materials Genome

.e key to MGI is the collaboration and combination of
experiment, calculation, and database in the R&D process of
new materials. Cooperative work of these three methods can
make the combination of theory and experiment in the R&D
process closer and obtain the results faster (see Figure 2)
[20].

3.1. High-0roughput Experiment. High-throughput exper-
iment is the basic method to directly select new materials
and obtain experimental data in a large number of samples.
In the process of high-throughput experiment, combined
preparation can realize parallel synthesis of a series of
samples, and high-throughput characterization that com-
bined structure and performance can greatly accelerate the

discovery of new materials. High-throughput experiment
utilizes experimental data to modify computational models
and frame the connections between different-scale calcu-
lations. It provides a large amount of basic material data and
experimental verification for the simulation calculation and
constructs the internal connections among components,
organizations, and processes related to material perfor-
mance. In addition, it can also enrich the materials database,
provide analytical materials for material informatics, and
screen target materials quickly and efficiently according to
specific application requirements. Currently, a complete
experimental technical system has been formed for high-
throughput preparation that covers various material forms
of thin film, block, powder, etc. [26–30], and for high-
throughput characterization that meets properties of ther-
modynamics, electricity, optics, mechanics, electromagne-
tism, electrochemistry, phase, etc. [11, 31].

High-throughput experimental preparation can be di-
vided into two steps: “combination” and “ phase formation.”
.e former can realize the controllable distribution of
sample composition, and the latter can realize the con-
trollable distribution of phase structure of the sample.
Composite material chip based on thin film morphology is a
mature high-throughput material preparation technology,
which can be divided into co-deposition method and
physical mask method. .e preparation of bulk materials
can accurately characterize the properties of related system
materials. In recent years, a series of new methods for the
preparation of high-throughput bulk materials have been
developed, including laser additive manufacturing method,
isostatic pressure preparationmethod, etc., among which the
relatively mature methods are bulk diffusion method and
rapid alloy forming method. High-throughput preparation
techniques for powder materials include spray printing
synthesis, multichannel microreactor, etc. [32–37].

Among high-throughput characterization technologies,
optical detection including X-ray diffraction/scattering,
X-ray fluorescence spectrum analysis, X-ray energy spec-
trometer, ultraviolet/infrared spectrophotometer, etc. is a
relatively direct and effective characterization method for
studying material composition and structure. Electrical
properties of materials include superconductivity, conduc-
tivity, dielectric constant, ferroelectric constant, magneto-
resistance effect, electron mobility, diffusion length,
corrosion, contact resistance, interface parameter, energy
level alignment, etc. Evanescent microwave probe micro-
scope is an effective high-throughput research tool for
studying electrical properties. Magnetic properties of ma-
terials include magnetic susceptibility, spin resonance, etc.
.e tools used to characterize high-throughput magnetic
properties include magnetic microscope, scanning hall effect
probe, scanningmagneto-optical Kerr effect imaging system,
scanning microscope for superconducting quantum inter-
ference devices, etc. High-throughput electrochemical
characterization is of great significance to the study of
batteries, capacitive materials, and devices such as electrode
and electrolyte. Electrochemical characterization instru-
ments must possess high resolution and automation char-
acteristics. At present, the VersaSCAN microregion
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electrochemical scanning system developed by AMETEK
company of the United States is widely used in high-
throughput combined electrochemical characterization for
lithium battery anode and cathode, thin film electrolyte,
semiconductor, and other important materials. A variety of
materials with different components and structures can be
prepared on the same substrate by micro-electro-mechanical
system (MEMS) technology; then the high-throughput
mechanical properties can be tested. .e characterization of
high-throughput catalytic properties needs to simulate the
corresponding conditions of catalytic reaction process, and
the reaction process and catalytic materials can be integrated
through micro fluidic structure to achieve the character-
ization study of partial catalytic properties. With high
brightness and high temporal-spatial resolution character-
istics, large-scale scientific devices are particularly suitable
for rapid characterization of a large number of samples
generated in high-throughput experiments, so as to take
advantage of its fast, accurate, and efficient characteristics.
Among them, synchrotron radiation source and spallation
neutron source are the most representative large-scale sci-
entific devices [30, 38–47].

3.2. High-0roughput Computation. High-throughput
computation refers to utilizing the combination of super-
computing platform with multiscale integration, high-
throughput concurrent material calculation method, and
software to achieve large-scale material simulation, rapid
calculation, accurate prediction of material properties, and
new materials design, as well as to improve the screening
efficiency and design level of new materials and provide
theoretical basis for the R&D of new materials [48, 49].
High-throughput computation is characterized by multiple
tasks, and single task is often characterized by flow com-
puting. Its computing amount is relatively small, while the

concurrent quantity and data scale of tasks are huge, and the
real-time processing is required. High-throughput compu-
tational methods and tools mainly include the first principle
calculation, calculation thermodynamics, dynamic process
algorithm, microstructure and mechanical properties pre-
diction tools, etc., which spans multiple levels of atomic
model, simplified model, and engineering model and inte-
grates themultiscale association algorithm from atomic scale
to macroscopic scale [50–53].

Adersson et al. designed Ni-Fe alloy catalyst using high-
throughput density functional calculation [54]. Curtarolo
et al. designed high-throughput calculation procedure
AFLOW based on the first principle and obtained 150,000
thermodynamic data of alloys and more than 10,000 elec-
tronic structure data of inorganic compounds [55]. Setya-
wan et al. applied this method to the study of inorganic
scintillators, calculated electronic structures of 7439 com-
pounds, and mined the results in an attempt to find new
radiation-detecting materials [56]. Yang et al. utilized this
method to find 28 kinds of topological insulator materials
[57]. MIT’s Ceder research group began to design and
develop lithium battery materials using high-throughput
calculation method in 2010. .ey designed new compounds
by substituting elements in compounds containing poly-
anion XO4 (X�P, S, As, Si) and screened new materials by
calculating the parameters such as energy density, voltage,
volume change after lithium removal, etc. [58]. Researchers
realized the auto-transfer function of crystal structure da-
tabase and the first principle calculation program VASP, so
as to obtain the thermodynamic data and electronic
structure information of materials through high-throughput
calculation [59]. In addition, MatCloud, developed by
computer network information center of Chinese Academy
of Sciences, is a basic platform and software framework for
supporting high-throughput material integrated computing,
which can be directly connected with computing cluster. It
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Figure 2: Collaborative work flow chart among three elements of materials genome technology [20].
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can provide graphical modeling tools, support complex
computing process design, and realize many functions of
large-scale first principles calculation tasks, such as online
job submission and monitoring, result analysis, automatic
data extraction, standardized processing, and automatic
storage of data, etc. [60, 61].

It can be seen from Figure 3 that the data flow of
screening materials by high-throughput calculation is as
follows: screening data from the external structure database
to generate the input file that can be invoked by calculation
software, then obtaining corresponding performance data of
materials by calculation, the calculation results are saved to
the database for further analysis. .e new knowledge ob-
tained can expand the original database and help to screen
more accurate data. .erefore, forming and improving a set
of programmed high-throughput computing process and
associating various calculation software packages, single
functional calculation programs, or instructions with
computing hardware devices to make the whole computing
process complete automatically, are the keys to improve the
efficiency of high-throughput calculation. However, corre-
sponding software needs to be designed for different ma-
terials to realize specific automated operation process [62].

3.3. Materials Database

3.3.1. Design Idea. Materials database usually includes the
data on material properties, components, process, experi-
mental conditions, application and evaluation, etc., which is
the important basis for material research and application.
Once built in scale, it can extract a large amount of useful
information from original data by means of data mining,
deep learning, data reproduction, and other technical
methods, provide basic data for calculation and simulation
and experimental design basis for high-throughput exper-
iment by summarizing these information, and compre-
hensively collect, store, and share computational data and
experimental data in real time [63–65].

.e computational data, experimental data, and em-
pirical data of materials constitute the big data of multi-
source and heterogeneous materials. According to the
characteristics of material data, the database can be divided
into basic information database, calculation database, phase
diagram database, and other subdatabases. Meanwhile,
material data are logically divided into four parts: basic
performance, processing test, calculation, and application.
.en the relatively independent subdatabase is integrated
into the materials database according to the new logical
structure (see Figure 4).

3.3.2. Development Status. Currently, many countries in the
world have established a number of relatively mature and
practical materials databases, as shown in Table 1.

.e United States is the most developed country in the
development and application of materials database in the
world. MatWeb is a well-known comprehensive business
database in the United States, which provides material
performance information and manufacturing information.

It contains data of more than 130,000 kinds of materials,
such as metal, plastic, ceramic, composite, etc., and provides
many powerful search tools to help users query material data
information, which is very convenient to retrieve. .e
Materials Project database established by MIT provides
structural information and properties of more than 130,000
inorganic compounds (e.g., lithium-ion battery materials),
which utilizes the huge database collected by density
functional theory to predict the actual properties of simu-
lated material models. .e Molecular Space database
established by Harvard University is also based on the
density functional theory, which utilizes the methods of
manual labor and machine learning to dig the potential of
database. .e Materials Commons database established by
University of Michigan and Material Data Facility database
established by NIST have collected 12.5 TB data. .e Web
SCD (Structural Ceramics Database) and Web HTS (High-
Temperature Superconducting) databases established by
NIST provide online data retrieval and data evaluation
functions [66, 67].

.e Total Material database in Switzerland is the most
comprehensive database on the properties of metal materials
in the world, which contains more than 450,000 detailed
performance data of metal and nonmetal materials in 26
language versions. Total Material is also the largest advanced
material performance database in the world, containing
stress-strain, fatigue data, fracturemechanics, and creep data
of more than 150,000 materials required for industrial de-
sign..e Pauling File database in Switzerland contains more
than 46,000 phase diagram data, 320,000 crystal structure
data, and 125,000 physical properties data, making it the
largest inorganic compound database in the world [68].

.e Material Universe and Process Universe databases
established by Granta Design company in United Kingdom
collect data of more than 4000 materials and 200 processes.
.e European Fusion Material Performance database de-
veloped by Culham Center for Fusion Energy and other
institutions in the United Kingdom aims to collect, preserve,
and expand the data of future network and reactor. Cam-
bridge Crystallographic Data Center (CCDC) established by
Cambridge University is a crystal structure database, which
is a repository of small molecule organic and metal organic
crystal structures in the world. CCDC contains one million
structures from X-ray and neutron diffraction analysis,
which has been used by thousands of organizations in more
than 70 countries [21].

.e Inorganic Crystal Structure Database (ICSD) in
Germany aims to collect and provide crystal structure in-
formation of all inorganic compounds without C-H bond,
which contains 100,000 compound catalogues so far, making
it an authoritative inorganic crystal structure database in the
world..eMSI Eureka database in Germany collects data on
phase diagrams, phase reactions, and thermodynamics of
inorganic materials since 1894, which is a numerical and
instrumental database. It is also the largest rigorously
evaluated phase diagram resource database in the world,
covering all published inorganic material systems [69].

.e high-temperature nuclear reactor material database
(MatDB) and literature management database (DoMa) in
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the Netherlands provide thermodynamic and thermo-
physical performance data of nuclear reactor materials at
low or high-temperature environment.

.e MatNavi database system established by National
Institute for Materials Science (NIMS) in Japan possesses
nine basic material performance databases, five structural
material databases, three engineering application data-
bases, and five data application systems, covering data
information of polymer, inorganic nonmetal, metal, ce-
ramic, alloy, superconducting, composite, and diffusion
materials. MatNavi database possesses nearly 140,000
registered users from more than 26,000 organizations in
160 countries [70].

.e Materials Genome Engineering Databases (MGED)
established in 2018 in China is an integrated system platform
of database and application software based on the idea and
concept of materials genome engineering, including high-
throughput computing engine, interatomic potentials da-
tabase, materials database, materials data mining system,
high-throughput experimental data processing software, and

paper information assisted extraction software functional
modules, possessing more than 77000 pieces of material
data. Materials Data Sharing (MSDSN) is the core platform
of material data sharing and also a relatively systematic
online database in China, covering the fields of material
foundation, ferrous metal materials, organic polymer ma-
terials, information materials, energy materials, biomedical
materials, etc., integrating more than 610,000 pieces of
material data.

4. Development Trends and Suggestions

Constructing and developing high-throughput calcula-
tion, high-throughput experiment, and materials database
technologies and making full use of the cognition of in-
terrelationships among material composition, process,
microstructure, and mechanical properties in traditional
materials science field based on the existing massive exper-
imental data results are of great significance to fully under-
stand and comprehensively promote the transformation and
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breakthrough of materials genome technology in the R&D
process of new materials.

Currently, materials database is developing towards sys-
tematization, networking, intellectualization, standardization,
modernization, and commercialization (see Figure 5). With
the development of information technology, the combination
of materials database and artificial intelligence technology
constitutes an expert system for material performance pre-
diction or material design, which plays an important role in
material R&D, product design, and decision-making con-
sultation [73–75]. .e standardization development of ma-
terials database will be the best way to break through the
diversity limitation and improve the efficiency of material

research. .e commercialization of materials database refers
to supporting the maintenance, operation, and development
of database using data information service through network
platform and other media to commercialize data information.
For instance, MatWeb and Total Materia are typical com-
mercial databases, which obtain operating profits through
membership, online advertising, paid consulting, and other
commercial forms [8, 76].

(1) Developing all kinds of new material genes in in-
dustry, biological medicine, military, energy, infor-
mation, and life fields in an all-round way, so as to
meet the needs of scientific research, production, and
practical application.

Table 1: Common materials databases and related information lists [24, 71, 72].

Classification Name Website

Calculation

Materials project https://www.materialsproject.org/
Open quantum materials database http://www.oqmd.org/

Harvard clean energy project http://www.ecpdb.molecularspace.org/
AFLOWLIB http://www.aflowlib.org/
MatCloud http://matcloud.cnic.cn

Crystal

CCDC https://www.ccdc.cam.ac.uk/
ICSD https://icsd.fiz-karlsruhe.de/

Crystallography open database https://www.crstallography.net
Crystal works https://cds.dl.ac.uk

Powder diffraction file https://www.icdd.com/products/index.htm
American mineralogist crystal structure database http://rruff.geo.arizona.edu/AMS/amcsd.php

LiqCryst-online http://liqcryst.chemie.uni-hamburg.de/
Inorganic crystal structure database http://cds.dl.ac.uk/cds/datasets/crys/icsd/llicsd.html

Phase diagram
MSI eureka https://search.msi-eureka.com/

FactSage database http://www.crct.polymtl.ca/fact/documentation/
Materials science international services http://www.msiwp.com/

Metal
Key to metals http://www.key-to-metals.com/

ASM alloy database https://www.asminternationa1.org/
CINDAS alloys database https://www.cindasdata.com/products/hpad

Nanomaterial Nanomaterials registry https://www.nanomaterialregistry.org
NanoHUB https://www.nanohub.org

Chemical

Reaxys https://www.elsevie.com/solutions/reaxys
Scifinder/chem.abstracts https://scifinder.cas.org

ChemSpider https://www.chemspider.com
Database of published interatomic parameters http://www.ri.ac.uk/DFRL/researc

Smells database http://chemconnections.org/Smells/index.html
Polymer PoLyInfo http://polymer.nims.go.jp/polyinfo_top_eng.html
Glass International glass database system https://www.newglass.jp/interglad_n/gaiyo/info_e/html
Characterization AIST research information databases https://www.aist.go.jp/iste_/lisVdatabase/riodb
.ermodynamics CALPHAD https://www.opencalphad.com/index.html
Insulation NASA TPSX http://tpsx.arc.nasa.gov/
.ermoelectric UCSB-MRL thermoelectric database https://www.mr1.ucsb.edu:8080/datamine/thermoelectric.jsp
Plastics CAMPUS http://www.campusplastics.com/

Comprehensive

Matbase https://www.matbase.com
Pauling file https://www.paulingfile.com

NIST materials data repository https://materialsdata.nist.gov
Springer materials https://materials.springer.com

Citrination https://www.citrination.com
Total materia https://www.totalmateria.com/
MatWeb http://www.matweb.com/
Mat navi https://mits.nims.go.jp/

Materials data sharing http://www.materdata.cn/
Materials genome engineering databases http://www.mgedata.cn

Materials resource registry https://materials.registry.nist.gov/
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(2) Currently, one of the obstacles in the development of
materials genome is the lack of data storage stan-
dards due to the diversity of materials research.
Different countries or regions often adopt different
data standards; thus it is difficult to directly exchange
data between different systems, and the information
sharing is limited to some extent. All countries
should actively carry out the standardization of
materials database, strengthen international ex-
changes and cooperation, and jointly formulate in-
ternational standards for database structure and data
storage.

(3) Material data are often dispersed in the hands of
enterprises or individuals, resulting in the isolation
and lack of sharing of different databases. .erefore,
it is necessary to improve the sharing mechanism of
databases, improve the effective incentive mecha-
nism for materials data sharers, strengthen the re-
sults utilization efficiency, and avoid repeated
investment and R&D.

(4) .e acquisition process of material data is relatively
complex, which possesses strong intellectual prop-
erty attribute. While data sharing is the general
trend, on the one hand, various countries should
actively establish open platforms to realize source
code sharing and protect the intellectual property
rights of data through unique identification to
prevent the abuse of shared data. On the other hand,
various countries should actively formulate relevant
rules and regulations and legal provisions to ensure
the coordination and unification of privacy and
openness of material data.

(5) .e modernization and commercialization of ma-
terials database are great driving forces to promote
the R&D and industrialization of materials database.

.erefore, on the basis of formulating unified data
standards and technical specifications, it is necessary
to pay attention to the commercialization degree,
update, and improvement of products, expand the
commercialization scale of database, and make the
maintenance and operation of database possess ef-
fective commercial mechanism, so as to realize the
social and economic benefits of material data.

(6) Close cooperation professional groups around the
research, development, preparation, application, and
evaluation of MGI should be established. .e
combination of materials genome with artificial
intelligence, machine learning, and expert system
should be emphasized to help understand and dis-
cover the correlation between various material pa-
rameters and properties, reduce the dependence of
reliable predictive models on prior data, and improve
the development efficiency and benefit of materials
database.

5. Conclusions

Today, materials genome, artificial intelligence, block chain,
etc. are the most potential innovative breakthrough tech-
nologies. Materials genome can help accelerate the R&D and
deployment of new materials, as well as better predicting
how the parameters in the manufacturing process affect the
performance of the final materials and products, and then
achieve the control of product performance.

With the development of electronic information tech-
nology, data has become the most core resource and the
necessary foundation to accelerate the development of
material science. With the continuous improvement of
computational simulation capability, high-throughput ma-
terial calculation will become one of the important sources

Systematization

CommercializationModernization

Standardization Intellectualization

Networking

Artificial intelligence,
machine learning, etc.Setting international

standards

Material database 

Figure 5: Developing trends of materials database.
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of huge amounts of data. High-throughput material ex-
periment will continuously and effectively provide data
sources for calculation and database. Materials database will
play a more important role in new material design, material
selection, process formulation, material performance pre-
diction, product design, and safety assessment. .erefore, all
countries in the world, especially developing countries,
should seize the development opportunity of materials ge-
nome and accelerate the R&D and construction of infor-
mation infrastructure including material software, database,
model, tool, platform, etc., so as to provide information
support for rapid and low-cost R&D of new materials in the
whole chain from theoretical design, preparation and
characterization, organization, and process optimization to
performance evaluation [77, 78].

Conflicts of Interest

.e authors declare that they have no conflicts of interest.

Acknowledgments

.e authors express their sincere thanks to National Science
and Technology Library Project (2018XM06) for the fi-
nancial support.

References

[1] R. J. Xiao, H. Li, and L. Q. Chen, “Development of new lithium
battery materials by material genome initiative,” Acta Physica
Sinica, vol. 67, no. 12, pp. 309–318, 2018.

[2] P. He and P. P. Lin, “.e systematic project involving brazes
development and intelligent brazing technology innovation: a
materials genome perspective,” Materials Review, vol. 33,
no. 1, pp. 156–161, 2019.

[3] H. Lin, J. X. Zheng, Y. Lin, and F. Pan, “.e development of
material genome technology in the field of new energy ma-
terials,” Energy Storage Science and Technology, vol. 6, no. 5,
pp. 990–999, 2017.

[4] J. W. Luo and S. S. Li, “Semiconductor materials genome
Initiative: silicon-based light emission material,” Acta Physica
Sinica, vol. 20, pp. 1–13, 2015.

[5] Y. Liu and X. J. Fan, “Mechanism of patent sharing with
government-production-university-institute-application in-
tegration: an analysis based on the research of materials
genome engineering,” Journal of Shanghai University (Natural
Science Edition), vol. 24, no. 5, pp. 829–840, 2018.

[6] Z. Liu, “Perspective on materials genome,” Chinese Science
Bulletin, vol. 59, no. 15, pp. 1619–1623, 2014.

[7] J. C. Zhao, “A perspective on the materials genome initiative,”
Chinese Journal of Nature, vol. 2, pp. 89–104, 2014.

[8] J. A. Christodoulou, “Integrated computational materials
engineering and materials genome initiative: accelerating
materials innovation,” Advanced Materials & Processes,
vol. 171, no. 3, pp. 28–31, 2013.

[9] J. J. de Pablo, B. Jones, C. L. Kovacs, V. Ozolins, and
A. P. Ramirez, “.e materials genome initiative, the interplay
of experiment, theory and computation,” Current Opinion in
Solid State and Materials Science, vol. 18, no. 2, pp. 99–117,
2014.

[10] Y. J. Guan, L. Chen, and J. S. Wang, “Materials genome
technology and its development trend,” Journal of Aero-
nautical Materials, vol. 36, no. 3, pp. 71–78, 2016.

[11] Y. Xiang, Z. K. Yan, Y. L. Zhu, and X. K. Zhang, “Progress on
materials genome technology,” Journal of University of
Electronic Science and Technology of China, vol. 45, no. 4,
pp. 634–649, 2016.

[12] G. B. Olson, “Genomic materials design: the ferrous frontier,”
Acta Materialia, vol. 61, no. 3, pp. 771–781, 2013.

[13] G. B. Olson and C. J. Kuehmann, “Materials genomics: from
CALPHAD to flight,” Scripta Materialia, vol. 70, pp. 25–30,
2014.

[14] X. Shi, J. Yang, L. D. Chen, J. H. Yang, and W. Q. Zhang,
“Materials-genome approach speeds up optimization of
thermoelectric materials,” Science & Technology Review,
vol. 33, no. 3, pp. 60–63, 2015.

[15] Z. C. Shen, W. Dai, and Z. L. Ma, “Genetic engineering for
aerospace materials and related key technologies,” Spacecraft
Environment Engineering, vol. 34, pp. 324–329, 2017.

[16] Office of Science and Technology Policy, Materials Genome
Initiative for Global Competitiveness, Office of Science and
Technology Policy, Washington, DC, USA, 2011, http://www.
whitehouse.gov/sites/default/files/microsites/ostp/materials_
genome_initiative-final.pdf.

[17] J. C. Liu, D. Y. Wang, S. H. Li, Y. W. Chen, and H. Z. Wei,
“Advance on materials genome initiatives,” Journal of Intel-
ligence, vol. 1, pp. 61–66, 2015.

[18] Y. Wan, R. H. Feng, and G. F. Wang, “Comparison analysis
and implications of U.S. and European materials genetic
engineering policy,” Science and Technology Management
Research, vol. 34, no. 23, pp. 69–72, 2014.

[19] European Science Foundation, Advanced Concepts in Ab-
Initio Simulations of Materials (Psi-k2), European Science
Foundation, Strasbourg, France, 2011, http://www.esf.org/
index.php?id�7762.

[20] H. Wang, Y. Xiang, X. D. Xiang, and L. Q. Chen, “Materials
genome enables research and development revolution,” Sci-
ence & Technology Review, vol. 33, no. 10, pp. 13–19, 2015.

[21] D. Q. Zhang, C. T. Wu, C. J. Lu, and H. Z. Du, “Research and
development of the technical platform for materials database,”
Journal of Shanghai University of Electric Power, vol. 27, no. 5,
pp. 528–533, 2011.

[22] Z. Y. Gao and G. Q. Liu, “Recent progress of web-enable
material database and a case study of NIMS and MatWeb,”
Journal of Materials Engineering, vol. 11, pp. 89–96, 2013.

[23] G. Hautier, A. Jain, H. Chen, C. Moore, S. P. Ong, and
G. Ceder, “Novel mixed polyanions lithium-ion battery
cathode materials predicted by high-throughput ab initio
computations,” Journal of Materials Chemistry, vol. 21, no. 43,
pp. 17147–17153, 2011.

[24] Y. Xiao, L. J. Miara, Y. Wang, and G. Ceder, “Computational
screening of cathode coatings for solid-state batteries,” Joule,
vol. 3, no. 5, pp. 1252–1275, 2019.

[25] M.-X. Li, S.-F. Zhao, Z. Lu et al., “High-temperature bulk
metallic glasses developed by combinatorial methods,” Na-
ture, vol. 569, no. 7754, pp. 99–103, 2019.

[26] M. G. McDowell and I. G. Hill, “Rapid thermal conductivity
measurements for combinatorial thin films,” Review of Sci-
entific Instruments, vol. 84, no. 5, Article ID 053906, 2013.

[27] S. K. Suram and L. Zhou, “Combinatorial thin film compo-
sition mapping using three dimensional deposition profiles,”
Review of Scientific Instrument, vol. 86, no. 3, Article ID
033904, 2015.

Advances in Materials Science and Engineering 9

http://www.whitehouse.gov/sites/default/files/microsites/ostp/materials_genome_initiative-final.pdf
http://www.whitehouse.gov/sites/default/files/microsites/ostp/materials_genome_initiative-final.pdf
http://www.whitehouse.gov/sites/default/files/microsites/ostp/materials_genome_initiative-final.pdf
http://www.esf.org/index.php?id=7762
http://www.esf.org/index.php?id=7762


[28] X. Wang, L. L. Zhu, J. Fang, J. Liu, H. Y. Qi, and L. Jiang,
“Applications of materials genome engineering,” Science
&Technology Review, vol. 33, no. 10, pp. 79–86, 2015.

[29] X. Liu, Y. Shen, R. Yang et al., “Inkjet printing assisted
synthesis of multicomponent mesoporous metal oxides for
ultrafast catalyst exploration,” Nano Letters, vol. 12, no. 11,
pp. 5733–5739, 2012.

[30] D. Lee, G. D. Sim, K. C. Xiao, Y. S. Choi, and J. J. Vlassak,
“Scanning AC nanocalorimetry study of Zr/B reactive mul-
tilayers,” Journal of Applied Physics, vol. 114, no. 21, Article ID
214902, 2013.

[31] S. S. Mao, “High throughput growth and characterization of
thin film materials,” Journal of Crystal Growth, vol. 379,
pp. 123–130, 2013.

[32] Y. K. Yoo and X. D. Xiang, “Combinatorial material prepa-
ration,” Journal of Physics: Condensed Matter, vol. 14, no. 2,
pp. 49–78, 2002.

[33] H. Z. Wang, H. Wang, H. Ding, X. D. Xiang, Y. Xiang, and
X. K. Zhang, “High throughput experimentation for materials
genome,” Science & Technology Review, vol. 33, no. 10,
pp. 31–49, 2015.

[34] J.-C. Zhao, Y. Xu, and U. Hartmann, “Measurement of an iso-
curie temperature line of a Co-Cr-Mo solid solution by
magnetic force microscopy imaging on a diffusion multiple,”
Advanced Engineering Materials, vol. 15, no. 5, pp. 321–324,
2012.

[35] D. Goll, R. Loeffler, J. Herbst et al., “Novel permanent magnets
by high-throughput experiments,” JOM, vol. 67, no. 6,
pp. 1336–1343, 2015.

[36] B. Baufeld, O. Van der Biest, and R. Gault, “Additive
manufacturing of Ti–6Al–4V components by shaped metal
deposition: microstructure and mechanical properties,” Ma-
terials & Design, vol. 31, no. 1, pp. 106–111, 2010.

[37] Q. Nian, Y. F. Wang, Y. L. Yang et al., “Direct laser writing of
nanodiamond films from graphite under ambient condi-
tions,” Scientific Reports, vol. 4, p. 6612, 2014.

[38] J. A. Clayhold, B. M. Kerns, M. D. Schroer et al., “Combi-
natorial measurements of hall effect and resistivity in oxide
films,” Review of Scientific Instruments, vol. 79, no. 3, Article
ID 033908, 2008.

[39] J.-C. Zhao, “.e diffusion-multiple approach to designing
alloys,” Annual Review of Materials Research, vol. 35, no. 1,
pp. 51–73, 2005.

[40] J.-C. Zhao, X. Zheng, and D. G. Cahill, “.ermal conductivity
mapping of the Ni–Al system and the beta-NiAl phase in the
Ni–Al–Cr system,” Scripta Materialia, vol. 66, no. 11,
pp. 935–938, 2012.

[41] M. P. Echlin, A. Mottura, C. J. Torbet, and T. M. Pollock, “A
new TriBeam system for three-dimensional multimodal
materials analysis,” Review of Scientific Instruments, vol. 83,
no. 2, Article ID 023701, 2012.

[42] R. A. Potyrailo and V. M. Mirsky, “Combinatorial and high-
throughput development of sensing materials: the first 10
years,” Chemical Reviews, vol. 108, no. 2, pp. 770–813, 2008.

[43] P. J. Mccluskey and J. J. Vlassak, “Combinatorial nano-
calorimetry,” Journal of Materials Research, vol. 25, no. 11,
pp. 2086–2100, 2011.

[44] X. D. Xiang, “High throughput synthesis and screening for
functional materials,” Applied Surface Science, vol. 223,
no. 1–3, pp. 54–61, 2004.

[45] B. Chen, N. Wang, and X. M. Zhang, “Microfluidic photo-
electrocatalytic reactors for water purification with an inte-
grated visible-light source,” Lab on a Chip, vol. 12, no. 20,
pp. 3983–3990, 2012.

[46] Y. K. Yoo, Q. Xue, Y. S. Chu et al., “Identification of
amorphous phases in the Fe-Ni-Co ternary alloy system using
continuous phase diagram material chips,” Intermetallics,
vol. 14, no. 3, pp. 241–247, 2006.

[47] J. M. Gregoire, D. G. Van Campen, C. E. Miller, R. J. R. Jones,
S. K. Suram, and A. Mehta, “High-throughput synchrotron
X-ray diffraction for combinatorial phase mapping,” Journal
of Synchrotron Radiation, vol. 21, no. 6, pp. 1262–1268, 2014.

[48] X. J. Wu and J. L. Yang, “Rational design and computational
simulation of materials,” Bulletin of National Natural Science
Foundation of China, vol. 32, no. 1, pp. 85-86, 2018.

[49] P. C. Cho, P. L. Li, and L. B. Song, “Forming process based on
high throughput calculation,” Journal of Netshape Forming
Engineering, vol. 11, no. 2, pp. 1–88, 2019.

[50] B. Seiser, R. Drautz, and D. G. Pettifor, “TCP phase pre-
dictions in Ni-based superalloys: structure maps revisited,”
Acta Materialia, vol. 59, no. 2, pp. 749–763, 2011.

[51] B. Hallstedt, N. Dupin, M. Hillert et al., “.ermodynamic
models for crystalline phases. Composition dependent models
for volume, bulk modulus and thermal expansion,” Calphad,
vol. 31, no. 1, pp. 28–37, 2007.

[52] Y. Wang and J. Li, “Phase field modeling of defects and
deformation,” Acta Materialia, vol. 58, no. 4, pp. 1212–1235,
2010.

[53] F. Roters, P. Eisenlohr, L. Hantcherli, D. D. Tjahjanto,
T. R. Bieler, and D. Raabe, “Overview of constitutive laws,
kinematics, homogenization and multiscale methods in
crystal plasticity finite-element modeling: theory, experi-
ments, applications,” Acta Materialia, vol. 58, no. 4,
pp. 1152–1211, 2010.

[54] M. P. Adersson, T. Bligaard, A. Kustov et al., “Toward
computational screening in heterogeneous catalysis: pareto-
optimal methanation catalysts,” Journal of Catalysis, vol. 239,
no. 2, pp. 501–506, 2006.

[55] S. Curtarolo, W. Setyawan, S. Wang et al., “AFLOWLIB.ORG:
a distributed materials properties repository from high-
throughput ab initio calculations,” Computational Materials
Science, vol. 58, pp. 227–235, 2012.

[56] W. Setyawan, R. M. Gaume, S. Lam, R. S. Feigelson, and
S. Curtarolo, “High-throughput combinatorial database of
electronic band structures for inorganic scintillator mate-
rials,” ACS Combinatorial Science, vol. 13, no. 4, pp. 382–390,
201l.

[57] K. Yang, W. Setyawan, S. Wang, M. Buongiorno Nardelli, and
S. Curtarolo, “A search model for topological insulators with
high-throughput robustness descriptors,” Nature Materials,
vol. 11, no. 7, pp. 614–619, 2012.

[58] G. Hautier, A. Jain, S. P. Ong et al., “Phosphates as lithium-ion
battery cathodes: an evaluation based on high-throughput Ab
initio calculations,” Chemistry of Materials, vol. 23, no. 15,
pp. 3495–3508, 2011.

[59] A. Jain, G. Hautier, C. J. Moore et al., “A high-throughput
infrastructure for density functional theory calculations,”
Computational Materials Science, vol. 50, no. 8, pp. 2295–
2310, 2011.

[60] X. Y. Yang, J. Wang, J. Ren et al., “An integrated high-
throughput computational material platform,” Chinese
Journal of Computational Physics, vol. 34, no. 6, pp. 697–704,
2017.

[61] X. Y. Yang, R. J. Yu, J. Wang, X. S. Zhao, Z. G. Wang, and
J. L. Song, “Computational and data management based on
material genome initiative,” Science & Technology Review,
vol. 34, no. 27, pp. 62–67, 2016.

10 Advances in Materials Science and Engineering



[62] S. G. Ling, J. Gao, G. Chu et al., “Application of high-
throughput calculations for screening lithium battery mate-
rials,” Materials China, vol. 34, no. 4, pp. 272–281, 2015.

[63] H. Q. Yin, X. Jiang, R. J. Zhang, G. Q. Liu, Q. J. Zheng, and
X. H. Qu, “Role of materials data in materials innovation
development and thoughts on the existing problems,” Ma-
terials China, vol. 36, no. 6, pp. 401–405, 2017.

[64] X. G. Li, “Practice analysis about the sharing service of na-
tional materials environ-mental corrosion platform,” China
Science & Technology Resources Review, vol. 50, no. 6,
pp. 101–107, 2018.

[65] F. Wang and Y. Q. Yin, “Research and practice on the
construction of the document database in the new material
field and the analysis method of multisource information,”
Jiangsu Science & Technology Information, vol. 35, no. 7,
pp. 10–12, 2018.

[66] Z. Wang, M. Wang, Q. L. Yong, Y. H. Guo, and Y. W. Cui,
“Materials informatics and its application in materials re-
search,” Materials China, vol. 36, no. 2, pp. 132–140, 2017.

[67] J. M. Xiao, H. Wang, and C. Y. OuYang, “.e platform for
lithium ion battery materials data calculation and data mining
based on materials genome initiative,” Journal of Jiangxi
Normal University, vol. 39, no. 1, pp. 73–78, 2015.

[68] X. Li, H. Su, X. L. Chen, C. F. Yang, and G. Xie, “Present status
and future of materials database,” China Metallurgy, vol. 17,
no. 6, pp. 4–8, 2017.

[69] H. D. Liu, A. T. Tang, F. S. Pan, and R. L. Zuo, “.e present
status and development trend of materials science database,”
Materials Review, vol. 18, no. 9, pp. 5–7, 2004.

[70] Y. Li, L. Liu, W. Chen, and L. An, “Materials genome: research
progress, challenges and outlook,” Scientia Sinica Chimica,
vol. 48, no. 3, pp. 243–255, 2018.

[71] Z. Wang, X. Yang, Y. Zheng, Q. Yong, H. Su, and C. Yang,
“Integrated materials design and informatics platform within
the materials genome framework,” Chinese Science Bulletin,
vol. 59, no. 15, pp. 1755–1764, 2014.

[72] X. Y. Wang, X. Y. Yang, and X. B. Chi, “A computational
material database system,” E-science Technology & Applica-
tion, vol. 1, pp. 12–17, 2015.

[73] Q. Ma, “Development of mould material database system
supported by web,” Digital Technology and Application, vol. 9,
pp. 148-149, 2017.

[74] J. Luo and M. Yuan, “Development and application research
based on DEFORM material database,” Journal of Chongqing
Institute of Technology, vol. 32, no. 2, pp. 127–134, 2018.

[75] X. H.Wang, L. K.Wang, L. Chang, and X. H. Nie, “Design and
development of lightweight material database supporting
strength analysis,” Computer Applications and Software,
vol. 36, no. 2, pp. 93–97, 2019.

[76] H.Wang, X. D. Xiang, and L. T. Zhang, “Data +Al: the core of
materials genomic engineering,” Science & Technology Review,
vol. 36, no. 14, pp. 15–21, 2018.

[77] A. Jain, S. P. Ong, G. Hautier et al., “Commentary: the ma-
terials project: a materials genome approach to accelerating
materials innovation,” APL Materials, vol. 1, no. 1, Article ID
011002, 2013.

[78] L. Kaufman and J. Agren, “CALPHAD, first and second
generation-birth of the materials genome,” Scripta Materialia,
vol. 70, pp. 3–6, 2018.

Advances in Materials Science and Engineering 11


