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Message from Director

BRI

Five years ago, following rigorous evaluations by the Innovation
and Technology Commission (ITC) of the Government of the Hong
Kong Special Administrative Region (HKSAR Government) and the
Ministry of Science and Technology (MOST) of the People’s Republic
of China, the Hong Kong Branch of National Precious Metals Material
Engineering Research Center (NPMM) was initiated to address
the challenges relating to the development of new precious metal
technologies and to advance the key roles they play in the economy
and society. Today, the situation is even more critical than it was five
years ago. Due to the country’s limited recourses and relatively low
levels of technological development, the precious metals industries
in China are heavily reliant on imports. However, in recent years, the
intense trade disputes between countries have enhanced the need
to transform the industrial supply chain. Accordingly, there is an
urgent need for fundamental and applied research on new metallic
materials and the corresponding manufacturing technologies to
satisfy the developmental requirements of the national economy
and vital industrial sectors, and to compete in the international high
tech field.

Precious metals are essential to people’s livelihoods and the
national and international economy. At the regional level, Hong
Kong occupies a leading position in the jewelry industry in Asia.
However, the traditional chemical electro-plating method used in
jewelry is harmful to the environment and is prohibited in many
developed countries. To address this issue, our group collaborated
with Chow Tai Fook Jewellery Group Ltd in applying surface
mechanical attrition techniques (SMAT) to gold and other precious
metal jewelry, such as platinum and palladium jewelry, to improve
the surface hardness. The patented technology not only enhances
the mechanical properties of the precious metals but is also
environmentally friendly.

Hong Kong plays an active role in the Greater Bay Area (GBA). The
technologies developed by the NPMM can also be applied in the
production of high-end electronic products such as mobile phones,
which is an important sector in the GBA. Our group developed a
flexible transparent conductive metal film using sputtering-based
fabrication of a silver mesh that exhibits high electrical conductivity,
mechanical flexibility, and robustness. As these types of film are
used in the fundamental components of electronic devices and
functional materials, our optimized technology will significantly
enhance such products.
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6 Many Hands make Precious Work

At the national and international levels, in 2020, a new guiding
document was unveiled on the nation’s efforts to achieve its
peak carbon emission and carbon neutrality goals under the new
development philosophy and to emphasize the urgent need to
improve energy efficiency. Future prospects for the contributions
of the precious metal catalyst industry to the development of the
chemical, petroleum refining, petrochemical, pharmaceutical,
environmental protection, and new energy industries are very
promising. For instance, the dealloying method developed by
our group has enabled the optimization of nanoporous gold
and platinum and their alloys over large specific surface areas
with good mechanical performance, high purity, and low density
characteristics. These nanoporous alloys can be used in light-quality,
durable catalysis and energy storage devices. The pioneering
breakthroughs of NPMM members in precious metals catalysis
based on phase engineering nanomaterials (PEN) and nanocrystal/
amorphous dual phase materials will boost the development of the
technologies needed to transform national energy consumption.

High mobility is one of the main characteristics of modern life, and
safe transport is a significant concern. Recent developments in
energetic chips based on microelectromechanical systems (MEMS)
and nanomaterials have very promising applications in automobile
airbags, aeronautics and astronautics, mining, oil extraction, and
pyrotechnics. Precious metal structural and functional materials
are also widely used in equipment manufacturing and thus play a
key role in people’s daily lives and the key sectors in the national
economy.

Professor Jian LU, director of the Hong Kong Branch of National Precious Metals
Material Engineering Research Center (NPMM).
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Gold wire is one of the most commonly used bonding wires in
the electronics industry, and is an optimal choice for future high-
density electrical devices. The NPMM conducted an in-depth study
of an Au wire bonding process to develop Au wire for large-scale
applications in the microelectronics packaging industry in areas
such as microelectronics, sensing, supercapacitors, energy storage,
and catalysis. These efforts will greatly advance the industrial use of
precious metal based components with high commercial value.

These applications would not have been possible without our solid
fundamental research. The number of publications in prestigious
international journals attributable to NPMM members jumped from
105 in 2017 to 188 in 2021. This 79% increase confirms the leading
position of the NPMM in the fields of advanced metallic materials
and nanomechanics. In the past five years, our members have
published a total of 772 papers in the world's leading journals,
including two papers published in Nature, one of which was the
cover story, and five published in Science. During the last five
years, 52 invention patents, including 36 US patents and 11 China
patents, were granted to NPMM members, while 51 other patent
applications were filed with NPMM members as key inventors. To
translate these inventions to the market, two start-up companies
have obtained HK$1 million in angel fund support from the HK Tech
300 initiative, respectively.

We are grateful for the guidance we have received from MOST and
the support provided by the ITC. This strong support has enabled
the NPMM to strengthen its research infrastructure and capacity
to facilitate advanced research. We are grateful for the guidance
we have received from MOST and the support provided by the
ITC. This strong support has enabled the NPMM to strengthen its
research infrastructure and capacity to facilitate advanced research.
Our members have acquired approximately HK$200million in
funding as Principal Investigator or Project Coordinator in a wide
range of research projects, including the Research Grants Council
(RGC) of HKSAR through the Areas of Excellence (AoE) Scheme,
Collaborative Research Fund (CRF), and Theme-based Research
Scheme (TBRS), the National Key Research and Development
Program of MOST, and the Major Program of the National Natural
Science Foundation of China (NSFC). In addition, our team
developed the ultrasensitive Surface enhanced Raman spectroscopy
(SERS) precious metal sensors for the InnoHK project’'s Hong Kong
Center for Cerebro-cardiovascular Health Engineering (COCHE),
funded by grants from the Innovative Technology Fund (ITF) under
ITC. In 2021, the NPMM started to recruit associate members from
other local universities to establish a robust platform for research
on precious metals. We now have three associate members from
the Chinese University of Hong Kong (CUHK), the Hong Kong
Polytechnic University (PolyU), and the Hong Kong University of
Science and Technology (HKUST). We would also like to take this
opportunity to acknowledge the valuable contributions of former
team members, Professor Kowksum CHAN and Dr. Xinrui NIU, to
the development of the NPMM.
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8 Many Hands make Precious Work

In view of the increasing demand for precious metal based
components, the NPMM will continue to conduct fundamental
and applied research on the development and integration of new
materials, develop comprehensive and systematic insights on new
materials and prototypes of related technologies, promote the
translation of research into products, and achieve real engineering
applications based on our research. In the coming five years, the
NPMM aims to leverage its advantages in Hong Kong to become a
focal point for research on precious metals and nanomaterials and
to connect to mainland China and the world.
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Professor Jian LU (left), Director of NPMM, and Professor Chain Tsuan LIU (right), Deputy Director of NPMM.
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10 Many Hands make Precious Work

Operation Platform
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Management Management
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An Advisory Steering Committee Meeting is held annually with the
management of the Sino-Precious Metals Holding Co., Ltd., to discuss
collaboration plans and research directions.
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Mission
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Build the branch into a strategic and
complementary partner of the CNERC
for Precious Metals as well as an
important base to perform high level
research; hence, it will have the function
of gathering and training outstanding
scientists, and carrying out academic
exchanges;

EADBRBBER I REMARPOEES
BRENRBEMEFESERE  LRAET
SRR - BEME LB RMNET
BIRRNEZEEM

Make a substantial amount of
internationally influential and creative
achievements systematically in the study
of key basic theories for developing
precious metals and nanomaterials;
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Build a strong research team composed
of leading international scientists and
influential young experts; and

BY —XHERERNERNERENNF
EEFAMARAIFFTEE

Reach the internationally advanced
level in design, preparation and
characterization of precious metals and
nanomaterial as well as devices using
of;

HESBNAKMRIRET - B - REA
KEHHEEDEMRTEKRE

Obtain important outcomes in the
fundamental and applied research of
precious metals and nanomaterials for
national economy and breakthroughs in
technology transfer.
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Introduction to the Hong Kong Branch of National Precious Metals Material

Engineering Research Center (NPMM)

B 2% 5 < @ A B TRE B HE S OB O (BeEabO ) i

Eight elements of precious metals include:

(From left to right): Gold, Silver, Platinum, Palladium, Rhodium, Iridium, Osmium and Ruthenium.

NEBSBEE
(EZEHE)S B - 8 - B &

The elements of precious metals, which include gold, silver,
platinum, palladium, rhodium, iridium, osmium and ruthenium, have
specific atomic structures and physical and chemical characteristics,
such as high-temperature anti-oxidation, resistance to corrosion,
excellent electricity conductivity and high catalytic activity.

As research on precious metals is closely related to the electronics,
information technology, catalyst, and jewelry industries, it plays an
important role in Hong Kong’s economy. For instance, gold, silver
and platinum are well-known as materials for jewelry and watches;
however, like other precious metals, they also have wide industrial
applications. All mobile devices contain precious metals and all
computer chips use gold. High-end computers have an even higher
demand for extremely small amounts of interconnected gold metal.
Precious metals are also excellent catalysts and are very efficient
in the storage of energy. They can be used in alloy and aviation
applications because of their anti-oxidation characteristics at high
temperatures.

The Hong Kong Branch of the National Precious Metals Material
Engineering Research Center (NPMM) at City University of Hong
Kong (CityU) was established in December 2015 with approval from
the Ministry of Science and Technology (MOST) of the People's
Republic of China. It formed part of the second batch of Hong
Kong branches of Chinese National Engineering Research Centers,
nominated and sponsored by the Innovation and Technology
Commission (ITC) of the Government of the Hong Kong Special
Administrative Region (HKSAR Government). CityU is devoted to
expanding its cooperation with mainland educational and scientific
research institutions, especially in combination with Hong Kong and
mainland research institutes, to develop high-technology industries
that can make positive advances. Accordingly, the NPMM was jointly
established by CityU and the National Research Centre for Precious
Metal Materials and Engineering Technology at Kunming Institute of
Precious Metals (KIPM).
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14 Many Hands make Precious Work

Known as the “cradle of platinum studies,” KIPM is the backbone of
expertise and technology innovation in precious metals in China.The
Chinese National Engineering Research Center for Precious Metals
(CNERC for Precious Metals) was founded in 2008 and involved KIPM
supervised by the China Nonferrous Metals Industry Corporation
and Yunnan Provincial Science and Technology Committee. With
its strong basic research capacity and comprehensive abilities in
applied technology development, KIPM is the main knowledge
and technology innovation power in the country’s precious metals
industry, providing engineering verification and assessment for
scientific research achievements.

With its expertise in the field, CityU is a leading institute in research
on advanced structural materials. The Center for Advanced Structural
Materials (CASM) was set up in 2011 with a team of experts in the
field of precious metallic materials. The team is considered one of
the best research groups in both Hong Kong and wider China in the
field of nano-structured materials and nano-mechanics. Before the
establishment of the NPMM, the team had already supervised 77
research projects related to precious metals and nanomaterials, with
over HKD 160 million in national and local funding, such as from
MOST and RGC. These achievements provided a firm foundation for
the NPMM'’s progress in industrialization and knowledge transfer.
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The award ceremony of NPMM is officated by
government officials of the Ministry of Science and
Technology (MOST) of the People’s Republic of China
and the Innovation and Technology Commission (ITC) of
the Government of the Hong Kong Special Administrative
Region (HKSAR Government).
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The development and application of advanced materials is an
important indicator of social productivity. In modern history,
research and development of advanced materials, manufacturing
and processing technology, and the integration of the design of
the end products has not only promoted the progress of human
civilization and societal development but also reflects a country’s
comprehensive science and technology development strength.
However, the study and development of new materials in China is
still far behind that in industrially developed countries, which makes
it difficult to fully meet the needs of the national economy and of
high-technology industrial development. Hence, there is an urgent
need in China to expand basic and applied research on new metallic
materials and related manufacturing technologies.

The precious metals and nanomaterials developed in China
have always lacked originality, having been built upon processes
imported from abroad and adapted to suit local circumstances. In
recent years, the development of precious metals and nanomaterials
in the country has focused on industrialization. Limited resources
of precious metal elements have hindered the development of
precious metals research. Outside of KIPM and Sino-Precious Metals
Holding Co., Ltd., there are few enterprises with an independent
research capacity in precious metals, and most of the research
in China has been conducted in universities or other research
institutions. Because of a lack of collaboration between industry and
research institutions, most scientific research institutions are biased
toward theoretical research and basic science, resulting in practical
technological research having a lower profile. Hence, scientific
research and industrial production are imbalanced at present, with
an increasing lack of professional expertise and technical training.
More systematic research must be conducted to reach industrial-
scale production in the foreseeable future.

The Chinese Central Government has been fully aware of the issue
for some time. The “12th Five-Year Plan (2011-2015) for National
Economic and Social Development" highlighted the importance of
developing metallic materials with high strength, low weight and
high performance. A fabrication process for new materials and their
applications to new energy and medicine is one of the eight key
scientific issues proposed by the outline of “The National Medium-
and Long-Term Program for Science and Technology Development
(2006-2020).” To meet this strategic need, the top priority is to
develop a new generation of low-cost precious metallic materials
with high performance. Given the current status of energy materials,
the search for safe, stable and green energy has important national
strategic significance and is closely related to China’s overall
sustainable development.
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To reduce the gap between Hong Kong/mainland China and
developed countries in the application and industrialization of
precious metals and nanomaterials, it is necessary to strengthen
exchanges and cooperation between domestic and international
researchers in related fields. Although mainland academic
institutions have done tremendous work in this area, their focus
is mainly on recipe design and reformation theory, which is some
distance from industrialization and engineering applications.
To address this pain point, the NPMM entered into a long-term
collaboration agreement with Sino-Precious Metals Holding Co., Ltd.,
a leading enterprise in precious metal production and development,
to conduct systematic research to improve manufacturing
techniques for large-scale commercialization and industrialization.
With a stable team led by the Chinese Academy of Engineering in
scientific research and production, Sino-Precious Metals Holding
Co., Ltd. provide sufficient space and capability to help promote the
development of precious metals and their industrial application.

Through a six-year effort, the NPMM is now a strategic platform
for the promotion of the research and application of precious
metal elements and nanomaterial engineering technology, and a
place where talents are cultivated and academic exchanges and
collaborations are forged. As a research center of international
standard, the NPMM contributes to the economy of Hong Kong
and mainland China by driving forward industrialization and
commercialization. In the future, the NPMM will continue to
enhance the competitiveness of mainland China and Hong Kong
by advancing technology and strengthening collaborative links,
ultimately helping the country to achieve an internationally leading
position in the field of precious metal elements and nanomaterial
engineering technology.

NPMM members take photo with government officials at the award ceremony of NPMM.
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Milestones

REHL

2015

Establishment: In December, the Hong Kong Branch
of the National Precious Metals Material Engineering
Research Centre (NPMM) at City University of Hong
Kong (CityU) was established, with approval from the
Ministry and financial support ITC.

BRI BEEHAE (KA) BRZREE - FEAIFNH
REEE R 12 ARNBERESBMH TERMHEH O
E\iﬁﬁq:’t’\ (ﬁﬁ%ﬁj\ﬁplt\) o

2016

Funding Support: In August, NPMM received its first
ITC reimbursement.

Reugl: SBIP LR 8 ABIEBANNKRERE
BEIFIR -

2017

Industrial Collaboration: NPMM began a close
collaboration with Sino-Precious Metals Holding Co.,
Ltd., on the industrialization of high-purity gold and
silver production for electronic applications. Frequent
meetings have been held between the company and
NPMM to share state-of-the-art technologies.

THRLH: BEEHPOREAEREMIMHLRE
BARLAT (BLBEE) BHAE BERETFIEAE
HEEMHHERABERNER  ERRENTAR
HEHT AR -

20 Many Hands make Precious Work

o

Industrial Collaboration: The collaboration between
NPMM and Chow Tai Fook Jewellery Group Ltd.
resulted in the granting of a Chinese technology
patent. This technology not only dramatically reduces

the cost of producing gold jewelry but also enables
energy savings.

IBmFal  BAAERESERRATDLRTEN 4
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Industrial Penetration: In November, NPMM
participated in the two-day Discussion Forum on
Precious Metals in China. Organized by Sino-Precious
Metals Holding Co., Ltd., the forum is one of the most
influential events in the precious metals industry.

IMARR  SE2BOTOSRELHMANTEESER
B ZwmBHENHEROAERIAAR  RHIEEESE
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Enhancing Research Facilities: In November, the
renovation of the new NPMM laboratories at CityU
was completed. These state-of-the-art laboratories
include electrochemical workstations and additive
manufacturing facilities; workstations for the
performance testing of batteries, semiconductors,
and other electronic applications; and workstations
for thermodynamic analysis of the dynamic and
static behavior of precious metals. These facilities
complemented the existing Surface Mechanical
Attrition Treatment (SMAT) section and the new
magnetron sputtering system, and thus the NPMM
began to take shape.

IEERTARGE : FEREE 11 ARITIRARE  FE5
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Promoting Academic Exchange: In June, NPMM held
the 14th International Conference on Nanostructured
Materials at CityU. This event attracted 600 participants
from over 35 countries and regions.

REBHZR : ESBEITORMA 6 BHEBHHAE
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Talent Recruitment: Professor Hua ZHANG, Herman
Hu Chair Professor of Nanomaterials, Chair Professor
of the Department of Chemistry (CHEM) and of the
Department of Materials Science and Engineering
(MSE), and Dr. Zhanxi FAN, Assistant Professor of
Chemistry (CHEM), joined NPMM. Professor Zhang
is a world expert in the two-dimensional structure
of materials, especially precious metals, and has
led his group to conduct research on (crystal-)phase
engineering of novel noble metal nanomaterials
and controlled epitaxial growth of noble metal
heterostructures. The results of this research could
have broad applications, such as in catalysis, clean
energy, (opto-)electronic devices, and nano- and
biosensors. Under Professor Zhang’s supervision
at Nanyang Technological University (Singapore),
Dr. Fan’s research projects mainly included the
controlled synthesis of novel metal nanomaterials,
the design and preparation of functional metal-based

heteronanostructures, and the catalytic conversion of
small molecules.

BRAT - ERF_HETBER - LER - HHRBER
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Industrial Penetration: In December, NPMM
participated in the three-day Discussion Forum on
Precious Metals in China for the second consecutive
year.
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Industrial Collaboration: With the signing of a
memorandum of intent, NPMM started collaborating
with Guangzhou KingMed Diagnostics Group Co., Ltd.
to develop a rapid surface-enhanced Raman scattering

detection-based screen for severe acute respiratory
syndrome coronavirus 2.

THREk : ESE P LEENSHERERBRERR D
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Research Collaboration: NPMM set up a Greater Bay
joint Division with Shenyang National Laboratory for
Materials Science to conduct research on precious
metals and feasibility studies of their potential
applications.

SRR EEBIPUOREBEGHENBEARAEFOE
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Promoting Academic Exchange: To adapt to COVID-19
pandemic situation, NPMM’s Annual Steering
Management Meeting and the Academic Research
Seminar were held online for the first time. Sixty-five
participants joined the seminar.
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Research Collaboration: NPMM joined the Hong Kong
Centre for Cerebro-cardiovascular Health Engineering,
which is supported financially by the ITC and was
admitted to the Inno-Health cluster of the InnoHK
Programme (a major research and development
initiative of the HKSAR Government), to develop
new treatments for cardiovascular disease using
innovative technologies that enable early detection
and intervention.

AhHAR: SLELSDPOMABTBOMOERETIEWE
Pl ZROERBRERAFNEEEDNAINEBMETE
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Promoting Academic Exchange: In November,
NPMM held the Advanced Design and Manufacturing
Conference in a hybrid mode at CityU, with support
from the NSFC and the Beijing-Hong Kong Academic
Exchange Centre (BHKAEC), to facilitate research and
development in Hong Kong and Mainland China.
Thirty-nine prominent scholars delivered speeches at
the conference.
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Talent Recruitment: Dr. Tao YANG,
Assistant Professor of MSE,
became a Member of NPMM.
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Talent Recruitment: NPMM further strengthened
its team by appointing Associate Members from
other local universities. Professor Minhua SHAO,
Chair Professor of the Department of Chemical and
Biological Engineering of HKUST, Professor Zijian
ZHENG, Professor of the Department of Applied
Biology and Chemical Technology (ABCT) of PolyU; and
Dr. Ye CHEN, Assistant Professor of the Department
of Chemistry of CUHK joined NPMM to enhance its
academic exchange with other research groups and
institutions.

RAANF  ESBIPOE-TSHRATEME  BREBE
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Talent Recruitment: Professor
Wenjun ZHANG, Chair Professor
of MSE and CHEM, became a
Member of NPMM.
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Commercialization and Entrepreneurship: LUMAT-
SERS Limited, the start-up founded by our group
member, was established to leverage Surface-
enhanced Raman spectroscopy (SERS) technology.
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NPMM Members
H R B

Prof. Chain Tsuan LIU

BUsh )1 #5%

(Deputy Director, Fellow (NAE), Foreign
Fellow (CAE), University Distinguished
Professor (CENG))

(FORIERE, FREITRRIER L, T2
B #UR )

Prof. Xiaoqgiao HE
Al pEER

(Professor, ACE)
(BEERTARIREBRER)

Dr.Yangyang LI
FHEmEL

(Associate Professor, MSE)

(MERERIREZREHRR)

Scientific Officers: 2

HBEE:2

Administrative Staff: 2
THAR:2

Prof. Jian LU
= RIS

(Director, Academician (NATF),
Chair Professor (MNE))

(FOERE EBBE XM R T
B TREBRBELR)

Prof. Hua ZHANG
RENR

(Foreign Fellow (EAS), Herman Hu
Chair Professor of Nanomaterials)

(BUNRIZBE M 5ER +  SABRARRE e
BIRFE (ARAEL))

Prof.Yang LU
BEF RS

(Professor, MNE)
(M T2 R HUR)

Dr. Zhanxi FAN
EeREEL

(Assistant Professor, CHEM)
({LERBIEHIR)

Prof. Minhua SHAO
BB ERIR

(Chair Professor, CBE, HKUST)
(BEREKE
tEREYTRERBREHRIR)
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Members from CityU
HWXHR

Prof. Xunli WANG

FREHE

(Dept. Head (PHY), Chair Professor)
(MEERATERBERR)

Prof. Yong YANG
HBEER

(Professor, MNE)
(MM IREERHE)

Dr.Tao YANG
BEEL

(Assistant Professor, MSE)
(TRIRIER TRERBIERR)

Prof. Zijian ZHENG
BBFsIEis

(Professor, ABCT, PolyU)
(BEBEIRE
ERAEMRICEBRFERZIR)

Associate Members from other Universities

HttPe BB ]

Prof. Wenjun ZHANG

SRICE RS

(Chair Professor, MSE)
(MRIRIER IRREABERIR)

Prof. Kaili ZHANG
SREARAIR

(Professor, MNE)
(M ITEERHIR)

Postdocs and Researchers

Br#EmmMRA

Ph.D
BLIHARE

Prof.Ye CHEN

R th E4%

(Assistant Professor, CHEM, CUHK)
(BB XREERPEBEHR)
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Biology & Research Scope of NPMM Members
HO s B A A

Professor Jian LU = RS

CityU

e Chair Professor of Mechanical Engineering (MNE)

e Senior Fellow of Hong Kong Institute for Advanced Study (HKIAS)

¢ Director of Hong Kong Branch of National Precious Metals Material
Engineering Research Center (since December 2015)

¢ Director of Centre of Advanced Structural Materials
(since August 2011)

e Vice-President (Research and Technology) and Dean of Graduate
Studies (15 November 2013 - 30 November 2020)

* Dean of College of Science and Engineering
(01 September 2010-14 November 2013)

His research interests are surface science and engineering,
processing and mechanical properties of nanomaterials and
advanced materials, experimental mechanics and residual stress.
Professor Jian LU has published more than 460 journal papers
including papers in Nature (cover story), Science, Science Advances,
Nature Materials, Nature Communications, Materials Today,
Advanced Materials, Physical Review Letters, Acta Materialia,
Journal of the Mechanics and Physics of Solids. His publications
have been cited more than 34,000 times. He is the inventor of more
than 67 granted patents with international extension, including 38 in
USA, 24 in China and 5 in Europe.

He was awarded in 2006 the French Knight Order of National Merit
(Chevalier de I'Ordre National du Mérite); and in 2017 the Knight of
the National Order of the French Legion of Honour (Chevalier de la
Legion D’honneur); In 2011, he was elected as an Academician of
the National Academy of Technology of France. He was the recipient
of the 12th Guanghua Engineering Science and Technology Award
in 2018, which was regarded as “the most prestigious award for
engineering and technology achievement in China”

FmmH AR
o W TRREBRHIR
 ABSEMERERKR LT
e EIRE T BM B TREMTHZE O
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(2011 E£8 B ~)
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(2013F 11 B 15 H ~2020% 11 B30 H)
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(20109 A1 H ~2013%F 11 B 14 H)

Mt = B R TE Nature, Science, Nature
Materials, Science Advances, Advanced
Materials, Materials Today, Nature
Communications, PRL, JMPS, Acta
Materials, Angewandte Chemie International
Edition, Material Science and Engineeering
R: Report, Progress in Materials Science,
Advanced Functional Materials, Advanced
Science & — i Hst L2 K 460 2% » 5| B
3.4 B)X (Google Scholar) ° £ H 1§
Be7 BERRE (SHRERM) HPEXE
BIER/S 38 18 » FREIEN{S 24 18 - WUMELS 5
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Research Scope

The research scopes and achievements of Professor Jian LU and his
team in precious metals in recent years are listed below.

(1) Develop different surface mechanical attrition treatment (SMAT)
methods for the physical preparation of superhard nanotwinned
gold, which proposes a new pollution-free process and related
alloy design methods for hard gold manufacturing.

(2) Innovation of ultrahigh sensitive nano-etched Surface Enhanced
Raman Spectroscopy (SERS) sensors, which can be used for
detection of chemical/pharmaceutical processes and food/
cosmetic ingredients, rapid screening of COVID-19-positive
patients, and early diagnosis of cardiovascular diseases, cancer,
and Alzheimer’s disease.

(3) Develop a novel wet chemical synthesis for the preparation of
precious metal nanomaterials with unconventional crystal and
amorphous phases, realized heterogeneous and amorphous/
crystalline heterogeneous precious metal nanomaterials with
different crystalline phase structures, and other unconventional
crystalline phase metal and alloy with nanostructures by using
unconventional phase precious metal nanomaterials as templates
for the epitaxial growth. These new precious metal nanomaterials
show unique physical and chemical properties and exhibit
superior catalytic performance, allowing for highly efficient
catalysts with less precious metal content and significantly lower
costs, which have good prospects for application in key areas
such as hydrogen production, solar hydrogen production, and
water pollution treatment.

(4) Develop alloy design and experimental mechanical methods
to support the transformation of the passiveness in the field
of electronic precious metal linkage materials, where Chinese
companies have an ultra-small market share, and to help develop
transparent conductive films of precious metals for flexible
smartphones.

(5) Development of key technologies in areas such as 3D/4D printing
of precious metal jewelry and ceramic carriers for complex-
shaped precious metal catalysts. These above-mentioned efforts
have opened up new pathways for the development of high-
performance precious metal nanomaterials.

7k oL
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Professor Chain Tsuan LIU 2is8 )11 38

Professor Chain Tsuan LIU is a member of National Academy of
Engineering (NAE), USA, a foreign member of Chinese Academy
of Engineering, and an academician of Academia Silica Taiwan. He
is currently a University Distinguished Professor of CityU, and a
Senior Fellow at HKIAS. He served as a Professor and Distinguished
Research Professor at University of Tennessee between 2005 and
2009; a Chair Professor under the World Class Scholar Program at
Hong Kong Polytechnic University, and a Distinguished Professor
at Auburn University, USA between 2005 and 2010. He is a world
leader in the field of intermetallic and metallic materials. He has
done pioneer work on mechanistically understanding the brittle
fracture in intermetallic alloys and intergranular fracture in noble
refractory alloys, correlation of atomic structures of bulk metallic
glasses (BMGs) with their unique mechanical properties, and
hardening of ferritic steels with various nanoparticles. His innovative
research has led to the design of new structural materials with
superior mechanical properties for engineering applications. He
has published more than 600 journal papers and been granted 29
US patents. Innovative strategies on high-strength alloy design
proposed by Professor Liu and his research team have been
published on prestigious scientific journal Science in 2018, 2020 and
2021. Professor Liu has received numerous honours and awards,
including Acta Metallurgica Gold Medal Award, the E.O. Lawrence
Award (a US President award) from USDOE, Brown Engineering
Alumni Award from Brown University, the first Henry J. Albert
Award from IPMI, Fellow Awards from five professional societies —
Japan Institute of Metals, the World Technology Network, TMS, ASM,
and IPMI, four IeR 100 Competition Awards from Industrial Magazine
USA. He was an editor and the Chief Editor of the International
Journal of Intermetallics for almost 20 years.
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Research Scope

The primary research interests of Professor Chain Tsuan LIU
are the physical metallurgy and mechanical behaviors of alloys,
nanostructured materials, intermetallic compounds, and bulk
amorphous alloys. He has accumulated considerable research
experience in alloy design, microstructural control, and mechanical
analysis of various kinds of metallic materials, especially those for
structural applications. His recent study focused on the mechanical
and environmental performance of metallic materials in extreme
environments, alloy design of high-temperature materials, and
laser-material interactions. He aimed to provide an in-depth
understanding of the thermal stability, deformation pathways, and
associated mechanical properties in advanced metallic materials and
accelerate the development of new-generation structural materials
with superior mechanical performance.
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Professor XunliWANG F{EHEE

Professor Xunli WANG is presently Head and Chair Professor in
the Department of Physics (PHY), CityU. He graduated from Peking
University with a B.S. in Physics and went to the US as a CUSPEA
scholar, receiving a PhD in Physics from lowa State University.

Prior to joining CityU in 2012, he had been working at Oak
Ridge National Laboratory in the US, rising through the ranks
to Distinguished Staff Member. He was responsible for the
design, construction, and commissioning of VULCAN, a powerful
engineering diffractometer at the Spallation Neutron Source, Oak
Ridge National Laboratory. As a senior scientist in the Neutron
Science Directorate, he led innovative research, using neutron
scattering as a primary tool, to understand deformation and phase
transformation behavior in complex materials.

While in Hong Kong, Professor Wang has dedicated his efforts
to establishing Hong Kong as an international hub for neutron
scattering research. With the support from The Croucher Foundation,
he started the biennial Croucher Summer Course on Neutron
Scattering. He was also instrumental in launching the Gordon
Research Conference series on Neutron Scattering, serving as the
inaugural Chair in 2015. In addition, he and Professor Hesheng
CHEN of the Institute of High Energy Physics, Chinese Academy of
Sciences, co-founded a joint laboratory on neutron scattering. The
joint laboratory has received financial support from The Croucher
Foundation, Hong Kong's RGC, and the Chinese Academy of
Sciences. In 2020, Professor Wang helped establish the Guangdong-
HongKong-Macau Joint Laboratory on Neutron Scattering, serving
as the Executive Director in Hong Kong. In the meanwhile, Professor
Wang has maintained an active research portfolio. His current
research interests include structure and dynamics in metallic glass,
deformation behaviors in high entropy alloys, and magneto-elastic
coupling in magnetic shape memory alloys.

Professor Wang is an elected Fellow of the American Physical
Society (APS), American Association for the Advancement of
Science (AAAS), Neutron Scattering Society of America (NSSA), and
his early work on welding residual stresses was awarded an A. F
Davis Medal by the American Welding Society.
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Research Scope

1. Neutron and synchrotron scattering

2. Phase transformation, deformation, magnetism, residual stress
determination

3. Metallic glasses, high-entropy alloys, magnetic shape memory
alloys
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Professor Hua ZHANG RZEHIS

Professor Hua ZHANG received his bachelor's and master's degrees
at Nanjing University in 1992 and 1995, respectively, and completed
his doctoral degree under the supervision of Professor Zhongfan
LIU at Peking University in July 1998. After spending a few years
as research associate/postdoctoral fellow in Katholieke Universiteit
Leuven (KULeuven), Belgium with Professor Frans C. DE SCHRYVER
and Northwestern University, USA with Professor Chad A. MIRKIN,
he started to work at Nanolnk Inc. (USA) as a Research Scientist/
Chemist in August 2003. Afterward, he worked as a Senior Research
Scientist at Institute of Bioengineering and Nanotechnology in
Singapore in November 2005. Then he joined the School of Materials
Science and Engineering in Nanyang Technological University (NTU)
as an Assistant Professor in July 2006 and was promoted to Full
Professor in September 2013. In 2019, he joined the Department of
Chemistry (CHEM) in CityU as a Chair Professor (Herman Hu Chair
Professor of Nanomaterials).

Professor Hua ZHANG's research focuses on the phase engineering
of nanomaterials, including the preparation and applications of
noble metal nanomaterials with unconventional phases. He has
published more than 550 papers (including more than 350 papers
published in journals of IF>10, such as 1 Science paper and more
than 20 papers published in Science/Nature sister journals) with total
cited times over 100,000 and H-index of 159 (Web of Science) and
168 (Google Scholar). He has filed more than 80 patent applications
including 1 China patent, 1 European patent, 3 Singapore patents
and 10 US granted patents. In 2020, he was elected as a Foreign
Fellow of European Academy of Sciences. In 2015, he was elected
as an Academician of the Asia Pacific Academy of Materials (APAM).
In November 2014, he was elected as a Fellow of the Royal Society
of Chemistry (FRSC). In 2015-2021, he was listed in the "Highly
Cited Researchers" in Chemistry and Materials Science (Clarivate
Analytics). In 2015, he was listed as one of 19 “Hottest Researchers
of Today” in the world in the World’s Most Influential Scientific Minds
2015 (Thomson Reuters, 2015). In 2014, he was listed in the "Highly
Cited Researchers 2014" in Materials Science, and also listed as one
of 17 “Hottest Researchers of Today” and No. 1 in Materials and
More in the world in the World’s Most Influential Scientific Minds
2014 (Thomson Reuters, 2014).
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Research Scope

Recently, noble metal nanomaterials have received extensive
attention due to their great promise for applications in catalysis,
electronics, biomedicine, etc. Tremendous efforts have been devoted
to tuning the composition, size, morphology, and dimensionality of
noble metal nanomaterials for manipulation of their functionalities
and properties. However, it is rare to use the concept of phase
engineering of nanomaterials (PEN), i.e., the delicate modulation
of the atomic arrangement, to adjust the intrinsic physicochemical
properties of noble metal nanomaterials which normally crystallize
into the conventional thermodynamically stable crystal phases.
To address this challenge, we have developed novel wet-chemical
methods to prepare noble metal nanomaterials with unconventional
crystal phases and amorphous phase. We have also successfully
achieved the synthesis of noble metal nanomaterials with
heterophase, including the heterophase composed of different
crystal phases and amorphous/crystalline heterophase. Moreover,
we have employed the obtained noble metal nanomaterials with
unconventional phases as templates to grow other metals and
alloys via epitaxial growth. These novel noble metal nanomaterials
with unconventional phases have shown unique physicochemical
properties and enhanced catalytic performance compared to
those with conventional phases. Our works pave new avenues for
developing high-performance noble metal nanomaterials for various
applications.
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Professor Wenjun ZHANG SR EHF

Professor Wenjun ZHANG obtained his Doctor of Philosophy
degree in 1994 from Lanzhou University. He was a postdoc at the
Fraunhofer Institute for Surface Engineering and Thin Films (1995
to 1997) and at the City U (1997 to 1998). From 1998 to 2000, he
worked as a Science and Technology Agency Fellow at National
Institute for Research in Inorganic Materials, Japan. He joined CityU
in 2000 again as a Senior Research Fellow. He is currently Chair
Professor of Department of Materials Science and Engineering
(MSE). His research focuses on thin film technology, nanomaterials
and devices, and surface and interface engineering. He received the
Beijing Science & Technology Progress Award (2nd-class award) in
1999, Japan Society of Applied Physics (JSAP) Best Paper Award
in 2002, the Friedrich Wilhem Bessel Research Award of Alexander
von Humboldt Foundation, Germany, in 2003, the Outstanding
Research Award of CityU in 2015, and President’s Award in 2019.
Professor Zhang is also the Visiting Professor in Siegen University,
Germany, Cuiying Guest Professor in Lanzhou University, Guest
Professors in National Chiao Tung University, Soochow University,
Hefei University of Technology, Technical Institute of Physics and
Chemistry (CAS), and Shenzhen Institute of Advanced Technology
(CAS). Till now he has published over 400 peer-reviewed journal
papers, and hold over 20 China/US patents.
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Research Scope

Professor Wenjun ZHANG has a long-standing devotion to the
thin-film technologies, controlled synthesis and characterization
of nanomaterials, including semiconductor nanostructures,
graphene and transition metal chalcogenides nanosheets, carbon
nanoparticles, and diamond nanostructures. In the field of thin-film
technologies, his studies involve a wide range of materials, such
as diamond and diamond-like carbon, cubic and hexagonal boron
nitride, and AIN etc. In the recent years, he and his group have also
studied extensively the synthesis of a great variety of functional
nanomaterials (e.g., diamond nanostructures, carbon nanoparticles,
graphene, and semiconductor nanostructures ) and their
applications in various fields, including electronics, sensing, energy
storage, bioimaging and cancer therapy. They have also made
effort in the electrochemical applications of nanomaterials, such as
electrocatalysis, photoelectrocatalysis, supercapacitors, lithium/
sodium ion batteries, in the last few years. Particularly, in the field
of electrocatalysis, Professor Zhang and his team have successfully
synthesized a series of non-nobel meal based electrocatalysts used
for water electrolysis, e.g., Nii-xCoxSe2 mesoporous nanosheet
networks, nickel nitride enriched with nitrogen vacancies, and MoS:2
nanosheets grown on vertical graphene for catalyzing hydrogen
evolution reaction (HER), Co3(PQO4)2-Co304 hybrid for oxygen
evolution reaction, and feroxyhyte nanosheets ( & -FeOOH) with rich
Fe vacancies for overall water splitting. Utilizing DFT calculations,
they have demonstrated the decisive effects of doping and vacancies
on the electronic structures of electrocatalysts, the adsorption and
activation of reactants, and the adsorption-desorption behavior of
intermediately species.
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Professor Xiaoqgiao HE {a] /) {&#1%

Professor Xiaogiao HE received his B.S. in Solid Mechanics from
Wuhan University of Technology, M.S. in Computational Mechanics
from Huazhong University of Science and Technology and PhD in
Dynamics from National University of Singapore, respectively. After
his graduation from National University of Singapore, he worked
as a R&D Engineer in MAINTAINER (S) PTE LTD in Singapore for
one year. Prior to joining the CityU as a lecturer in September 2005,
Professor He had four years of working experience as a Research
Fellow in the joint Research Center of Institute of High Performance
Computing and Nanyang Technological University in Singapore.
Also, he worked as a Research Fellow in CityU for two years. His
main research areas include nanomechanics of carbon nanotubes,
smart structures, computational mechanics, parallel computing
on PC environment and multiscale modeling of CNT-reinforced
composite. Over the past 15 years, Professor He's research in
these fields has resulted in over 120 SCI journal papers in various
top international journals and received a total of more than 3,500
citations (excluding self-cited ones) with h-index 32 from Web of
Science Core Collection. Professor He has co-authored four papers
with more than 200 citations each according to Web of Science Core
Collection. The paper "Buckling analysis of multi-walled carbon
nanotubes: a continuum model accounting for van der Waals
interaction by He, X.Q., Kitipornchai, S., Liew, K.M., Journal of the
Mechanics and Physics of Solids 53, 303-326, 2005" was evaluated
as the top 1% highly influential paper by Essential Science Indicators
(THOMSON ISI). This paper ranked No. 3 in Top 10 Cited articles
published in Journal of the Mechanics and Physics of Solids in 2009
and 2010. The developed explicit formulas in this paper have been
applied by many researchers from USA, Japan, UK, India, Iran and
China in their researches. Since Professor He joined CityU in 2005,
he has been a principal investigator for 17 research grants (including
seven GRF grants and two NSFC grants) with a total funding over
HK$6 million. The success rate of applying GRF is 7/9.
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Research Scope

This study used the Surface Mechanical Attrition Treatment (SMAT)
developed by the Center for Advanced Structural Materials (CASM)
to carry out special treatment on the surface of metallic shells
to achieve the control of residual stresses, so as to obtain the
preparation technology of bistable and polystable nanostructured
shells, and then developed the corresponding shape transition
actuation system to achieve controllable morphological control of
the multistable shells. Key research topics include:

. New preparation method.

. New design approach.

. Technical method for preparing multistable nanostructured shells.

. Theoretical models for predicting different morphologies of the

multistable shells.

5. Morphological conversion technology of bistable shells under
external excitation.

6. Theoretical model for the morphological transformation of
bistable shells driven by excitation.

7. Morphological conversion technology of multistable shells.

8. Aerodynamic response of the multistable nanostructured shells in
different states.

9. Aerodynamic response of the multistable nanostructured shells in

different morphological transformations under wind load.
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ProfessorYang LU BE¥Hi%

Professor Yang LU is a Professor in the Department of Mechanical
Engineering (MNE), with a joint appointment in MSE, at the CityU.
He is also Director of the Nano-Manufacturing Laboratory (NML)
at the Shenzhen Research Institute of the CityU. His research
focuses on the micro/nano-mechanics of metal and semiconductor
materials, promoting their applications in Microelectromechanical
Systems (MEMS) and advanced manufacturing. His research
team discovered "cold welding" of ultrathin metallic nanowires
and "ultralarge elasticity" of silicon and diamond at nanoscales,
and conducted the first tensile testing of free-standing monolayer
graphene. He has published over a hundred journal articles in this
field, including Science, Nature Nanotechnology, Science Advances,
and Nature Communications. He is currently the Associate Editor
of Materials Today. He was funded by the inaugural (2019) National
Natural Science Foundation of China (NSFC) "Excellent Young
Scientists Fund (Hong Kong and Macau)" and was selected as the
inaugural class of RGC of HKSAR "RGC Research Fellow (2020/21)."
He received the "Outstanding Research Award (Junior Faculty)" in
2019 and "the President's Award" in 2017 from the CityU. He is also
an Elected Member of the Hong Kong Youth Academy of Sciences
(YASHK).
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Research Scope

In the aerospace, military, and automotive industries, lightweighting
of structural materials has been one of the long-standing challenges.
As a new material, high-entropy alloy lattice material shows
extremely important application potential due to its light weight,
low density, high specific strength, and high fracture toughness.
Advances in additive manufacturing (AM) techniques have further
provided unprecedented freedom in controlling the complex
geometries and microstructures of lattice materials. Integrating
material design, lattice structure optimization and 3D printing
technology, it will achieve excellent mechanical properties and
extreme environments tolerance and provide technical support for
the development of national industries.

With the development of 5G and 6G technologies, the
semiconductor industry has shown an urgent need for high-power
and high-frequency devices. Diamond shows great application
potential in the semiconductor field due to its outstanding physical
and chemical properties (high thermal conductivity, high breakdown
field, etc.). However, intrinsic single crystal diamond (SCD) exhibits
electrical insulating properties due to its large band gap. The overall
band structure of diamond can be fundamentally altered through
deep elastic strain engineering, making it ideal for future large-
scale applications in MEMS, photonic devices, quantum information
processors, and arrays of microelectronic or nanoelectronic devices.

Precious metal nanomaterials prepared by phase engineering have
great development potential and are expected to play an important
role in catalytic reactions and clean energy. But to fully utilize these
novel materials still requires comprehensive understanding on their
structural reliability under external fields. Advanced in situ electron
microscopy platforms can be used to study the precious metallic
nanomaterials for their responses under mechanical, thermal, and
electrical loads, provide solid foundation for future applications.
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ProfessorYong YANG 5B #iS

Professor Yang obtained his Bachelor degree in mechanics and
economics (dual degree) from Peking University in 2001, MPhil
degree from HKUST in 2003, and PhD degree in solid mechanics
and materials science from Princeton University in 2007. His primary
research interest is in the development and mechanical behavior
of advanced structural materials, such as metallic glasses and high
entropy alloys. His recent research also extends to mechanics of
flexible electronics and hydrogels.
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Research Scope

The preparation of low-dimensional precious metals (including
gold, silver, platinum, etc.) plays an important role in emerging
industries in China, such as large-scale integrated circuits and their
three-dimensional packaging, flexible electronic devices, new (clean)
energy, biomedicine, environmental monitoring, etc.. Traditional
low-dimensional metals (such as two-dimensional metal films) are
mostly prepared by chemical methods, which have disadvantages
such as small surface area and limited types of metals, so they are
not suitable for large-scale integrated circuits and flexible electronic
devices. The polymer surface buckling exfoliation technology we
have developed (a US patent has been obtained) can prepare low-
dimensional different precious metals and alloy systems on a large
scale, with thicknesses ranging from 10 nm to 100 nm, and in-plane
dimensions up to 1 cm, which leads to an aspect ratio that can
reach one million or more. Therefore, they are very suitable for use
in future large-scale integrated circuits and flexible electronics. The
up-to-date research results show that low-dimensional metals, such
as 2D gold, produced by our polymer surface buckling exfoliation
technique have unique nanostructures that are not found in low-
dimensional metals prepared by other methods, and thus possess
superior physical properties.
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Professor Kaili ZHANG REARIIE

Professor Kaili ZHANG received his PhD degree from National
University of Singapore in 2006. He then worked as postdoctoral
researchers at French National Center for Scientific Research
(LAAS-CNRS) and Swiss Federal Institute of Technology Zurich
(ETH Zurich). He joined in CityU as an assistant professor in 2009.
He is now working as a professor at MNE, CityU. His research
interests include nanoenergetics-on-a-chip, energetic materials, and
nanomaterials for energy storage applications. His research results
have been published in Progress in Materials Science, Advanced
Materials, Advanced Energy Materials, Advanced Functional
Materials, Combustion and Flame, etc. with a total citation >
10,000 (h-index=55). He serves as an academic committee member
of China-Belarus International Laboratory of Vacuum Plasma
Technology and is a visiting professor at Francisk Skorina Gomel
State University, Republic of Belarus. He received the President's
Award (2016), Outstanding Teaching Award of the College of
Engineering (2019/2020), and Outstanding Supervisor Award (2017,
2018).
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Research Scope

Nanoenergetic materials have much improved performance in terms
of energy release rate, ignition, and other properties compared
to conventional energetic materials (pyrotechnics, propellants,
and explosives). Integration of nanoenergetic materials with
silicon-based microelectromechanical systems (MEMS) to achieve
functional nanoenergetics-on-a-chip (NOC) is a very promising
approach. NOC has many merits including high power output, high
reliability, suitability for integration and batch fabrication. NOC
is one key to the great advance in microactuation, microignition,
micropropulsion, microfluidics, micropower, and electro-explosive
devices at the micro and nanoscale. It has promising applications
in automobile airbags, unmanned aerial vehicle airbags, mining,
de-construction, fuses, joining, soldering, brazing, micropropulsion
systems, and many defense-related applications such as percussion
or electric primers, explosive additives, propellant rate modifiers,
arm fire and safe and arm devices used in missiles/rockets, etc.
The actuation of NOC is achieved by passing a current through a
microheater. The configurations and geometries of the microheater
are crucial to the reliability and energy consumption of the ignition.
We design and fabricate reliable Au/Pt/Cr/SiO2 microheaters on the
silicon substrate. A thick SiOz is first formed on a silicon substrate.
Metal films of Au/Pt/Cr are deposited by e-beam evaporation and
patterned using photolithography. The Cr acts as the adhesion layer
between the Pt and SiO2. The Pt serves as the resistor. Metal Au/Pt/
Cr lift-off is performed in acetone. After cleaning, the substrate with
metal films is spin-coated with resist and patterned by lithography. It
is then put into Au etchant. The Au in the designed area is removed
and the Pt is exposed as the resistor. Energetic materials are then
integrated with the Au/Pt/Cr microheaters. We use thermogravimetric
analysis and differential scanning calorimetry (TG-DSC), pressure
generation test, and high-speed video recording to investigate the
reaction process and mechanism of the energetic materials on the
microheater chip so as to provide theoretical and experimental basis
for the application of NOC.
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Dr.Yangyang LI Z=igigist

Dr. Yangyang Ll is an associate professor at MSE, CityU. Dr. Li
received her bachelor's degree from Peking University, Beijing,
Master's degree from National University of Singapore, Singapore,
and PhD degree from University of California, San Diego, USA. She
served as Research Scientist from 2004 to 2007 in Hitachi Chemical
Research Center, Irvine, CA. Afterward, she joined in CityU in May
2007.

Dr. Li has extensive experience in biomineralization materials(e.
d., amorphous calcium carbonate, amorphous calcium phosphate),
Surface enhanced Raman spectroscopy, Electrochemical
nanofabrication, electrocatalysts, etc. Dr. Li has published peer-
reviewed papers in prestigious journals including Science; Advanced
Materials; Journal of the American Chemical Society; Angewandte
Chemie International Edition; Advanced Functional Materials, etc.
She serves as Editorial Board of American Journal of Nuclear
Medicine and Molecular Imaging, Materials Letters, American
Journal of Translational Research, ect.
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Research Scope

Surface-enhanced Raman spectroscopy (SERS) technology opens
vast possibilities for applications in the fields of food safety and
disease screening due to its fingerprint characteristics, high
sensitivity, simplicity and portability. The principle is that when the
target molecule is absorbed on the surface of the noble metal with
nanoscale roughness, the scattering cross section of the target
molecule will be affected by the surface of the metal. When the
local electromagnetic field is greatly amplified, its Raman scattering
intensity will increase by 104-108 times. Apparently, preparing
precious metal nanostructures with excellent properties is the core
issue of SERS technology. At present, the preparation methods of
commercial SERS substrates are the synthesis and subsequent
assembly of nanoparticles from the ionic level, which is also known
as "bottom up" method. However, this bottom-up preparation
method has great limitations. First, reducing agents and stabilizers
are often used in the chemical preparation of nanostructures. The
remaining chemical reagents usually have high Raman background
signals. Causes certain troubles in testing; secondly, the morphology
and assembly process of nanomaterials in the mass production
process are difficult to control; lastly, this production mode is
excessively dependent on manual operation, with large errors
and high costs, and it is difficult to implement automatic mass
production. Therefore, it is necessary to develop a new precious
metal nanostructure processing technology that is able to scale up
the production.
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Dr. Zhanxi FAN SCEEIEL:

Dr. Zhanxi FAN is an Assistant Professor in CHEM and also a Core
Member of NPMM at CityU. He received his Bachelor of Science
degree (2010) in Chemistry from Jilin University (China), where he
investigated the composites of conjugated polymers and quantum
dots under the guidance of Professor Bai YANG and Professor Hao
ZHANG. Then he completed his PhD (2015) in Materials Chemistry
from Nanyang Technological University (Singapore) under the
supervision of Professor Hua ZHANG. During the PhD study, he
developed new strategies for the crystal phase-controlled synthesis
and applications of precious metal nanomaterials. Afterward, he did
postdoc work in Nanyang Technological University with Professor
Hua ZHANG and Lawrence Berkeley National Laboratory (USA)
with Professor Haimei ZHENG. His research interest lies in the
fields of materials chemistry, nanoscience, catalysis, and energy
conversion. Currently, his research projects mainly include the
controlled synthesis of novel low-dimensional precious metal and
precious metal-based nanomaterials, designed preparation of
functional precious metal-based heteronanostructures, and catalytic
conversion of small molecules. Until June 2022, he has published
90 SCI papers (71 with IF > 10) with a total citation of over 13,000
and H index of 49. Based on these works, Dr. Fan has been rated/
honored as a global Highly Cited Researcher by Web of Science
for consecutive 4 years from 2018 to 2021, a “Rising Star” by both
Advanced Materials and Small in 2022, a “Vebleo Fellow” by Vebleo
in 2021, a “Top 2% of the World’s Most Cited Scholar” by Stanford
University in both 2020 and 2021, an “Emerging Investigator” by J.
Mater. Chem. A in 2021, and is also a recipient of multiple awards
including the “Young Scientist Award” from European Materials
Research Society (E-MRS) in 2015.
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Research Scope

Our group is devoted to addressing the fundamental problems and
practical challenges in the fields of materials science, nanoscience,
catalysis, and electrochemical energy conversion. Currently, our
research scope mainly focus on controlled syntheses of novel metal
materials, rational design of functional structures, and catalytic
conversion of small molecules.

Precious metal-based material is one of the most important
materials in the material industry and the catalysts industry
owing to their unique d-band electronic structure and intriguing
physicochemical properties. These unique properties of precious
metal nanomaterials endow them with outstanding performance
than their non-precious metal-based counterparts so they have
been extensively used in many important applications, such as
surface-enhanced Raman scattering, plasmonics, catalysis, batteries,
sensing, information storage, bioimaging and photothermal
therapy. However, previous studies are almost limited to the
investigation of the thermodynamically stable crystal phases/
structures of metal nanomaterials. Recent studies have revealed
that the crystal phase, which is closely related to the electronic
structure of materials, can also significantly affect the properties
of metal nanomaterials. Therefore, the crystal phase-controlled
synthesis of metal nanomaterials could open up new opportunities.
Exploring this newly emerged research area of synthesizing novel
metal nanomaterials with unusual or unprecedented crystal phases,
and investigating their formation mechanism, properties, and
applications are of essential meaning for material science.

Rational design of functional structures, especially the designed
preparation of functional metal-based hetero nanostructures is very
important to bridge the practical application and the preparation
of the materials. The synergistic effects between different materials
could contribute to overcoming the shortcomings of individual
components, thus expanding their applications and improving
their performance. We are trying to design functional metal-based
hetero nanostructures with a good interface, uniform distribution,
and physicochemical interaction between metal and the other types
of materials using chemical conversion, site-selective overgrowth,
and in-situ deposition methods. These functionalized hetero
nanostructures possess different physicochemical properties and
can boost their performance in various applications. In this way, we
aim to decrease the cost of materials processing and increase the
atomic utilization efficiency of metals (especially precious metals)
for real applications.

Novel materials injected new impetus to push forward the
development of energy conversion technologies. Generally, the
excessive use of fossil fuels, such as coal, gas, and oil, has caused
many environmental problems. Therefore, in order to guarantee a
sustainable future, it is critically important and urgent to develop
some fossil-free pathways to generate high-value fuels and
chemicals for our daily demands and reduce the carbon dioxide
emissions. To this end, we will try to develop some highly efficient
catalysts that can convert small molecules (such as water, carbon
dioxide, and nitrogen) into high-value fuels and chemicals (such as
hydrogen, hydrocarbons and ammonia) with renewable energy as
the driving force.
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Dr.TaoYANG #Bi5iE+

Dr. Tao YANG is currently an Assistant Professor at MSE in CityU.
He also serves as the core members in the 3D-APT Unit and the
NPMM at CityU. He has long been engaged in the research on the
innovative alloy design and microstructure control of advanced
metallic materials, mainly through three-dimensional atom probe
tomography (3D-APT) and transmission electron microscopy (HR-
TEM) and other technical means to study the composition design,
material thermodynamic and dynamic behavior, solid-state phase
transformation and deformation mechanism of alloys. During
the past five years, he has published many high-impact research
papers in various prestigious journals, such as Science (3 papers),
Materials Today, Nature Communications, Acta Materialia, Scripta
Materialia, Advanced Material, etc. Due to the outstanding academic
achievements, he was awarded the Distinguished Postdoc Fellow
(HKIAS), Rising Star Award (HKIAS), IUMRS Young Scientist Award,
Early Career Award (HK), Vebleo Fellow, etc. Meantime, he serves
as the Editorial Board Member of the journal of Advanced Powder
Materials; Guest Editor of the journal of Frontier in Materials;
Editorial Board Member of journal of Frontiers in Metals and Alloys;
Associate Editorial Board Member of the journal of Materials
Research Letters.
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Research Scope

The research of Dr. Yang’s group focuses on the innovative design
and fabrication of advanced metallic materials for both structural
and functional applications, including the high-entropy alloys,
noble metals, intermetallic materials, high-temperature superalloys,
deep cryogenic alloys and electrocatalysis materials. His current
work is primarily focused on the control of atomic occupation,
nanoprecipitation, grain-boundary characters, and atomic structures
by using multiscale state-of-the-art techniques, such as the 3D atom
probe tomography (3D-APT), high-resolution transmission electron
microscope (HR-TEM), and 3D printing.
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Professor Minhua SHAO BR#iEIS

Professor Minhua SHAO is a Chair Professor in the Department of
Chemical and Biological Engineering at the Hong Kong University
of Science and Technology, Director of the HKUST Energy Institute.
He earned Bachelor of Science (1999) and Master of Science (2002)
degrees in Chemistry from Xiamen University, and a PhD degree
in Materials Science and Engineering from the State University of
New York at Stony Brook in 2006. Professor Shao joined UTC Power
in 2007 leading the collaboration with Toyota Motor Company to
develop next generation fuel cell technologies, and was promoted
to UTC Technical Fellow in 2012. In 2013, he joined Ford Motor
Company to conduct research on lithium-ion batteries. He then
joined HKUST in 2014 and was promoted to Chair Professor in 2022.
He has published over 200 peer-reviewed articles and filed over 30
patent applications (19 issued). He is an Associate Editor of Journal
of the Electrochemical Society and one of the founding members of
Young Academy of Science of Hong Kong. He has also received a
number of awards, including the Supramaniam Srinivasan Young
Investigator Award from the ECS Energy Technology Division (2014).
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Research Scope

Minhua Shao’s research is focused on electrochemical energy
conversion and storage technologies. His current research projects
include developing novel electrocatalysts for fuel cells, water
splitting, Carbon dioxide reduction, ammonia synthesis, etc., high
energy-density cathode materials for lithium-ion batteries, and
lithium metal solid state batteries.
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Professor Zijian ZHENG &FF&I%1i%

Professor Zijian ZHENG is currently Full Professor, Associate
Director of University Research Facility in Materials Characterization
and Device Fabrication, Associate Director of Research Institute for
Intelligent Wearable Systems, and Lead Investigator of Research
Institute for Smart Energy at the Hong Kong Polytechnic University
(PolyU). Professor Zheng received his bachelor's degree in Chemical
Engineering at Tsinghua University in 2003, and PhD in Chemistry
at University of Cambridge in 2007, and postdoctoral training at
Northwestern University in between 2008-2009. He joined PolyU as
Assistant Professor in 2009, and was promoted to tenured Associate
Professor in 2013 and Professor in 2017. He is well recognized
internationally for his pioneering works on novel soft metals and
their applications in wearable electronics and flexible energy
storage. He has published >180 papers in high-impact international
scientific journals including Science, Nat. Mater., Adv. Mater. He also
files 40+ patents and is recipient of more than 20 academic awards.
He is Editor-in-Chief of EcoMat, a flagship open-access journal in
green energy and environment published by Wiley. He is Founding
Member of The Young Academy of Sciences of Hong Kong, Chang
Jiang Chair Professor by the Ministry of Education, and RGC Senior
Research Fellow of Hong Kong.
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Research Scope

Soft electronics that can bend, fold and stretch show remarkable
impact in a wide variety of areas ranging from displays, information
technology, energy harvesting and storage, to robotics, health,
medicine, and fashion. The key research focus in this field is to
develop new materials and devices that allow high degree of
deformation. Among the many materials, metal conductors serving
as interconnects, leads, contacts, and electrodes are indispensable
cornerstones of soft electronics. However, the thermal conductivity,
expansion, plastic-elastic properties of metals are largely different
from polymers that are frequently used as substrates and other
components in the development of soft electronics. Therefore,
it is critical to study and develop soft metal conductors that are
compatible for soft electronic applications.

Professor Zheng’s team aims for developing high-performance soft
metal conductors, both opaque and transparent, that show good
mechanical, electrical, and interfacial stability under significant
levels of bending, stretching, and shearing. In particular, the team
has great interest in solution-processable soft conductors that
can be synthesized and prepared at low temperature and ambient
conditions, which are most compatible with soft substrates, e.g.,
plastic thin films, fibers, and elastomers that dislike vacuum
and high-temperature processes associated with convectional
fabrication. The key challenges are how to tackle the tradeoff
between the conductivity, flexibility/stretchability, transmittance (for
transparent conductors), and interfacial stability of the conductor
materials through rational design of the materials synthesis,
control of the micro/nano structure, and chemical modification of
interfaces. These soft conductors serve as building blocks for the
fabrication of various soft electronic devices including cutting-edge
flexible, foldable, and stretchable (opto)electronic devices including
solar cells, photodetectors, force and strain sensors, and chemical
sensors. Professor Zheng’s team also applied the soft metal
conductors for developing high-energy-density, long-cycle-life,
and highly flexible supercapacitors and batteries. The team focuses
on the revolutionized structure design of the electrodes, from
conventional lamellar-like stacks into composite-like interpenetrative
structures.
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Dr.Ye CHEN PBitbi#t

Dr.Ye CHEN received her Bachelor of Engineering and PhD degrees
in Materials Science from Nanyang Technological University,
Singapore, in 2015 and 2019, respectively. Her research interest
focused on design and wet-chemical synthesis of novel low-
dimensional noble metal nanomaterials with unconventional phases
and their applications in catalysis and clean energy. In 2020, she
joined Department of Chemistry, The Chinese University of Hong
Kong as Assistant Professor. Over the past five years she has
published over 40 peer-reviewed international top journals including
Nature Reviews Chemistry, Nature Protocols, Chemical Reviews,
Nature Communications, Journal of the American Chemical Society,
Advanced Materials, Chemical Science, Chem and so on, with
h-index of 29 and total citations over 3,000 (by Google scholar).
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Research Scope

e Design and wet-chemical synthesis of novel precious metal
nanomaterials

e Design and synthesis of nanostructures based on precious metal
alloys and compounds

® Property study and applications of novel noble metal-based
nanomaterials in catalysis, optics, and biosensing
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Nurturing Talents

NA B

NPMM aims to build a strong research team of leading international
scientists and influential early-career scientists. With its wide base
of support, including shared equipment and financial support,
NPMM has attracted numerous prominent scholars in the field. For
example, in 2019, NPMM recruited Professor Hua ZHANG and Dr.
Zhanxi FAN.

Professor Hua ZHANG (right) and Dr. Zhanxi FAN (left) joined NPMM in 2019.
REHRNUHAF L 2019 FMABEBH L ©

Professor Zhang is a specialist in the field of nanomaterials with
excellent research achievements. In 2020, he was elected Foreign
Fellow of the Brussels-based European Academy of Sciences
(EurASc), which was founded in 2003 and promotes excellence in
science and technology. Currently, the EurASc has approximately
600 members in its nine divisions, including 65 Nobel Prize and
Fields Medal (known as the “Nobel Prize for Mathematics”)
winners from 45 nations. Professor Zhang’'s research is highly
interdisciplinary and is currently focused on the phase engineering
of nanomaterials (PEN), the synthesis and simultaneous control of
phase and morphology of ultra-thin two-dimensional nanomaterials,
such as metal nanosheets, graphene, metal dichalcogenides, metal-
organic frameworks, and covalent organic frameworks. Although
these nanomaterials may sound unfamiliar to the public, yet they
have many promising applications in daily life. Professor Zhang's
research contributes to catalysis, clean energy, (opto-) electronic
devices, nano- and biosensors, and water remediation, which can
all help people to improve their lives. In 2020, his research on PEN,
entitled “Phase Engineering of Nanomaterials,” was published in
Nature Reviews Chemistry.
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Under Professor Zhang’s supervision during his PhD study, Dr.
Zhanxi FAN also became a member of NPMM, soon after becoming
an Assistant Professor at CityU. His research projects focused mainly
on the controlled synthesis of novel low-dimensional metal and
metal-based nanomaterials, the design and preparation of functional
metal-based heteronanostructures, and the catalytic conversion of
small molecules.

Other award-winning team-members include Professor Xunli WANG,
who was elected a Fellow of the Neutron Scattering Society of
America in 2020, and Professor Jian LU, who received French Knight
of the National Order of Légion d’'Honneur (Chevalier de la Legion
D’honneur) in 2017 and the 12th Guanghua Engineering Science and
Technology Award in 2018. Our young members are also becoming
recognized by prestigious local and non-local organizations. For
example, Professor Yang LU received the Excellent Young Scientists
Fund (Hong Kong and Macau) from NSFC in 2019, and Dr. Tao YANG
received the Early Career Scheme Award from the RGC of HKSAR. As
the saying goes, heaven rewards the diligent; accordingly, Professor
Xiaogiao HE, ProfessorYang LU, ProfessorYong YANG, and Professor
Kaili ZHANG, were each promoted to full professor in 2017-2021,
and Dr. Yangyang LI was also promoted to associate professor in
2017. NPMM is happy to witness the growth and achievement of our
members throughout the years.

In 2022, NPMM further strengthened its team by appointing
Associate Members from other local universities for the first time.
Professor Minhua SHAO, Chair Professor of the Department of
Chemical and Biological Engineering of HKUST; Professor Zijian
ZHENG, Professor of the Department of Applied Biology and
Chemical Technology (ABCT) of PolyU; and Dr. Ye CHEN, Assistant
Professor of the Department of Chemistry of CUHK.joined NPMM to
enhance academic exchange between these institutions.

According to metrics compiled by Stanford University in 2021, eight
NPMM members—Professor Jian LU, Professor Chain Tsuan LIU,
Professor Xunli WANG, Professor Hua ZHANG, Professor Xiaoqgiao
HE, Professor Yong YANG, Professor Kaili ZHANG, and Dr. Zhanxi
FAN—were among the top 2% of the world’s most highly cited
scientists, which made up approximately 6% of the total number
of CityU faculty listed on this metrics, while CityU’s proportion of
the world’s top 2% of the most highly cited scientists is among
the highest of any university in Asia relative to faculty size. Led by
a team of excellent researchers, NPMM members have nurtured
approximately 300 PhD students and research staff, and constructed
a robust platform for cultivating talented individuals and facilitating
technological exchanges. Ultimately, NPMM provides a platform
that creates synergies between teaching, learning and state-of-the-
art precious metals research.
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Professor Jian LU receives French Knight of the National Order of Légion d’Honneur
(Chevalier de la Legion D'honneur) in 2017.
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Research Scope of NPMM
B4 8 23 D E e G

NPMM has always insisted on a pioneering, innovative, systematic,
in-depth, and long-term research orientation. With this approach,
the NPMM has worked on national-level research projects and
developed precious metallic alloys and intermetallic compound
structural and functional materials, mainly consisting of new metals
and new generation base materials, and advanced fabricating and
processing technology.

Over the past five years, NPMM members have acquired
approximately HK$200 million in funding as Principal Investigator
or Project Coordinator in 93 research projects, of which around 16%
goes to the major state-level research and development projects
such as the National Key Research and Development Program of
MOST, and the Major Program of the NSFC, with a total amount
of around HK$36 million. At the regional level, NPMM members
have undertaken 47 research projects with a total funding amount
of around HK$100 million, funded by ITF under ITC and the RGC
through the Areas of Excellence (AoE) Scheme, Collaborative
Research Fund (CRF), and Theme-based Research Scheme (TBRS).
They also took up 19 projects from other provincial and municipal
governments, which amount to around HK$55 million.

The NPMM'’s research scope includes new generation basic metallic
materials, precious metallic nano-materials, and new materials
simulation. In its fields of application, the NPMM'’s research
concentrates on the functional realization of precious metal
components, service reliability and lifespan, and quality and quality-
related research through independent and innovative R&D on
advanced precious metals-based materials and their core fabrication
technologies. Figure 1 shows the NPMM’s main research areas and
directions during the reporting period. The importance of these
research areas and the focus of the research undertaken in each are
listed below.
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Microalloyed
Medium-entropy Alloy
(MEA) Composite
Nanolattices with Ultrahigh
Toughness and Cyclability
BetPEs
TERME

Development of a
Microthruster based on an
Au/Pt/Cr Microheater and
an Energetic Coordination

Polymer Propellant
E R Au/Pt/Cr t8NEAEE AN S
REEC I B S Y HEE TR
T A B YT B

Recent research directions and areas of the NPMM.
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Development of a Supra-
nano Dual-phase Pd@
High-Entropy Amorphous
Alloy for Electrocatalytic
Application
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mEEEEN
FREEFIFE A

Fabrication of an Ag Mesh

on a Flexible Transparent

Film with Excellent Bending

Resistance and Good
Conductivity
E A RFERITME
FREEEE

Dual-plasmonic Gold
Nanorod (NR)/Copper
Sulfide Nanoparticle (NP)
Structure (Au Nr@Cursas)
BEBMTER - SHKE
@ Rt R
MREER B

Design of Materials

MRERET

Design of Fabrication
Process
TER

Large Ultrathin Metal
Films With High Strength
for Various Applications

REEEETEER
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64

Many Hands make Precious Work

Core-shell Gold-palladium
(Au@pd) Nanorods with a
Unique 2h-fcc
Heterophasic Structure
B4 fcc-2H fec EMEM
Au@ Pd BFRANREE
BUB 2R

Fabrication of Materials

MRIRUE

Novel Nanostructured Materials

F—RREeEVMH

Novel Precious
Metals
FRESE

Metallic Glass

& BN

Development of the SERS
Technique for Food Safety,
Human Health, and Life
Science Applications
SERS EMiERMEZE -
ABEREMEmRIE
FIHHIE R

Computer Simulation
of Materials

FRHRSE

Design of Mechanical and
Materials Properties
PEBERR T

Atomically Smooth
UMG with High Hardness
and High Modulus

Development of Low-cost
and High-performance
SERS Substrates
REEEERD
SERS &K

Development of
Phase Engineering of
Nanomaterials (PEN) of
Noble Metals
WRATRIE TR ZH 55

Nano-crystalline-
amorphous Aluminum
Alloys Containing Noble
Metals
EEEETEHKENR
BASMRE

Fabrication of Strong,
Ductile, and Tough
Nanocrystal-assembled
Freestanding Gold

REFHBRBEE Nanosheets
HNR FE R AR 2E Y
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Preparation and Application of New Precious Metallic Materials

HESTEMRNREEREN

Precious metals in the information technology
industry

The manufacturing of large-scale integrated circuit elements is
dependent on precious metals. With the development of integrated
circuit miniaturization of chips and radio components and the
three-dimensional integrated circuit (3D IC) technique, the use of
precious metal thick film paste and high-strength gold wire are
important future directions for the information technology industry.
We are investigating the mechanical properties of ultrathin metallic
nanowires and exploring their potential applications in next-
generation interconnects for the integrated circuit industry (as
shown in Figure 1) .

Figure 1 NPMM investigates the mechanical properties
of ultrathin metallic nanowires and explores their
potential applications in next-generation interconnects for
the integrated circuit industry.

1 BMNEEARBESBACKEORMMERE  WRRE
EERERTET —AETWELES -

Jewelry

Gold, silver, platinum, and palladium jewelry and crafts have
been hugely popular from ancient to modern times. After the
implementation of the gold standard in more than 50 countries
at the beginning of the 20th century, gold became a symbol of
permanent value. Platinum group metals are not only important
strategic materials but have also become the first-choice alternative
to gold as financial reserves. The NPMM is greatly increasing the
surface hardness of different purity gold jewelry through advanced
metallurgy technology and paying particular attention to calculating
the computer-aided design and optimization of process conditions
for generating targeted nanostructures. These efforts are to allow
for the prediction of the mechanical properties of materials and
the development of design tools for the optimization of products,
including high-end electronic products (mobile phone, tablet,
and computer cases). The optimized technology can also be used
in other precious metal jewelry, such as platinum and palladium
jewelry. This method can decrease production costs while promoting
environmental protection and energy conservation.
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Catalysts and energy storage devices

Platinum group metals have many attractive features, such as good
catalytic activity, high catalytic selectivity, a long service life, and
easy recycling and regeneration. The research and development of
these materials is therefore of great benefit to industry and society.
The NPMM is investigating the dealloying method, which is an
important and commonly used solution-based industrial technique
for fabricating advanced porous nanomaterials based on gold,
platinum, and other precious metals and can significantly improve
the performance of a range of applications, such as catalysts,
batteries, and supercapacitors. Dealloying is widely used due to
its low cost, great convenience, and high compatibility with mass
production. However, the current dealloying technology faces
two major drawbacks: poor mechanical properties and difficulty
adjusting the structure, morphology, and composition of the
generated porous materials for the optimization of the specific
surface area, which is due to a lack of control of the dealloying
process. These difficulties hamper the practical application of
precious metal-based nanoporous materials, particularly in the
fields of catalysis and energy storage. To address these pain points,
we have greatly advanced the current dealloying technology by
investigating the surface mechanical attrition treatment (SMAT)
method for generating dealloyed nanoporous gold and platinum
with outstanding mechanical performance and ultrafine nanoporous
structures of highly specific surface areas, while also utilizing novel
tailor-made modulating dealloying voltage profiles for fine-tuning
the dealloying process to produce highly porous nanostructures
that feature large specific surface areas, high purity, and/or high
porosity. The nanoporous gold and platinum materials that this
research effort will make possible will be particularly attractive for
use in high-performance and lightweight but durable catalysis and
energy storage devices.
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Development of gold/platinum and gold/palladium
thin film microheaters for energetic chips

Energetic chips, which are based on microelectromechanical systems
(MEMS) and nano-materials, have very promising applications
in automobile airbags, aeronautics and astronautics, mining, oil
extraction, and fireworks. Microheaters are the key components
of energetic chips. The structure and dimensions of microheaters
are crucial for the ignition reliability and energy consumption
of energetic chips. The NPMM has been developing novel gold/
platinum/chromium/silicon dioxide and gold/palladium/chromium/
silicon dioxide microheaters for energetic chip applications. Multi-
physics modeling will be used to predict the performance of the
microheaters and thus to determine their optimal design and
dimensions. Microheaters will be combined with nano-materials
in modeling to forecast and then optimize the transient ignition
process and determine the ignition power, ignition delay, and
ignition energy. After obtaining the optimal design and dimensions
through modeling, the microheaters will be fabricated using micro-
machining technologies.

Design of oxidation-resistant alloys based on
precious metals for applications in the aeronautic
and aerospace industries

Nickel-based superalloys are a class of state-of-the-art materials
for high-temperature structural applications. There is a shortage of
commercial alloys available that offer both high melting points and
adequate oxidation and corrosion resistance for extremely high-
temperature applications. In view of the material limitations of
conventional alloys, the NPMM has been working in tandem with
our academic partners on the design of new noble alloys based on
iridium, rhodium, and platinum for extremely high temperature use
in oxidizing environments. A combination of computer-aided alloy
design and experimental verification is expected to substantially
reduce the time and effort to design these new alloys for extremely
high-temperature applications.
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Bulk metallic glasses

Metallic glass is a newcomer to the family of glasses. First achieved
based on gold alloys, metallic glasses can be synthesized using
modern rapid cooling techniques. Metallic glasses differ from
conventional glasses in their mixed character between solid and
liquid and between metal and glass. They are also known for
their excellent corrosion and erosion resistance, superior soft
magneticity, and remarkable thermo-plastic formability. Due to
the unique combination of these properties, metallic glasses are
commonly perceived as a material with great potential for a variety
of industrial applications. Furthermore, metallic glass is not only
a new material with unique properties but also a model material
system that can be used for studying scientific problems faced in
materials science and condensed matter physics. Our research in
metallic glasses mainly lies in establishing a structural model and
a structure—property correlation for metallic glasses and optimizing
the mechanical properties of bulk metallic glasses. The ultimate
goal of our research on metallic glasses is to promote their use in
different industrial sectors, which in turn can promote long-term
technological upgrading and economic growth in mainland China
and Hong Kong.

KR & BRI

TERBREBRETH—EHKE &
FREZAEMERLERMN  YBTUE
RBARRERLABEMER - ©BIRBEESR
BRENTRzZERHERATEERNKRELR
TENIRE 2 ENEM - BB LS/
[BEt - MHRERME - S ARAV BRI ME AN FRE AY 2
BRAEMMEE - HRELEFENERES
TERBEREERAR EEREIXER
TEBERENNME - I EBEER
ER-EEAEBMENHTE  tR—&
B AR A R 2R A 5 B AR ) 3 22 h T R
MNMSRENREMBER - RMABSBR
BNMREITEANEYEBINENERER
MIBRER - B UREBLLARERE
IREBAVHMILRE - RPIARSBRBORR
EERRERETRIIXEFMNEM &M
R PRI M B BRI RAE S METER -

BELH HAEE 69

yonoy sepiinl

St EClE thad=ie



New Generation Precious Nano-materials and
Process Design-related Basic Research

- RESEAKMAR TERIABERTZ

Prestress engineering of precious metals

Coupling thermal mechanics with phase transformation is a classic
problem in the field of materials and mechanics. The development
of materials science and engineering is producing more and more
types of multi-phase materials. These new composite materials
and devices present research problems for the present and future.
As most of these generalized composite materials experience
temperature variations during their manufacturing, the difference
in mechanical properties and coefficients of thermal expansion in
different phases or materials generates residual stress and strain
on a different scale. Phase transformation is also induced in the
fabrication process of materials and devices and poses additional
challenges for research. Residual stresses have a significant effect
on materials, devices, and structures, and the problem of multi-
scaled residual stress exists in almost all new materials and new
technologies. Given the significant effect of the application of
multi-scaled materials, devices, and structures, the control and
measurement of residual stresses in the fabrication process and their
evolution over the service life is the main concern of the NPMM.
In recent years, the NPMM has been improving its measurement
technologies, especially the application of optical methods, micro-
Raman spectroscopy, and ultrasonic non-destructive testing. To
control and optimize residual stresses in materials, computer-aided
design is used intensively to simulate the manufacturing process,
resolve the coupled thermo-mechanical and phase transformation
problems, and develop new manufacturing processes. Based on
state-of-the-art computational models and measurement techniques,
the residual stresses or prestressed materials will be incorporated
in the design and engineering of functional or structural materials to
achieve outstanding performance. The NPMM applies the concepts
of prestressed engineering to the design and development of
precious metallic electronic materials and devices. The NPMM also
focuses on the management and optimization of ultra-fine precious
metal electronic wires in electronic packaging while improving the
technical applications and associated design tools.
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Formation mechanism and properties of precious
metallic nano-materials

The generation of nano-grain and amorphous substances is
often associated with the coupled thermo-mechanical and phase
transformation problems. At certain temperatures and a certain
strain rate, crystals can be refined into sub-micro-scale and nano-
scale grains. Sometimes, they can also generate new sub-micro-
scale and nano-scale characters (twinning, dislocation, stacking
fault) by phase transition and other methods. Currently, the
important issues and directions in nano-structured materials
research on the innovation and invention of fabricating routes for
nanocrystals and amorphous substances include the simulation and
mechanism analysis for the influences of the fabrication process
on the ordered and disordered structure and equilibrium and non-
equilibrium state, mechanical properties, and strengthening and
toughening mechanisms. The proposed research orientation can be
broadly divided into two parts: the toughening of precious metals
with layer gradient nanostructures, and the nanotwinning structure
forming mechanism and performance design of precious metals
with high strength and high ductility.
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Research Scope 3:

RS 3:

Computer Simulation and Computer-aided Design of Materials

MRS EL M E BB R

This research direction is to provide guidance in experimental
methods and theory. It mainly involves the modeling of functional
materials and devices, of materials, mechanics, and numerical
methods, and of material physics and mechanical properties under

particle radiation.

With our research excellence, the number of publications in
prestigious international journals attributable to NPMM members
jumped from 105 in 2017 to 188 in 2021. This 79% increase confirms
the leading position of the NPMM in the fields of advanced metallic
materials and nanomechanics. In the past five years, our members
have published a total of 772 papers in the world's leading journals,
including two papers published in Nature, one of which was the
cover story, and five published in Science. During the last five years,
52 invention patents, including 36 US patents and 11 China patents,
were granted to NPMM members, while 51 other patent applications
were filed with NPMM members as key inventors.
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Professor Jian LU’s Group

= BRI 7R E B

will not dramatically change the color or make the metal brittle.
Also, according to the standard for jewelry, the percentage of
alloying elements added will affect the karat of gold and hence the
corresponding value. Thus, alloying process alone as the solution of
enhancing the hardness of gold seems meeting the bottleneck.

Surface mechanical attrition treatment (SMAT) is one of the
promising developed processes to form a nanocrystalline surface
layer and refine grains in the subsurface layers, by actuating a
number of spherical projectiles to impact the sample surface.
This technique has been successfully applied in achieving surface
nanocrystallization in a variety of materials including pure iron, pure
titanium, pure copper, pure cobalt, aluminum alloy and stainless
steel, and currently pure gold. Many experimental results show that
the mechanical properties and performance of the materials could
be significantly enhanced by means of the SMAT-induced surface
nanocrystalline. For gold with the purity of 99.99%, the surface
hardness has been successfully increased up 243% (Figure 1). The
SMAT is an effective approach to upgrade the global properties of
engineering materials without changing of the chemical constitution.
As the SMAT is simple, flexible and low-cost, this technique showed
its strong potential in the jewelry industries.

To further enhance the hardness of Au-based precious metals,
microalloy hardening obtained by the addition of other elements
such as Titanium (Ti) or Chromium (Cr) combined with SMAT is
employed.The gold alloy’s surface hardness has been increased by a
factor of five from 28 HV to 150 HV and the total hardening thickness
can exceed several hundred micrometers. The relationship between
the improved mechanical behaviors and graded nanostructures
to the composition of the microalloyed gold has been established
(Figure 1). The outcome of this work paves a novel, environmentally
friendly and effective way to generate microalloyed precious metals
such as gold with high strength and high ductility potentially
applicable to jewelry industries.

Publications HAR

MEaEl (BL)  ERELHIEBET
SHERZHACHESBEM - 1L - RiE
B TENERE SERENTMESLLE
VEESHRAUE  tMYBERNEE-
At ERESTIERESESEENBER
FELF-ERMAENNE -

RERMTERE (SMAT) 235 RE
W—EANMERSSHMMRENTE - 2T
EFRREERBEIFZIHABERSE
M ERmREEE—EBAKES - BEAL
BERNEZRASN  #MRSSEREMNE
EMMEEMEEE - ZRMERDERARER
ZRMBHREAR - BIFAE - A8k
i M BeE - THEENASE B
RHAER 99.99% WESE - AREEER
BB T 243% - MRAERKE - BB SMAT
BRMiEEERELR -—BAKRITUEE
ReaSRENEMMEE - 1t EEk
SMAT TEZHiBRY  SETNELERI LR
X% MAZISB[MERTE  KAEE -
EIXEEDEERANERNS -

S0 HARATRBEMANEMESET
£ (W Ti s Cr) WES SMAT KATESH
HMEEBRLBRERE-SRSEESREEE
MM EN - IESHNEHMSSHRERER
28 HV 2@ AEZE 150 HV > BLEERA
HEWK - B - RMERDFART SHME
THRMITE  DRAREBEYSSRH
ZEWEE (B—) - BEIFNRRBE
EAASRENSLERENMESILESE

(MESE) RET-EHE BREBAH
Tk TREREETHE

Figure 1 The effect of SMAT on the surface hardness of
24K, 22K and 18K Gold.
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2. Supra-nano-dual-phase Nanostructured Materials

Single crystal with ordered atom arrangement in lattice and
amorphous solids, where atom arrangement is long-range
disordered, are two end-structures for solid. Metals are usually
prepared in the form of polycrystals with amorphous grain
boundaries. The controls in phase and crystalline defects are
conventional methods to improve metal properties, such as the
typical metal-strengthening mechanism of precipitate strengthening
and dislocation strengthening. In contrast, metallic glass is known
for its amorphous structure and high strength (6 GPa for Co-based
metallic glass), but deformation softening and strain localization
lead to intrinsic brittleness at room temperature. Here, we proposed
the super-nano-dual-phase (SNDP) nanostructured metals as a new
family of nanostructural metallic materials with structural units
within the size range of 1 ~ 10 nm. The properties and mechanical
behaviors of the SNDP materials are totally different from the
conventional crystalline material and amorphous solids. Despite
the great scientific significance, the development and application
of SNDP materials face several challenges: a) A scalable strategy to
prepare homogeneous SNDP nanostructured films for a variety of
metals (Pt, Pd, Ru, Mg, Al, etc.); b) The interaction mechanism of the
supra-nanometer sized dual-phases and the effects on properties;
c) The exploitations on the high-value application of the SNDP
nanostructured materials.

Super-nano-dual-phase nanostructured materials with high strength
and high ductility

The development of SNDP glass-crystal materials depends on
sophisticated design of alloy composition that has critical glass
forming ability, avoiding the formation of fully amorphous or
crystalline structures. The preparation process, including power,
temperature and pressure, is controlled strictly to tune the growth of
super-nano-sized grains. The SNDP material is expected to comprise
a crystalline core with a grain size of less than 10 nm and an
amorphous shell which resembles a grain boundary zone of several
nanometers. When the SNDP material is under strain, the crystalline
phase could block the propagation of shear bands emitted from the
amorphous shell, suppressing the strain softening of amorphous
phase. Moreover, the amorphous shell might impede the gliding of
the grains and the motion of dislocations, preventing the occurrence
of reverse Hall-Petch effect. Therefore, the unique synergy effects
of SNDP structure could contribute to the ideal strength with high
ductility.
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Figure 1 The advanced physical vapor deposition instruments at NPMM, introduced for the development of SNDP materials.
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Super-nano-dual-phase nanostructuring for efficient noble-metal
catalyst

Noble-metal-based electrochemical catalysts with excellent catalytic
efficiency and product selectivity are widely utilized in essential
energy conversion reactions to convert atmospheric water, carbon
dioxide, and nitrogen into high-value energy products (hydrogen,
hydrocarbon, and ammonia). However, the large-scale industrial
generation of hydrogen, the core of next-generation sustainable
energy system, is constrained by the scarcity and expensiveness
of platinum group noble-metal-based catalysts and the instability
in complex production conditions. SNDP materials with substantial
phase interfaces are competitive and promising alternatives to
traditional nanomaterial catalysts for hydrogen evolution reaction
(HER), possessing commercialization potential and outstanding
catalytic performance.

The noble-metal SNDP materials with controllable constituted
phases and substantial interfaces provide fertile active sites that
primarily enhance the catalytic efficiency. Besides, the SNDP
metals composed of crystalline and amorphous phase could
avoid the agglomeration problem of typical nanocatalysts. The
excellent solution permeability and self-stabilization behavior of
the amorphous phase could further improve the electrocatalytic
durability. The unique SNDP design offers more modulation
degrees on microstructure compared with typical low-dimensional
nanocatalysts. We could tailor the concentration of noble
metals, nanocrystal orientation and crystal-glass proportion of
the SNDP metals to significantly improve the HER activity with
ultrahigh catalytic activity, and simultaneously maintain excellent
electrochemical stability.
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Figure 2 The schematic diagrams of SNDP nanostructures.
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3. Study on Catalytic Properties of Disordered Alloys

The global ecological and environmental crisis has been a primary
challenge for the community of shared future for mankind.
Water treatment and water electrolysis technologies are of great
significance for achieving sustainable utilization of water resources
and promoting the development of clean energy. However, the
catalytic materials currently employed for water treatment are still
suffering several problems, such as low efficiency and reusability,
which are scarcely meet the requirements of the modern industry;
the catalytic materials employed for high-performance water
electrolysis are mainly based on carbon supported noble metals.
Their high-cost, poor interface stability, and complex processing
method hinder the large-scale application of the water electrolysis
technology. Therefore, how to construct active sites to achieve low-
cost, high activity and strong stability of catalytic materials is still a
bottleneck problem in this field.

Disordered alloys, also referred to as "structurally disordered"
amorphous alloys and "chemically disordered" high-entropy
alloys (HEAs), have a broad application prospect in the field of
water treatment and water electrolysis. NPMM has equipped a
well-integrated rapid quenching technology for the purposes of
developing a variety of disordered alloys. With respect to the water
treatment aspect, our team has developed a microalloying method
of amorphous alloys that enable to regulate the atomic coordination
configuration for improving catalytic efficiency, and discovered
an in-situ self-reconstruction phenomenon for strengthening
catalytic stability. It was found that the addition of P element into
FessSi2B11P3C1 amorphous alloy would lead to the formation of
Fe-P clusters, which would facilitate electronic delocalization to
improve the electron transfer efficiency (Figure 1a). A variety of
industrial dyes were completely decolorized within 20 minutes
(Figure 1b). Moreover, the in-situ self-reconstruction phenomenon
of the amorphous alloy provided a favorable guarantee for active
site protection, oxidant adsorption, and excellent ion permeability,
which sharply elevate the reusability to more than 40 times.
Compared to the crystalline zero-valent iron and Fe203 catalysts
employed in industry, the amorphous alloy has a higher catalytic
activity and stability, exhibiting a great potential in future industrial
application. [Adv. Funct. Mater., 2019, 29: 1807857]. In terms of the
water electrolysis, our team developed a structural design strategy
by disordered - ordered coupling, and discovered a constructive
method of active sites through lattice distortion and elemental
synergistic coupling. According to these alloy design concepts, a
new high-entropy intermetallic compound (HEI) and a high-entropy
amorphous alloy were successfully developed for effective water
electrolysis. Firstly, to break through the limitation of single principal
component in amorphous alloy design, our team developed a
high-entropy amorphous alloy with five principal components.
Dealloying method was employed to construct a nanosponge
surface morphology (Figure 2a-c). It was found that the high entropy
amorphous alloy spontaneously formed nanocrystals surrounding
at the nanopores (Figure 2c), while the nanocrystals presenting a
certain lattice distortion effect (Figure 2d). Theoretical calculations
revealed that lattice distortion effect and synergistic function of the
high entropy amorphous alloy could effectively reduce the energy
barrier of the hydrogen proton adsorption/desorption, resulting in
an excellent hydrogen evolution reaction. At the current density
of 10 mA cm-2, the achieved overpotentials were only 32 mV and
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62 mV at the basic and acidic conditions. Moreover, the strong
solid solution effect significantly improves the structural stability
of the alloy, enabling it to maintain excellent catalytic activity over
100 hours (Figure 2e). [Adv. Funct. Mater., 2021, 31: 2101586].
Secondly, we also combined the advantages of synergistic function
in HEAs and the site isolation effect in intermetallic compounds to
develop a new HEI (Figure 3a-d) that can significantly reduce the
adsorption/desorption energy barrier of the water molecules and
hydrogen proton during hydrogen evolution reaction. The achieved
overpotential (88.2 mV@10 mA cm-2) was comparable with noble-
metal-based electrocatalysts, providing a low-cost technical support
for high-performance integrated electrode design. [Adv. Mater.,
2020, 32: 2000385].

Funct. Mater., 2021, 31: 2101586] > & X
rEBEEHeEZEABRERAESBRE
LEMEBNEIBESHELES  BHREA
ERRETBHEHNSREBEEY (B
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I ikipER - MR EHEESEHEAEEEN
EEE{EME (882 mV@10 mA cm2) K
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BMEFTIRMT —EHI A R [Adv. Mater.,
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Figure 1(a) Comparison of density of electronic states
between Feg3Si2B11P3C1 and Fe7sSigB13 amorphous
alloy;Feg3Si2B11P3C1 amorphous alloy (b) Degradation
of industrial dyes after reaction of 20 times (c)
composition (d) structural changes

1 (a) Fes3Si2B11P3C1 E2 Fe78SioB13 FRE LB FHE
HREYL | FessSioB11P3C1 R ES (b) TRIEHIEME
BYE - & 20 %1% (c) RO K (d) B2t

Figure 2 Entropy amorphous alloy (a) Preparation after
dealloying (b) Surface topography (c) cross-section
structure and nanocrystals (d) Theoretical calculation
model of the lattice distortion of nanocrystals (e)
Hydrogen evolution behavior and stability

2 BMFERES () HETREE HatE (b) RAK
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Figure 3 High-entropy intermetallic
compound (a) Preparation
after dealloying (b) Surface
topography (c) Atom distribution
(d) Composition analysis (e)
Comparison of electrochemical
hydrogen evolution
3BBMEBELEY (a) BT
BB BEee’ (b) RAFR ) B
Faf (d) RO DHT (e) BILBHTSE
MRSt

Figure 4 Cover of Advanced
Materials and Advanced Functional
Materials
4 2 fff % % H E Advanced
Materials # Advanced Functional
Materials
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4.Design and structure-activity relationship of "crystal-amorphous”
nano-dual-phase aluminum alloy containing noble metal elements
based on thermodynamic calculation

Research background:

The structure of a metal material has a significant impact on its
performance. Designing and controlling the structure is a crucial
way for developing a new generation of catalysts and high-strength,
high-toughness alloys. The study found that the prepared dual-
phase new composite structure can obtain more excellent catalytic
and mechanical properties after combining the crystalline and
amorphous phases. According to reports, AIMn alloy catalysts
exhibit good hydrogen evolution catalytic activity and mechanical
properties. The corresponding Al alloy catalysts are prepared by
magnetron sputtering technology and can obtain the Al-based
"crystalline-amorphous" nano-dual-phase structure. In addition,
the local chemical inhomogeneity, short-range order, and severe
lattice distortion exhibited by the multicomponent alloys can
further optimize the catalytic activity during the hydrogen evolution
reaction. It can expect that by adding noble metal elements Ru or
Pd to AIMn alloy and using the above advantages of nano-dual-
phase structure and multicomponent alloy compositions, a new
type of "crystalline-amorphous" nano-dual-phase AIMnRu high-
performance alloy catalyst is prepared. It will play an important role
in promoting the development of a new generation of hydrogen
evolution catalysts and high-strength, high-toughness alloys.

In the process of preparing thin-film materials by magnetron
sputtering, the system is far from the equilibrium state, and
the metastable phase is easy to obtain. Combining calculation
methods such as CALculation of PHAse Diagrams (CALPHAD) with
experiments can construct the metastable phase formation diagram
of the system and study the influence of chemical composition and
preparation process on the material structure. Then the performance
of materials under different structures can be evaluated. For example,
the ternary aluminum-based metastable phase formation diagram
constructed according to CALPHAD and critical experiments is used
to describe the phase formation of AITiN, a hard coating material
commonly used in industrial production. Similarly, the construction
of the thermodynamic database of the AIMnRu thin-film system
will help understand the effect of chemical composition in the alloy
on the phase formation and then provide theoretical guidance for
the development of high-performance Al-based nano-dual-phase
alloys. If only consider traditional experimental methods, it will take
more time and resources to achieve the above purposes. Hence,
this project envisages expanding the existing research methods,
combining theoretical calculation, experimental preparation,
electrochemical testing, and advanced characterization to efficiently
construct the "component-structure-property" structure-activity
relationship of the (AlMn)1-xRux system. Finally, high-performance
AlMn-based nano-dual-phase alloys are prepared.
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Prediction of composition range of AIMnRu "crystalline-amorphous"
dual-phase formation based on thermodynamic calculations (Work
1)

The binary phase diagram and thermodynamic data in the AIMnRu
system already available in the literature can be used as the basis
for calculating the CALPHAD phase diagram of the ternary system.
Based on the CALPHAD thermodynamic calculation method, coupled
with the first-principles calculations and essential experimental
methods, | applied the computational simulation to the construction
of the phase formation model of the aluminum-based material
system. For example, the thermodynamic database and metastable
phase formation diagram of ternary aluminum-based thin-film
materials AIVN and AITiN systems are constructed [Acta Mater.,
2020, 196: 313-324], and the thermodynamic calculation results were
highly consistent with the experimental data, which laid a theoretical
foundation for the development of this project. Based on the above
work, | constructed a thermodynamic database of (AIMn)1xRux, and
initially obtained the composition prediction range of the "crystal-
amorphous" dual-phase formation, as shown in Figure 1.

ERBHBEHEN AIMnRu “RE-3ER7
SHERMRSEERAY (TF1)

XEHPEER AIMNRu BRI = THEEM
HAHEEIE - MER =T Z CALPHAD #H
Bt ERER - R CALPHAD B h &5 E
Bk WEE MR ENERER S =
HBE  RAASTTEEEER 2 REN R
AWBAFRERWEESD - flnE=ifE
SEREA R AIVN A AITIN 88 Z 09 20 h E 848
EEDEREREETEEZE [Acta Mater.,
2020, 196: 313-324] - EB H BT ELE
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T AIMn)1xRux BN BHIEE - WHHEE
T "RE-ER BRERNRATRRER
wmE1 e

Figure 1 Thermodynamics-guided design of a crystal-glass nano-dual-phase Al-Mn-Ru system. a, Heat of mixing values between Al-Mn, Al-Ru, and Ru-Mn.
The size of the sphere represents the relative sizes of Al, Mn, and Ru atoms. b, CALPHAD-calculated (Al10Mn1)1-xRux vertical section and To curve for the
HCP (thin red line) formation of the ternary system. The calculated To curve reaches a minimum value at ~13 at.% Ru, revealing a weaker glass formation
ability than representative glass-forming systems. The highlighted green region corresponds to the formation conditions for a crystal-glass nano-dual-phase

structure.

1 KB WIBHKEN A-Mn-Ru ZEENES|ERET © a Al-Mn ~ Al-Ru # Ru-Mn ZEHEE EVE - BREERNA/NMEE Al Mn ~ Ru B FEIEYE K ;5 b,
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Development of high-performance AIMnRu nanocatalysts for dual-
phase hydrogen evolution (Work 2)

Renewable clean energy technologies are rapidly developing, and
abundant clean fuels, such as hydrogen, are expected to replace
fossil fuels in the future. Electrocatalytic water splitting is a reliable
hydrogen-production technique. Pt-based catalysts are widely used
in hydrogen evolution reactions; however, their applications are
restricted owing to a cost-efficiency trade-off. Therefore, developing
low-cost and reliable electrocatalysts is crucial. Here, we present
a new thermodynamics-based design strategy to synthesize an
AIMnRu metal catalyst with a crystal-glass nano-dual-phase
structure via combinatorial magnetron co-sputtering. The developed
electrocatalyst is composed of ~2 nm medium-entropy nanocrystals
surrounded by ~2 nm amorphous regions (Figure 2).

The catalyst exhibits exceptional performance, similar to that of
single-atom catalysts and better than that of nanocluster-based
catalysts with little noble metal loading (Figure 3). The large
differences in composition and bonding structure between the
crystal and glass phases considerably reduce the energy barrier
for hydrogen evolution, enhancing H20/H* adsorption/desorption.
Considering costs, we use Al rather than a noble metal as the
catalyst principal element, and Ru, which is cheaper than Pt, as
the noble metal component. The new design strategy, based on
the composition-structure-property relationship, and the one-
step co-sputtering synthesis process provides an efficient route
for the development of electrocatalysts for large-scale hydrogen
production. Moreover, the superior hydrogen reaction evolution
from the synergistic effect of the nano-dual-phase structure is
expected to guide the development of high performance catalysts in
other alloy systems.
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Figure 2 Structure and composition of the medium-entropy crystal-glass nano-dual-phase Al-based catalyst. a, High-angle annular dark-field (HAADF)
image probed from a cross-sectional sample. The z-contrast reflects the atomic weight difference (i.e., Al-enriched amorphous regions are darker). The
inset shows a typical selected-area electron diffraction pattern with a halo ring feature, attributed to the extremely small-size nanocrystals and amorphous
phase. b, BF-STEM image probed from the same region. Fast Fourier transform image (upper right inset) of the crystalline region (yellow dashed square)
of an HCP pattern from the <2-1-1-0> zone axis. By contrast, the Fast Fourier transform image (lower right inset) of the cyan dashed square region shows
a diffused pattern, indicating an amorphous structure. ¢, 1D compositional profile, generated from (d-f) near-atomic-resolution energy-dispersive X-ray
spectrometry mapping. The arrows in a-b and d-f indicate the investigated region of the 1D compositional profile.
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Figure 3 Electrocatalytic performance of as-received samples in 1 M KOH solution. HER catalytic performance comparison with some previously reported

noble metal-based catalysts.
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Innovations

(1) Establish the phase equilibrium relationship of AIMnRu alloy
through thermodynamic calculation, predict the composition range
of "crystal-amorphous" dual-phase formation, and then obtain
AIMnRu "crystal-amorphous" nano-dual-phase alloy by experimental
means. It is the research idea and research feature of this year's
work.

(2) AIMnRu "crystal-amorphous" nano-dual-phase alloys is prepared
by combined magnetron sputtering experiments. It is found that
the hydrogen evolution catalytic performance of AIMnRu exceeds
that of most noble metal catalysts represented by Pt/C, which is an
important discovery of this year's work. It is of great significance
for the design and process optimization of high-performance alloy
catalysts in the future.

(3) This project intends to establish the structure-activity relationship
between the AIMnRu "amorphous-crystalline" nano-dual-phase
structure and the catalytic performance of hydrogen evolution. And
reveal the efficient hydrogen evolution catalysis mechanism under
the synergistic effect of nano-dual-phase, which is expected to
become an important theoretical innovation of this year's work.
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Professor Chain Tsuan LIU’s Group
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1. Superlattice Alloy with Disordered Interfacial Nanolayers

Superlattice alloys have an atomically close-packed and ordered
structure. The strong chemical binding and low atomic mobility make
them very attractive to high-temperature structural applications in
a range of engineering fields such as aerospace, automotive, gas
turbine engine, and many other industries. However, the highly
ordered crystalline structure makes them brittle. The research team
led by Professor Liu has discovered a new approach via fabricating
multicomponent superlattice alloys with disordered interfacial
nanolayers to resolve this dilemma. The findings have been
published in the prestigious scientific journal Science under the title
“Ultra high-strength and ductile superlattice alloys with nanoscale
disordered interfaces” [1].

According to conventional wisdom, adding trace amounts (0.1 to
0.5 atomic percent (at. %)) of boron substantially improves tensile
ductility by increasing grain-boundary cohesion, but when more
than 0.5 at. % of boron were added, this traditional approach would
not work well. However, the team came up with the idea to add
excessive amounts of boron to the multi-component alloys, and the
results were to their surprise. By increasing the boron concentration
to 2.5 at. %, the synthesized alloy has an ultra-thin disordered
interfacial nanolayer along the grain boundary. The ultra-thin
layer contains multiple principal elements with disordered atomic
structures that prevent brittle intergranular fractures. The general
structure of superlattice alloys is made of individual crystalline
areas known as “grains” The brittleness in these alloys is generally
ascribed to cracking along their grain boundaries during tensile
deformation. Such superlattice materials have ultra-high strengths of
1.6 gigapascals with tensile ductilities of 25% at room temperature,
which makes them a lot more ductile than expected.

In addition, the team also discovered that the increase in grain size
was negligible even after 120 hours of heating at temperatures of
1050°C. Most traditional structural materials suffer from thermally
driven structural instability because of rapid grain growth at high
temperatures. As a result, the strength of these materials decreases
quickly, severely limiting their applications. We believe that the
nanolayer is pivotal in suppressing growth in grain size and
maintaining its strength at high temperatures. The thermal stability
of the disordered nanolayer will render this type of alloy suitable for
high-temperature structural applications.

The discovery of this disordered nanolayer along the grain
boundaries in the alloy will positively impact the development of
high-strength materials in the future and may open a pathway for
further optimization of alloy properties.

The ultra-thin disordered layer at the grain boundaries is about 5 nm thick [1].
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2. Nanoparticle-strength High-Entropy Alloys with Unprecedented
Mechanical Properties

The research team led by Professor ChainTsuan LIU has worked out
a novel strategy for developing new super alloys that are extremely
strong yet ductile and flexible. The breakthrough solution addresses
a daunting, decades-long dilemma in materials science. The new
alloys were developed based on multiple-principal-element alloys,
which are also referred to as high-entropy alloys (HEAs). These are
new materials constructed with equiatomic or nearly equiatomic
percentages of five or more elements. Most conventional alloys are
made of one or two major elements, such as nickel and iron. The
team found that adding aluminum and titanium to form massive
complex nanoparticles resulted in a significant increase in both the
strength and ductility of the alloys. Previously, the stronger an alloy
was, the less ductile and tough it was, meaning stronger alloys
tended to fracture when deformed or stretched. This new alloy is
five times stronger than iron-cobalt-nickel based alloys and is 1.5
times more ductile. The cutting-edge research was published in the
latest issue of the prestigious journal Science, in an article titled
“Multicomponent intermetallic nanoparticles and superb mechanical
behaviours of complex alloys” [2].

The deformation of high-strength alloys can easily cause necking
fracture (localized deformation), but the research team found
that adding complex nanoparticles consisting of nickel, cobalt,
iron, titanium, and aluminium atoms enables extended uniform
deformation. Replacing some of the nickel components with iron
and cobalt atoms helped to improve the ductility of the new alloy,
and replacing some of the aluminium with titanium helped to reduce
the embrittlement effect caused by ambient moisture in the air.

The research team believed the new alloy developed with this novel
strategy would perform well in temperatures ranging from -200°C to
1000°C, thus providing a good base for developing new cryogenic
devices, as well as aircraft and high-temperature systems, such as
aeronautical engineering applications.

The new high-entropy alloy is extremely strong, yet ductile and flexible [2].
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3. Additive Manufacturing of Heterogeneous Ti-Based Alloy

Professor Liu’s team recently unveiled the promising possibility of
utilizing additive manufacturing to design unique heterogeneous
alloys with novel microstructure and supreme properties, which
opens a new area in manufacturing for the design of titanium
(Ti) alloys that are unachievable by conventional manufacturing
methods and that hold great promise for a wide variety of structural
applications. His paper was published recently in the prestigious
scientific journal Science, titled “In situ design of advanced titanium
alloy with concentration modulations by additive manufacturing” [3].

Most people consider 3D printing as a revolutionary technology
that can produce machine parts with complex shapes within just
one step; however, the research team unveiled that it has important
potential in designing materials rather than simply designing
geometries.

Metallurgists think that a lack of uniformity in alloy components
is undesirable because it leads to harmful properties, such as
brittleness. One of the critical issues in the additive manufacturing
process is how to eliminate this inhomogeneity during fast
cooling. His team found that a certain degree of heterogeneity in
the components can actually produce unique and heterogeneous
microstructures that enhance the alloy’s properties. The proposed
method involves the melting and mixing of two different alloys,
i.e., titanium alloy powders and stainless steel powders, using a
focused laser beam. By controlling parameters like the laser power
and its scanning speed during the 3D printing process, the team
successfully created the non-uniform composition of the elements
in the new alloy in a controllable way.

In addition to the use of additive manufacturing, the composition of
the two powder mixture is another key to creating unprecedented
lava-like microstructures with a high metastability in the new alloy.
These unique microstructures give rise to the supreme mechanical
properties, allowing the alloy to be very strong but ductile, and also
in light weight.

While stainless steel is generally 7.9 grams per cubic centimeter, the
new alloy is only 4.5 grams per cubic centimeter, resulting in around
40% lighter weight. The titanium alloy with lava-like microstructures
exhibited a high tensile strength of ~1.3 gigapascals with a uniform
elongation of about 9%. It also had an excellent work-hardening
capacity of over 300 megapascals, which guarantees a large safety
margin prior to fracture and is useful in structural applications.
These excellent properties are promising for structural applications
in various scenarios, such as the aerospace, automotive, chemical,
and medical industries.
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The titanium alloy developed by Professor Liu’s team
is super-strong, highly ductile and ultra-light [3].
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Professor XunliWANG's Group
T BB BRI E X

Understanding Complex Materials through Neutron Scattering

Breakthroughs in materials development, which are essential for
advances in technology, are based on scientists’ understanding of
material structure and dynamics. Neutron scattering is one of the
most powerful techniques for exploring the nature of materials.
Professor Xunli WANG has applied this state-of-the-art experimental
technique to find out the deformation and transformation behaviors
in complex materials, in particular at ultra-low temperatures,
opening up a new area of materials research.

Neutron scattering is like a giant microscope. It can reveal the
structure and dynamics of a material, such as how the atoms are
packed and how they move, thus enhancing our understanding of a
material’s properties. It can be applied to physics, chemistry, biology,
biomedical science, materials science and engineering.

A giant microscope for materials

Neutrons are uncharged particles, so they can easily pass through
material. The ways in which they bounce off a material and scatter
provide scientists with important information about the material’s
structure and properties.

For example, experimental studies on the physical properties
of amorphous materials have been very difficult owing to their
disordered atomic arrangement. But using the neutron-scattering
technique, Professor Wang led an international research team to
overcome this challenge, and measured the atomic dynamics in
zirconium-copper-aluminium metallic glass. They demonstrated
the existence of high-frequency transverse phonons in metallic
glass for the first time. Their findings have provided new insight
into understanding the atomic structure-dynamics relationship in
disordered materials.

Unveiling HEA deformation at ultra-low temperature

With the neutron-scattering instrumentation, Professor Wang and his
team also discovered that high-entropy alloys (HEAs), a new class
of structural materials consisting of multiple principal elements,
exhibit exceptional mechanical properties at ultra-low temperatures
owing to the coexistence of multiple deformation mechanisms. They
revealed the sequence of deformation mechanisms in HEAs at ultra-
low temperatures for the first time, opening up new terrain that very
few have examined.

Professor Wang was awarded the Croucher Senior Research
Fellowship 2021 and will use the grant to conduct an in situ neutron
diffraction study to pursue his research on phase transformation
and deformation behaviors in HEAs at ultra-low temperatures.
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Advantage of close proximity to a neutron source facility

Riding on Hong Kong’s proximity to the China Spallation Neutron
Source (CSNS), Professor Wang has dedicated his efforts to
establishing Hong Kong as a hub for neutron-scattering science in
the region.

The CSNS is one of the largest national scientific facilities in China
and is situated in Dongguan, which is about a two-hour drive from
Hong Kong. It offers tremendous opportunities for researchers
in Hong Kong and the region. Since there are only four neutron
sources in the world, there is huge demand to use the facility for
experiments and research.

Therefore, Professor Wang and his collaborators have supported
the construction of a multiphysics instrument (a total scattering
diffractometer) at the CSNS, with the support of the Collaborative
Research Fund (CRF), in exchange for dedicated access to a suite of
instruments there. This will greatly enhance education and research
activity in Hong Kong and encourage the rapid growth of a strong
user community.

Promoting neutron-scattering research

Professor Wang and Professor Hesheng CHEN, of the Institute of
High Energy Physics of the Chinese Academy of Sciences (CAS),
co-founded the Joint Laboratory on Neutron Scattering at CityU,
with sponsorship from the CAS and the Croucher Foundation, to
carry out a variety of cutting-edge research projects. Supported by
Joint Laboratory Funding from the University Grants Committee,
Professor Wang and his collaborators are developing an isotope
labeling platform for functional materials, which will enable precise
structure identification at the CSNS. The project aims to enhance
the research infrastructure of Hong Kong laboratories, utilizing the
neutron source at CSNS to study structural and energy materials.

Previously, with the support of the Croucher Foundation, Professor
Wang started the biennial Croucher Summer Course on Neutron
Scattering. By boosting collaboration between the Hong Kong
scientific community and the CSNS and nurturing more scientists
to work in neutron scattering, Professor Wang hoped Hong Kong
can benefit from the enhancement of this science and technology
research.

This research article originated from CityU RESEARCH.
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The multiphysics instrument supported by Professor Wang’s CRF project being installed in the CSNS.
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After Professor Zhang joined CityU in 2019, 100 papers have been
published/accepted. The representative research work mainly related
to preparation and applications of noble metal nanomaterials are
listed below.

1.

We report the controlled synthesis of Pd-based alloy nanoparticles
with an unconventional hexagonal close-packed (hcp, 2H type)
crystal phase via a facile and general seeded method. By using
2H-Pd nanoparticles as seeds, 2H-PdCu alloy nanoparticles with
tunable Cu contents can be synthesized by simply changing the
reaction time. Furthermore, by using the aforementioned 2H-PdCu
nanoparticles as templates, the partial galvanic replacement of Cu
atoms by Pt can be conducted to induce the incorporation of Pt into
PdCu nanoparticles, realizing the preparation of trimetallic PdCuPt
alloy nanomaterials with unconventional 2H phase (Figure 1). As
a proof-of-concept application, the as-synthesized Pd-based alloy
nanoparticles can be used as highly efficient catalysts towards
electrochemical oxygen reduction reaction (ORR) in alkaline media.
In particular, the trimetallic 2H-PdCuPt alloy nanoparticles exhibit
excellent catalytic activity, outperforming most of the reported Pd-
based ORR electrocatalysts in alkaline electrolytes. This work was
published in Journal of the American Chemical Society, 2021, 143,
17292-17299.
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Figure 1 Schematic illustration of the seeded synthesis of 2H-PdCu and
2H-PdCuPt alloy nanoparticles from 2H-Pd (left) and ORR performance of
various catalysts. (right)
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2.

We develop a facile two-step method for the lattice expansion
on specific facets, i.e., Pt(100) and Pt(111), of Pt catalysts. We first
prepare the Pd@Pt core-shell nanoparticles exposed with the Pt(100)
and Pt(111) facets via the Pd-seeded epitaxial growth and then
convert the Pd core to PdHo.43 by the hydrogen intercalation. The
lattice expansion of the Pd core induces the lattice enlargement of
the Pt shell, which can significantly promote the alcohol oxidation
reaction (AOR) on both Pt(100) and Pt(111) facets. Impressively, the
Pt mass-specific activities of 32.51 A mgpt! for methanol oxidation
and 14.86 A mgrt! for ethanol oxidation, which are 41.15 and
25.19 times those of the commercial Pt/C catalyst, respectively,
have been achieved on the Pt(111) facet. Density functional theory
(DFT) calculations indicate that the remarkably improved catalytic
performance on both Pt(100) and Pt(111) facets through the lattice
expansion arises from the enhanced OH adsorption. This work
not only paves the way for lattice engineering on specific facets
of nanomaterials to enhance their electrocatalytic activity but
also offers a promising strategy towards the rational design and
preparation of highly efficient catalysts. This work was published in
Journal of the American Chemical Society, 2021, 143, 11262-11270.

3.

We report a chemical method for synthesis of hierarchical Rh
nanostructures composed of ultrathin nanosheets, composed of
hexagonal close-packed structure embedded with nanodomains
that adopt a vacated Barlow packing with ordered vacancies.
The obtained Rh nanostructures exhibit remarkably enhanced
electrocatalytic activity and stability toward the hydrogen evolution
reaction (HER) in alkaline media. Theoretical calculations reveal that
the exceptional electrocatalytic performance of Rh nanostructures
originates from their unique vacancy structures, which facilitate
the adsorption and dissociation of H20 in the HER. This work was
published in Science Advances, 2021, 7, eabd6647.

4,

Two-dimensional (2D) square-like Au nanosheets with an
unconventional 2H/face-centered cubic (fcc) heterophase, composing
of two pairs of opposite edges with 2H/fcc heterophase and fcc
phase, respectively, and two 2H/fcc heterophase basal planes, are
prepared and then used as templates to grow one-dimensional
(1D) Rh nanorods. The effect of different phases in different regions
of the Au templates on the overgrowth of Rh nanorods has been
systematically investigated. By tuning the reaction conditions, three

Pl
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Figure 2 Preparation and structure characterization of o-Pd@Pt and
0-PdHo0.43@Pt NPs.
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types of 1D/2D Rh-Au heterostructures are prepared. In the type
A heterostructure, Rh nanorods only grow on the fcc defects
including stacking faults and/or twin boundaries (denoted as fcc-
SF/T) and 2H phases in two 2H/fcc edges of the Au nanosheet.
In the type B heterostructure, Rh nanorods grow on the fcc-SF/T
and 2H phases in two 2H/fcc edges and two 2H/fcc basal planes
of the Au nanosheet. In the type C heterostructure, Rh nanorods
grow on four edges and two basal planes of the Au nanosheet.
Furthermore, the type C heterostructure shows promising
performance towards the electrochemical HER in acidic media,
which is among the best reported Rh-based and other noble-
metal-based HER electrocatalysts. This work was published in
Journal of the American Chemical Society, 2021, 143, 4387-4396.

5.

We report a general, facile wet-chemical method to synthesize
ultrathin amorphous/crystalline heterophase Rh and Rh-
based bimetallic alloy nanosheets, including RhCu, RhZn, and
RhRu. Impressively, the amorphous/crystalline heterophase Rh
nanosheets exhibit enhanced catalytic activity toward the direct
synthesis of indole compared to the crystalline counterpart.
Importantly, the obtained amorphous/crystalline heterophase
RhCu alloy nanosheets can further enhance the selectivity
to indole of >99.9% and the conversion is 100%. Our work
demonstrates the importance of PEN and metal alloying in the
rational design of Rh-based catalysts, providing a new avenue
for developing efficient metal nanocatalysts for the fine chemical
synthesis. This work was published in Advanced Materials, 2021,
33, 2006711.

6.

We report the crystal-phase engineering of Co and Ni
nanostructures by quasi-epitaxial growth. Specifically, by using
4H-Au nanoribbons as templates, 4H-Au@ 14H-Co nanostructures
are successfully prepared via the quasi-epitaxial growth.
Notably, due to the large lattice mismatch between Co and Au,
ordered misfit dislocations are formed at the Au/Co interface,
resulting in a new phase of Co, namely 14H. By fine tuning the
reaction conditions, Co can form branches or thin layers on 4H-
Au surfaces, resulting in two kinds of nanostructures that are
denoted as 4H-Au@14H-Co nanobranches and 4H-Au@14H-
Co nanoribbons, respectively. Moreover, by using a different
synthetic method, 4H-Au@2H-Co nanoribbons with thicker Co
layer are also prepared, in which ordered dislocations with
different periodicity are observed. This method can also be used
to prepare 4H-Au@2H-Ni nanoribbons. This work was published
in Advanced Materials, 2021, 33, 2007140.
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BRREE (90 ¢) WEBBEKARPER
Rh(acac)s * [ FE 18 /NFEN el EE S R E 4
WEBEEK / #REHENEERAKE o 1t
Fb - BB % Rh(acac)s M Cu(acac)z * Zn(acac)2
=% Ru(acac)s EREG > EHEEREHETH
AERARIEELELESE (RhCu - RhZn:
RhRu) ERHKF N ATEEK - EEBFNE
HEBR Cu e S/EAFEBEE RhCU #KA
FRABEZEERBIRNEMEEREE(CE - fiE
SESZELE BT/ £RERNFETES
RE®LEE BRE-—SCusait B
F | # & B RhCu #K 5 AT 1S 100% ML
ZF099.9% M E MBI MREEM o BB IT(FRE
THRMBREIRENESBS ST Rh EELE
EERTPNEEM > ABRBBELCERERTP
SRERNEBEEELCERET —HIER -
% T 1 % 3 B Advanced Materials, 2021, 33,
2006711 °

6.
AR A EIMEE R AL Co M Ni #REBER
BRI o A 4H-Au K E/EB AR » Co A
BUMEERTE AuRE » B3] T 4H-Au@14H-Co
SRR 4ERE o B Au M Co 2 I BRI E
B K £ Au/Co REEF T B F A8 -

WMEET —& Co WM Bl 14H - B{LER
ErRREREBSENENSEERIIEERMN Co
ORI E R R > RREFER—BEENIIN
BEEIWRET 14H 8 - B3 4H-Au@14H-Co #h
KREBEHE o 1o MAFRBERERE 7
AR Au/Co REEMEEHER > RItIMNEER
B Co BERB W LUK 2H 18 » B3 4H-Au@2H-
Co #KR #4548 o A 14H-Co #ELL - 2H-Co #1 Au
ZENSEETTEESR/) > FElt 2H-Co BEE
Ltk 14H-Co BERBFEE - B AT ARSI
EAER2H AN NI BEE © B2 4H-Au@2H-Ni
BOREEB -HRCoFMNNEEEETR -

£ 4H-Au/2H-Co 1 4H-Au/2H-Ni 57 TH 5E B9 {1 88
BHAHERE o ZTE RN Advanced Materials
2021, 33, 2007140 °
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We report the preparation of Pd nanoparticles with an
unconventional hexagonal close-packed (2H type) phase, referred
to as 2H-Pd nanoparticles, via a controlled phase transformation
of amorphous Pd nanoparticles. Impressively, by using the 2H-
Pd nanoparticles as seeds, Au nanomaterials with different
crystal phases epitaxially grow on the specific exposed facets of
the 2H-Pd, i.e., face-centered cubic (fcc) Au (fcc-Au) on the (002)
h facets of 2H-Pd while 2H-Au on the other exposed facets, to
achieve well-defined fcc-2H-fcc heterophase Pd@Au core-shell
nanorods. Moreover, through such unique facet-directed crystal-
phase-selective epitaxial growth, a series of unconventional fcc-
2H-fcc heterophase core-shell nanostructures, including Pd@Ag,
Pd@Pt, Pd@PtNi, and Pd@PtCo, have also been prepared.
Impressively, the fcc-2H-fcc heterophase Pd@Au nanorods
show excellent performance toward the electrochemical
carbon dioxide reduction reaction (CO2RR) for production of
carbon monoxide with Faradaic efficiencies of over 90% in an
exceptionally wide applied potential window from -0.9 to -0.4V
(versus the reversible hydrogen electrode), which is among the
best reported CO2RR catalysts in H-type electrochemical cells.
This work was published in Journal of the American Chemical
Society, 2020, 142, 18971-18980.

8.

We report a one-pot wet-chemical synthesis of well-defined
heterophase fcc-2H-fcc gold nanorods at mild conditions.
Single particle-level experiments and theoretical investigations
reveal that the heterophase gold nanorods demonstrate a
distinct optical property compared to that of the conventional
fcc gold nanorods. Moreover, the heterophase gold nanorods
possess superior electrocatalytic activity for the CO2RR over
their fcc counterparts under ambient conditions. First-principles
calculations suggest that the boosted catalytic performance
stems from the energetically favourable adsorption of
reaction intermediates, endowed by the unique heterophase
characteristic of gold nanorods. This work was published in
Nature Communications, 2020, 11, 3293.

9.

We report the crystal phase-controlled synthesis of PtCu alloy
shells on 4H Au nanoribbons, referred to as 4H-Au nanoribbons,
to form the 4H-Au@PtCu core-shell nanoribbons. By tuning
the thickness of PtCu, 4H-PtCu and fcc-PtCu alloy shells are
successfully grown on the 4H-Au nanoribbon cores. This
thickness-dependent phase-controlled growth strategy can
also be used to grow PtCo alloys with 4H or fcc phase on 4H-
Au nanoribbons. Significantly, when used as electrocatalysts
for the ethanol oxidation reaction (EOR) in alkaline media,
the 4H-Au@4H-PtCu nanoribbons show much better EOR
performance than the 4H-Au@fcc-PtCu nanoribbons, and
both of them possess superior performance compared to the
commercial Pt black. Our study provides a strategy on phase-
controlled synthesis of nanomaterials used for crystal phase-
dependent applications. This work was published in Nano
Research, 2020, 13, 1970-1975.

7.
BMBBBEERZEENE (Pd) HRERNH
HEBREERTHEERFEH 2H A8 Pd K
A (2H-Pd) W AJEFIE - BER > E—F U
2H-Pd #KER B RE  BRTE (Au) BEX
HIEWEREHSEZEEIIMER > NEOT
J (fcc) 18 Au ERTE 2H-Pd #9 (002) &E L -

m2H 1 Au BIERE 2H-Pd IVEMBERE L -
M fec-2H-fec 248 PA@AU B R AR ©
EEEFHNEERBEIIMEERREAER—ER
RAREREE—ZRIHEE BE fcc-2H-fcc £48
HEBNEBWARREEME - B PA@Ag

Pd@Pt » Pd@PtNi &2 Pd@PtCo © thoh - F {5
1] foc-2H-fec BB Pd@AU R4 K EE A L
BREEft Sz REE —F RN E
PFRALEENEE - HE-09F-04VHEESE
NEBRHZEE 90% U EWENERE &2
2B AIFIA H RSOSSN R ELIERE
2 — o Z ITIEE KR Journal of the American
Chemical Society, 2020, 142, 18971—18980 °

8.
BMBERET —ER(E WL RE AN
YT HE T EBEBEEBEBN fcc-2H-fcc Au
MK AE - WER Au RENERNE mEEE
REKP - EERM fec 48 Au K BEE - £
AuCREEBBATRIN N EME - o £
BEC-GSRERERESR  EH8 Au K#EEL
B fecc B AUACRBERBHEMEENEME
BE o FE—MREFTEETT fecc-2H-fec Au #iK
BNEREEAEEEANNREM —SRERN
HEEY > tmigs T HEEMeE o R TFE
R Nature Communications, 2020, 11, 3293 °

9.
BB 4H Au HK S i 4 R 08

(PtCu) A& EH T 4H-Au@PtCu IR 4K %
HEUE - BBAZEPICUBRNEREE » KM
A2 BITE 4H Au 2 L4 R 4H @& A8F0 fec RABAS
B PICuEE - ZE MK E A AR 4H Au
R L4+ R 4H &85 fec BAEMVEHE, (PtCo)
B& o FTEE N 4H-Au@4H-PICu IR B 1E A
ERfccBEatELBEMERGETRELE
4H-Au@fcc-PtCu R EFE I fE b ERE » BE=
EMIEREAHRELE - BEIERRER
A TTEENAKM BN SRR EERSENEE
MERMREHRT —EHARK - ZTEERRN
Nano Research., 2020, 13, 1970—1975 »
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10.

We report a crystal phase-dependent catalytic behavior
of Cu, after the successful synthesis of high-purity
4H Cu and heterophase 4H/fcc Cu using the 4H and
4H/fcc Au as templates, respectively. Remarkably,
the obtained unconventional crystal structures of Cu
exhibit enhanced overall activity and higher ethylene
(C2Ha4) selectivity in CO2RR compared to the fcc Cu.
Density functional theory calculations suggest that
the 4H phase and 4H/fcc interface of Cu favor the C2H4
formation pathway compared to the fcc Cu, leading
to the crystal phase-dependent C2Ha4 selectivity. This
study demonstrates the importance of crystal phase
engineering of metal nanocatalysts for electrocatalytic
reactions, offering a new strategy to prepare novel
catalysts with unconventional phases for various
applications. This work was published in Journal of the
American Chemical Society, 2020, 142, 12760-12766.

1.

We report the synthesis of binary (Pd-P)
crystalline@amorphous heterostructured nanoplates
using Cus-xP nanoplates as templates via a cation
exchange method.The obtained nanoplate possesses a
crystalline core and an amorphous shell with the same
elemental components, referred to as c¢c-Pd-P@ a-Pd-P.
Moreover, the obtained c-Pd-P@ a-Pd-P nanoplates
can serve as templates to be further alloyed with Ni,
forming ternary (Pd-Ni-P) crystalline@amorphous
heterostructured nanoplates, referred to as c-Pd-Ni-
P@ a-Pd-Ni-P. The atomic content of Ni in the c-Pd-Ni-
P@ a-Pd-Ni-P nanoplates can be tuned in the range
from 9.47 to 38.61 at%. When used as a catalyst, the
c-Pd-Ni-P@ a-Pd-Ni-P nanoplates with 9.47 at% Ni
exhibit excellent electrocatalytic activity toward EOR,
showing a high mass current density up to 3.05 A
mgrd-!, which is 4.5 times that of the commercial Pd/
C catalyst (0.68 A mgrd-1). This work was published in
Advanced Materials, 2020, 32, 2000482.

10.

B AL 4H 7 4H/fcc Au BEIAEH 7T S4E 4H
A F 4H/fcc 2E REE (Cu) WERME 1B
TT CuRBEMRBHELEME - HERM fcc
@i CutBtt - EEFEER RN Cu HKH R
E_StMEERREFRRBEESHNEENZ
HREN BEZRERITELERE—SPHEH
fcc Cufftt » 4H &#48 Cu Ml 4H/fcc BAHE AR
FIRCIHESE  KMBHT RERENCHE
B EEIBRTESBHRELCENSZET
EHESHESEIEMENEEY  RFHREET
—EREBEEFEREEHEECENT I E -
ZIAEZ RN Journal of the American Chemical
Society, 2020, 142, 12760—12766 °

11.
RMBBEEH T RIBRNEREE > B Cus-xP #
KEBSBAREUET PAd-P-RB @ EETFEE
MK (858 B c-Pd-P@a-Pd-P) o Z#KKE
BEEFZEEROUREELRE o o FIESH
c-Pd-P@a-Pd-P K F Al EREA » E— B
BE2tRESIAEZEQBELRRERE
9 Pd-Ni-P = T# K /5 (88 & % c-Pd-Ni-P@a-
Pd-Ni-P) ° 3 1M 2 38 c-Pd-Ni-P@a-Pd-Ni-P #%
KEH N BWEETE 9.47 E 38.61 at% HIEE
RIEITIIE o LLoh  FTEB M c-Pd-Ni-P@a-Pd-
Ni-P #3K B (NIE 25 947 at%) EBEHE
EERILCBEICRERRBELERNEME
HREEMSE 3.05 A mgee! » 27 A Pd/C 1
{LEl (0.68 A mgra!) f94.51F c ZITE#EKRR
Advanced Materials, 2020, 32, 2000482 °
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12.

We report a systematic study of surface-plasmon-driven
hot-electron-induced photocatalytic reduction of para-
nitrothiophenol (pNTP) to p,p'-dimercaptoazobenzene under
visible light on Au nanostructures with different crystal
phases by in-situ surface-enhanced Raman spectroscopy
(SERS). Our results indicate that the photocatalytic rate of
unconventional 4H Au is nearly 6-8 times that of conventional
fcc Au, suggesting the greater activity of hot electrons on 4H Au.
Further electrochemical reductions of pNTP on the 4H and fcc
Au nanostructures in agqueous solutions also confirm the higher
catalytic activity of the 4H Au. Our study demonstrates that the
synthesis of Au nanomaterials with controlled crystal phases
paves the way for developing highly efficient catalyst. This work
was published in ACS Materials Letters, 2020, 2, 409-414.

13.

We report a systematic study on the thermal effect of ultrathin
4H Au nanoribbons by using in situ transmission electron
microscopy characterization. Despite Rayleigh instability
upon moderate electron beam-induced heating below ~400
K, there is no obvious phase transition observed in ultrathin
4H Au nanoribbons. However, phase transition from 4H to
fcc occurs when heating temperature reaches ~800 K, which
agrees well with the molecular dynamics simulations. This
work provides key insights into the thermal stability of ultrathin
4H Au nanostructures and may facilitate their future practical
application in nanoelectronics, plasmonics, and catalysis. This
work was published in Matter, 2020, 2, 519-521.

14.

We report the discovery of a unique thiol molecule, namely
bismuthiol I, which can induce the transformation of Pd
nanomaterials from fcc phase into amorphous phase without
destroying their integrity. This ligand-induced amorphization
is realized by post-synthetic ligand exchange under ambient
conditions, and is applicable to fcc Pd nanomaterials with
different capping ligands. Importantly, the obtained amorphous
Pd nanoparticles exhibit remarkably enhanced activity and
excellent stability toward electrocatalytic hydrogen evolution
reaction (HER) in acidic solution. This work provides a facile and
effective method for preparing amorphous Pd nanomaterials,
and demonstrates their promising electrocatalytic application.
This work was published in Advanced Materials, 2020, 32,
1902964.

12.

RAAARMREEBNE N (SERS) &4
3 T IRME R E R ABR Au AR &8 LRV
BERXRE (pNTP) EXRESHHTESHEEN
BETFETRENBICRE  £Kpp -=H
HERAFRNBRE - RMABBEFERRZEN 4H
Au ER R ELERE R EERSRMEM fcc Au LB
X 6-81% HE4H Au LFIEENREFHEESE
SREEN - E—SHNBEBIERERE
£ 4H Au L35 pNTP BR AB S E KRB A EM
HWER fecc Au e BIET/EIB TR T ER Au HURA
RTESENTEERERESWRILENER
M o B TYEZR RN ACS Materials Letters, 2020,
2,409—414 »

13.
BB RNEFNETEMRERAGMETEE
4H Au FRERI BT FE - IV ES T REGH
TNELE 400 K BATRBF » A BUEEEIZE R 4H Au 48
KRELMABPAREY "HRAE BR AmHE
SBRE 4H BRARARIBEE - MEMAEBEEEE
800 K BF » Au KA B A 4H R fec K
g THREBRHEY T HEREESNE
RIEYE - BEIEERTEE4H Au #3K
ERPABEN  WAREEERKRESF54
LT ANECSEGNERER - ZTERRR
Matter, 2020, 2, 519—52 °

14.
BPBET - EBSENRES T—1,34- B
MW -2 5- ks - HAIEE Pd HKHRHE fec &
HEESEETFEHEMAISRESBNTEM - &5
—REFENEEMCEERGG T RBOER
BWERNER  WHBERAEGTEXREIHEE
B fcc Pd R EIHEER AL - FTEBSNEER
Pd#CRENEBRERGTEERAZRSNERE
EEEMNBFNRESE - EEIT/FRET —
BEBEETE Pd #ERMRINEE - BRAE
WERRTZMAESE\CESNEFERAS
% T 1E 3 R M Advanced Materials, 2020, 32,
1902964 ©
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The research team established a corresponding theoretical model
to predict and guide the stable states of the multistable shells. After
the theoretical model study and the preparation process of the
multistable metal shells, the research team carried out the study of
the morphological conversion characteristics of the local bistable
region under the action of external point, line and surface loads,
and obtained the corresponding optimal arrangement form of the
external loads that stimulated its morphological conversion. The
research team further proposed the remote wireless controllable
morphological conversion approaches for the bistable and
multistable shells using mechanical drive rods and pneumatic
suction cups, and developed the corresponding driving system
to achieve the morphological conversion of the bistable and
multistable metal shells.

The research team applied the bistable and multistable
nanostructured shells to underwater equipment and variable
wings. An underwater profile water quality monitoring system and
a variable wing structure model were realized. The corresponding
technique has won the special gold medal of the China University
Science and Technology Achievement Fair, the gold medal of the
China (Shanghai) International Invention and Innovation Exhibition,
and the gold medal of the "Invention and Entrepreneurship Award
Project Award" of the National Invention Exhibition.
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Breakthrough Research Heralds a New Diamond Age

A team co-led by Professor Yang LU, in collaboration with experts
from Massachusetts Institute of Technology (MIT), Harbin Institute
of Technology (HIT) and so on, has successfully achieved elastic
straining of diamond at an unprecedented level, a breakthrough
that heralds a new diamond age in the utilization of the gemstone in
microelectronics, photonics, and quantum information technologies.
Their findings have been published in the prestigious journal
Science under the title “Achieving large uniform tensile elasticity in
microfabricated diamond”

The research results show that microfabricated single-crystalline
diamond tensile sample can attain a maximum uniform elastic strain
of up to 9.7%, which is close to the theoretical elastic deformation
limit of diamond.

With its ultra-high thermal conductivity and exceptional carrier
mobility, diamond is not only the hardest material in nature but also
a promising electronic material that can tolerate high power and
high frequency applications.

However, one obstacle to the development of diamond-based
electronic and optoelectronic devices is the “doping” challenge
caused by the ultra-wide bandgap and its small lattice parameter.
Professor Lu’s team was determined to resolve this hurdle by
applying elastic lattice strain to control and change the electronic
property of diamonds through a mechanical way.

Professor Lu microfabricated single-crystalline diamond into bridge-
like structures from a solid piece of diamond crystal with a well-
defined crystalline orientation, and achieved sample-wide large
uniform strains under our tensile platform. The team also showed
that in the process of uniaxial tensile straining, the change in the
crystal structure of diamond will reduce its electronic bandgap,
making its application in electronic devices possible.

In 2018, Professor Lu and collaborators revealed for the first time
that diamond nanoneedles could undergo ultra-large and fully
reversible bending deformation. However, those samples were
difficult to control and the resulting strain field was highly localized,
which was not ideal for practical device application. This time the
team has developed advanced microfabrication processes for bulk
diamond crystals in obtaining well-defined diamond bridge samples.
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Experiment results found that diamond bridges of about 1
micrometer in length and 100 nanometer thickness can sustain
a highly uniform elastic strain distribution of about 7.5% across
the sample, as characterized by Professor Lu’s tailor-made
nanomechanical tensile platform in a controllable manner.

By further optimizing the sample geometry according to the
American Society for Testing and Materials (ASTM) standard, the
team demonstrated that some bridge samples achieved a maximum
tensile strain of up to 9.7%. It surpasses the local maximum strain
value in our 2018 research.

To assess the impact of such large elastic strains on the electronic
property of diamond, the team performed theoretical calculations
according to the applied tensile strains in experiments and found
that the bandgap of diamond generally decreases as the tensile
strain increases, with the largest bandgap reduction rate down from
about 5 eV (electron volt) to 3 eV at about 9% strain along a certain
crystallographic orientation, which would greatly facilitate diamond'’s
electronics applications and boost a device’s performance.

To demonstrate the concept of strained diamond device, the team
successfully microfabricated diamond array samples with multiple
bridges, and realized the large, uniform, reversible straining of
diamond bridge arrays.

The world had been entering a new diamond age. In the near future,
the team will be able to apply strained diamonds in the production
of electronic devices.

Professor Lu, Dr. Alice HU, also from MNE, and Professor Ju LI from
MIT as well as Professor Jiagi ZHU from HIT are the corresponding
authors of the paper. The co-first authors are Dr. Chaoqun DANG,
PhD graduate, and Dr. Jyh-pin CHOU, former postdoctoral fellow at
MNE, Dr. Bing DAI from HIT and Chang-ti CHOU from National Chiao
Tung University. The other researchers from CityU are Dr. Rong FAN
and Weitong LIN, both from MNE. Other collaborating researchers
are from Lawrence Berkeley National Laboratory and Southern
University of Science and Technology.

The research was funded by the RGC of HKSAR and NSFC.

This research article originated from the Research Stories on CityU
Website.
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108 Many Hands make Precious Work

A joint research team led by Professor Lu from CityU has successfully achieved the unprecedented elastic straining of diamond.
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Professor Yong YANG's Group
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Super-elastic High-Entropy Elinvar Alloy Discovered with Potential
for Aerospace Engineering

Metals usually soften when they expand under heating, but a
research team led by Professor Yong YANG, together with his
collaborators have discovered a first-of-its-kind super-elastic alloy
that can retain its stiffness even after being heated to 1,000K
(about 727°C) or above, with nearly zero energy dissipation. The
team believes that the alloy can be applied in manufacturing high-
precision devices for space missions. The findings were published
in the prestigious science journal Nature under the titled “A Highly
Distorted Ultraelastic Chemically Complex Elinvar Alloy”

Challenging thermal expansion principles

Usually the elastic modulus i.e. stiffness, of most solids including
metals, decreases when the temperature increases as a result
of thermal expansion. However, Professor Yang and his team
discovered that a high entropy alloy, called Co2sNi2s(HfTiZr)so,0r “the
high-entropy Elinvar alloy’ reveals the “Elinvar effect” This means
that the alloy firmly retains its elastic modulus over a very wide
range of temperature changes.

When this alloy is heated to 1,000K, i.e. 726.85 °C, or even above, it
is as stiff as, or even slightly stiffer than, it is at room temperature,
and it expands without any notable phase transition. This changes
our textbook knowledge, as metals usually soften when they expand
under heating.

This was an accidental discovery. The team discovered this
phenomenon in 2017 and spent several years trying to understand
the underlying mechanisms to determine why the alloy’s stiffness
does not change with increased temperature. The experiment
verified that the microstructure and mechanical properties of the
alloy were insensitive to annealing at 1,273 K (1,000 °C) for different
time durations.This means the stiffness of the alloy remains
invariant to temperature. According to the literature, no known
metals have been found to behave this way before the team’s
findings.
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The stiffness of the the high-entropy Elinvar alloy
remains invariant with temperature. (CityU)
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Special structure leads to unique properties

Professor Yang and his team recently discovered the reason behind
the discovery: a special highly distorted lattice structure with
a complex atomic-scale chemical composition. Because of the
combination of the unique structural features, the high-entropy
Elinvar alloy has a very high energy barrier against dislocation
movements. Consequently, it displays an impressive elastic strain
limit and a nearly 100% energy storage capacity.

The team also discovered that the high-entropy Elinvar alloy has an
elastic limit — the maximum strain that can be developed within it
without causing permanent deformation — of about 2% in bulk forms
at room temperature, in sharp contrast to conventional crystalline
alloys which have an elastic limit of less than 1%.

While an alloy with a similar composition was reported several years
ago, its structure and behaviour were not understood at the time. In
this study, the team developed three atomic structural models for
the same alloy with different distributions of the element atoms and
compared the properties. They patented the discovery based on this
systematic investigation of the alloy system.
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The figure shows that the elastic modulus of the alloy remains almost constant (a slight increase) when the temperature
rises from 300K to 950K, i.e. from 26.85 ¢ to 676.85 ¢ . The finding suggests that the structure is stable even at very high

temperatures. (Credit: Q.F He, et al./DOI number: 10.1038/s41586-021-04309-1)

IEERESHIMEEEMEAZE 300K E) 950K (BIH 26.85¢Z 676.85¢) i HEIEAFFE  EEHREMNT - ERARRES

UMEE S WEBESRENAREE (DOl number: 10.1038/s41586-021-04309-1)

12 Many Hands make Precious Work

Potential for making high-precision devices

Interestingly, the team found that the alloy is “very springy” and
can store a large amount of elastic energy. Professor Yang pointed
out that the alloy could be used for energy storage for subsequent
energy conversion. Since elasticity does not dissipate energy
and therefore will not generate heat, which can cause devices to
malfunction, this super-elastic alloy will be useful in high-precision
devices, such as watches and chronometers.

The research team envisions many applications for the alloy,
particularly in aerospace engineering, in which devices and
machinery are expected to undergo drastic temperature changes.
For example, the temperature ranges from 122°C to -232°C on
the surface of the moon. This alloy will remain strong and intact
in an extreme environment, and so it would fit very well with
future mechanical chronometers operating within a wide range of
temperatures during space missions.

ProfessorYang, Professor David Joseph SROLOVITZ (a former CityU
scholar, now at the University of Hong Kong (HKU)) and Professor
Chun-Wei PAO from Academia Sinica are the corresponding authors
of the paper. The first author is Dr. Quanfeng HE from CityU’s MNE
(one of Professor Yang'’s former PhD students) and the contributing
authors are Dr. Jianguo WANG from MNE (one of Professor Yang’s
former post-docs) and Dr. Hsin-An CHEN from Academia Sinica (one
of Professor Pao’s former PhD students). Also contributing to the
research were Professor Chain Tsuan LIU, Professor Yang REN from
CityU’s Department of Physics, and Dr. Junhua LUAN, Dr. Zhaoyi
DING, Mr. Ziging ZHOU and Dr. Jichao QIAO, all from CityU.

The research was supported by CityU, RGC of the HKSAR, the
Guangdong Major Project of Basic and Applied Basic Research,
China, and the Academia Sinica Career Development Award.

This research article originated from the Research Stories on CityU
Website.
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The team developed three atomic structural models for the same alloy, with
different distributions of the element atoms, and compared their properties.
Model Il and Il agreed well with the experimental results. (Credit: Q.F. He, et
al. / DOl number: 10.1038/s41586-021-04309-1)
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In this scenario, the self-destruction microchip based on energetic
materials (EMs) and Au/Pt/Cr microheater has outstanding
advantages. On the one hand, EMs, such as explosives, propellants
and pyrotechnics, store a large amount of energy in the form of
chemical energy, which can be released rapidly under external
stimulation. The controllable trigger, rapid energy-release process
and strong destructive property of EMs aptly meet the requirements

of transient chips. Compared with traditional EMs, nano-energetic
materials (nEMs) possess smaller size, faster reaction rate, and
easier integration with microchips, so they are more suitable for self-
destruction microchips. On the other hand, the Au/Pt/Cr microheater
itself is prepared by a MEMS-compatible micromanufacturing
process, and a small current can trigger a rapid heating of the
Pt resistance, so it is suitable for triggering the combustion or
explosive reaction of nEMs. Therefore, we build an independent
current-triggered self-destructive module by integrating Au/Pt/Cr
microheater and nEMs. It can be used as an add-on module to any
CMOS and IC design without requiring any specialized chip design,
resorbable solutions, special substrates, or encapsulation.
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Preparation of self-destruction microchip

The structure and geometric dimensions of Au/Pt/Cr microheater are
determined by the numerical simulation. Then Au/Pt/Cr microheater
is manufactured by MEMS technology combined with the use of
photolithography technology and physical vapor deposition method.
The Au, Pt and Cr layers with the geometric structure determined
by the above simulation are sequentially deposited and patterned
on the electrical and thermal insulation layer. A layer of photoresist
is first deposited on a high thermal-resistance glass substrate,
and then the deposited photoresist is patterned by high-precision
photolithography; then electron beam evaporation technology is
used to deposit the Au/Pt/Cr three layers; finally, high-precision
photolithography technology is used to etch the gold on the specific
part with gold etching solution. Figure 1a is a single Au/Pt/Cr
microheater on a glass substrate with high thermal resistance. The
glass substrate with high thermal resistance ensures the low energy
consumption of the microheater, and the high stability of Pt/Au
ensures the high reliability of the microheater.

The nEMs are integrated with the functional area of the Au/Pt/Cr
microheater in the form of a thin film, and then a silicon wafer is
glued on the energetic film, as shown in Figure 1b Silicon wafers
are commonly used as substrates for microchips, so they can be
used to verify the self-destruct effect. During the test, direct current
is applied to the contact pads of the microheater through two
micrometer probes, which heats the Pt resistance and triggers the
combustion or explosion of the nano-energetic film, and finally
destroys the silicon wafer.

Results

By applying a voltage of 20V on both contact pads of the self-
destruction microchip, the upper silicon wafer was successfully
destroyed. The silicon wafer in the central area that was in direct
contact with the energetic film was crushed, and the peripheral
area was cracked, as shown in Figure 1c. Figure 2 is an image of
the moment that the silicon wafer was crushed captured by a high-
speed camera.
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Figure 1 Microscopic images of a single
microheater (a), microchip before self-
destruction (b), and microchip after self-
destruction (c)

1 BEMMESE (a) « BRABEFH (b)
BREMEH (c) WEMEE

Figure 2 The destructing moment of the

self-destruction microchip
2 BRWS A NBREBIR
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1.Ma, X, Gu, S, Li,V, Lu, J, Yang, G & Zhang, K 2021, 'Additive-Free Energetic Film Based on Graphene Oxide and Nanoscale Energetic

Coordination Polymer forTransient Microchip', Advanced Functional Materials, vol. 31, no. 42, 2103199.
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Dr.Yangyang LI's Group
FimmiELiEE R

Inspired by the ancient Chinese practice of "testing poison with
a silver needle", we applied our self-developed portable Raman
system for food safety and major disease detection (Figure 2). Unlike
conventional SERS sensors, our silver needle-based SERS sensors
can be used for non-destructive rapid detection of meat products,
e.g., detecting malachite green residues in fish,[4] identifying
different nutrients in meat products,[1] and detecting heavy metals
in meat [5]. In addition, it can also be used for the rapid detection
of dairy products, the identification of the authenticity of skin care
products and the identification of prohibited additivies (Figure 3),
and the on-site detection of pesticide residues on the surface of
vegetables and fruits.

Since 2020, the novel coronavirus disease (COVID-19) has become a
global public health emergency, with more than 500 million people
infected worldwide by June 2022, including more than 6.3 million
deaths. We have co-opera with Guangzhou Kingmed Ltd. (which
has tested more than 170 million people for the new coronavirus),
and developed a SERS-based fast screening technology for the
new coronavirus. A patent (ZL202111108253.7) based on this
technology has been granted. In order to investigate the SERS
detection mechanism of novel coronavirus disease more deeply, we
collaborated with Professor Zhiwei CHEN's team from HKU to study
the detection of different subtypes of the virus based on platform
of the State Key Laboratory of Emerging Infectious Diseases. In
addition, we have conducted blind testing of clinical samples in
collaboration with the BGI group and will continue to conduct rapid
bacterial screening experiments based on the portable Raman
system.
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Cardiovascular disease (CVD) has the highest morbidity and
mortality rates in the world, it is one of the costliest diseases in
the health care system. One of the critical keys to reducing CVD
mortality is the development of more effective detection methods
for early prediction and intervention. In collaboration with the
Hong Kong Centre for Cardiovascular Health Engineering (COCHE)
and with funding from the InnoHK project, we have conducted an
exploratory study on early screening methods for cardiovascular
diseases based on our in-house developed portable Raman system.
It was found to have excellent results in detecting uric acid (one of
the markers of cardiovascular disease), which can initially identify
urine and blood of cardiovascular patients.

In addition, based on the high-performance, surfactant-free and self-
developed SERS sensor, a series of research results on the reaction
mechanism have been published. [6-8]

In conclusion, the portable Raman system developed by NPMM
has great potential for applications in food safety, rapid screening
of major diseases, authentication of daily consumer products, and
mechanistic investigation of catalytic reactions.
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Figure 1 (A) Comparison of self-developed and commercial probes; (B) Portable Raman systems.
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Figure 2 Application case of self-developed portable Raman system.

2 AEMBIERNSRGNEARD -

Figure 3 Rapid detection of zinc pyrithione in real samples.
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Spectroscopy Screening of Residual Malachite Green in Aquaculture Products', ACS Applied Nano Materials, vol. 2, no. 5, pp. 2752-2757.

5. Liu,Y, Zhou, B, Wang, W, Shen, J, Kou, W, Li, Z, Zhang, D, Guo, L, Lau, C & Lu, J 2022, 'Insertable, scabbarded, and nanoetched silver needle
sensor for hazardous element depth profiling by laser-induced breakdown spectroscopy', ACS Sensors, vol. 7, no. 5, pp. 1381-1389.

6. Zhou, B, Ou, W, Shen, J, Zhao, C, Zhong, J, Du, P, Bian, H, Li, P, Yang, L, Lu, J & Li, YY 2021, 'Controlling Plasmon-Aided Reduction of
p-Nitrothiophenol by Tuning the lllumination Wavelength', ACS Catalysis, vol. 11, no. 24, pp. 14898-14905.

7. Ou, W, Zhou, B, Shen, J, Zhao, C, Li, YY & Lu, J 2021, 'Plasmonic metal nanostructures: concepts, challenges and opportunities in photo-
mediated chemical transformations', iScience, vol. 24, no. 2, 101982.

8.0u, W, Zhou, B, Shen, J, Lo, TW, Lei, D, Li, S, Zhong, J, Li, YY & Lu, J 2020, 'Thermal and Nonthermal Effects in Plasmon-Mediated
Electrochemistry at Nanostructured Ag Electrodes', Angewandte Chemie - International Edition, vol. 59, no. 17, pp. 6790-6793.
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Dr. Zhanxi FAN’s Group
) i) A

of potentials and current densities. Significantly, MMT-modified 4H/
fcc Au nanorods deliver an excellent carbon monoxide selectivity
of 95.6% under the industry-relevant current density of 200 mA
cm-2. In addition, surface molecular functionalization of 4H/fcc Au
nanorods with a family of MMT derivatives can also remarkably
increase the CO2RR performance. And this facile surface molecular
functionalization method can also be extended to the conventional
fcc Au nanomaterials.

Ru, Ir and Rh are effective catalysts for CO2RR in Li-CO2 batteries. Li-
CO2 batteries have been regarded as a promising candidate for the
next-generation high-performance energy conversion and storage
techniques with carbon-neutral capability. It can not only reduce
the CO2 into C but also provide energy for specific applications. By
rational design and careful preparation, we developed a versatile
method for the controllable synthesis of ultrathin 2D Ru-M (M = Co,
Ni, and Cu) nanosheets (NSs) as the cathode catalysts for aprotic
Li-CO2 batteries, which effectively decrease the charge voltage and
overpotential, as shown in Figure 2.[5] Impressively, the charge
voltage and corresponding overpotential for RuCo NSs are 3.74
V and 0.94 V, respectively, which are much lower than those of
RuCo nanoparticles and bare carbon nanotubes, and also superior
over most of the reported metal and metal-based catalysts for Li-
CO2 batteries so far. Ex/in situ experimental studies and theoretical
investigations suggest that RuCo NSs can facilitate the round-trip
CO2RR and CO2ER kinetics through the promoted adsorption toward
Li and CO2 and also the enhanced electron interaction with Li2COs
by in-plane RuCo alloy active sites, respectively.

EE@E CORR MaE - BHBEIEME 7
T E8RIM 200 mA cm-2 ERZET » MMT
MR 4Hffec Au #RIERIBH 95.6% K
&—F bHRIEM -tk BB MMT $74£
YIKHRH 4Hlfcc Au SRR RE 2 F I 8E
bt ATLAEEE RS CORR MEE - MAERE
EEMNRED TR At o LU EEE
RTINS T S KRBT o

Ru -~ Ir 1 Rh & Li-CO2 Ett# CO2RR H9&
WARILE o Li-CO2 Bl B EEATRDPM
BENM T —R et EEERAFHEEMNN
BHEHRESE - ETNETUSZ -—FLE
RAE EULABEEMARMEE - B8
BERETABOESE > RABET —EaE
AHRBE=4 Ru-M (M =Co - Ni M Cu)

K (NSs) fEARIEEF Li-CO2 EIER
ECEIRBR AL BRI A MK
ZEER - WE 2 AR [5] ° T ABSRAN
£ 'RuCo NSs WA EEBEMIEBENBEN
SBIE 3.74 V # 0.94 V- =K RuCo #
KREWMBERAKE  HERESHAIERS
HEHRENAR Li-CO: BN BNEEE
ELE o S0 R BB RN E R ERERR
RuCo NSs A LUBBEESE Li F1 CO2 MK
ML\ BB E A RuCo & & F M1 B 5 e
Li2COs W& FHEE1EARIEELR CO2RR
M COER I H 2 o

Figure 1 Preparation method and structura
characterization of 4H/fcc Au-MMT.
1 4H/fcc Au-MMT HBUETS AR SRS -
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In addition, these kinds of precious metals can also be used to tune
the selectivity of Cu-based catalysts via forming tandem catalysts
or heterostructures, especially for the production of value-added
multicarbon products (C2+). Generally, Ag, Au, and Pd are CO-
selectivity catalysts, and Cu can reduce CO to multi-carbon products
more easily. A Tandem catalyst combining precious metals with Cu
can decrease the CO2RR energy barrier and improve the activity
and selectivity of C2+. Thus, via the rational control of surfactant and
reduction kinetics of Cu precursor, we synthesize three kinds of Ag—
Cu Janus nanostructures with {100} facets (JNS-100), as shown in
Figure 3.[6]These Ag—Cu JNS-100 are all highly selective tandem
catalysts for the electrochemical reduction of CO2 to C2+ products.
Impressively, the Cu nanoparticles are grown along one side of the
silver nanocubes, which is the first reported cube-to-cube Junus
structure. Significantly, Cu(100) facet is beneficial for the production
of C2+ products, so the novel Janus structure shows very good
CO2RR performance toward C2+ products. In particular, Ag65-Cu35
JNS-100 can effectively achieve excellent faradaic efficiency of 54%
and 72% for C2Ha and C2+ products, respectively.

In summary, we realized the controlled synthesis of unconventional
phase Au-based catalysts, Ru-M ultrathin nanosheet, and Ag-Cu
cube-to-cube Junus structure for CO2 reduction. Phase engineering
of precious metals will not only enrich the catalysts for CO2RR
and beyond but also inspire new theories in material science
and catalysis science.[7][8] And the rational design of hetero
nanostructures with the integration of two or more materials are
one of the most effective ways to improve their performance, which
will contribute to the development of structure control and interface
engineering. And the innovation in materials will finally contribute
to the practical application in chemistry and beyond.

o EEESBYERETRANBBERS
B e b B R E AR SR B (L Bl fy i
B BRRAREERESHRER (Cor) o
—RRIREH - Ag ~ Au Fl Pd 2 CO EIEEM &L
B CulJNERZHE COBRAZME
o BEESBE CutEH BEHE(LE R
PR{K CO2RR B2 & » 1R & Cor HYSE I FNRE
Mo Ftt BBAEZERREEMEEM Cu
ARENERE L RFHEKT=EAEE
{100} & M K9 Ag-Cu Janus K4 (INS-
100) - M@ 3 T 7R [6] ° %= L& Ag-Cu JNS-
100 2FFE AR CO2 BLBERA Cor B
VIR SR B R (L - © AENSIRZIM
2 Cu ACREER L Z R ANK L 758800 —
AR ERE—BENRENISBATLE
Junus &1 - EEBEERE  Cu(100) &E
BRI C EYWEE - FHLLFHEH Janus
R Cx EYRBALIIFEHH CORR
BE 45 BI 2 » Age5—Cu35 JNS-100 "I LA E
M BIRE CoHs F Co+ ERDBIEE 54%
M 72% WEEENERE o

MR RMBETIHEERE Au EE1E
El ~ Ru-M BEHKE F Ag-Cu MY
T8 Junus EBHIAMEEK - WHKRK CO22
R BESBEIBETEZET CORR RHE
f BT A AL - BB AR R BRI (b
BIERFIE [7][8] o MG MED S MK E
BE—RBNEEMREBNESERTRES
HMBENRERERER 22— EHEMREE
EHAMAEIENER - TRNAIFRAE
BEIMLER H BN ERRER ©

Figure 2 Synthetic route and structural characterization
of ultrathin RuCo alloy nanosheets for the aprotic Li-
CO2 battery.

2 ARIEETF Li-CO2 BiAYEE RuCo B2 #KH
B R EREBRE -
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Figure 3 Synthetic protocol and structural characterization of Ag—Cu JNS-100.

3 Ag-Cu JNS-100 & R R BRE -
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Dr.Yang Tao’s Group
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configurations provide a strong synergistic function
to alter the electronic structure. Furthermore, the
unique L12-type ordered structure enables a specific
site-isolation effect to further stabilize the H20/H*
adsorption/desorption, which dramatically optimizes
the energy barrier of hydrogen evolution. Such an HEI
strategy uncovers a new paradigm to develop novel
electrocatalyst with superior reaction activities.

Reference £ 3K
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CityU's Strategic Plan 2020-2025: World-class
Research and Education serves as a roadmap
for raising CityU’s levels of excellence in both
research and education and in bringing benefits
to the world. Matter is highlighted as one of the
five interdisciplinary strategic themes. NPMM
members are committed to advancing the
frontiers of knowledge by undertaking cutting-
edge research. Their top-level research is highly
recognized by CityU and featured as

on the CityU website. Some
of these research stories are selected in this
section.
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Novel “Ink” Gives Birth to
4D Printing for Ceramics

2ih =K ] SE
WAREE 400 HTED

Due to its high melting point, ceramic cannot be cast or shaped
easily. Hence, it has always been a challenge to produce ceramic
with conventional laser printing or existing 3D-printed ceramic
precursors. A research team led by Professor Jian LU has achieved
groundbreaking results in materials research by developing the
world’s first 4D printing for ceramics. The product is mechanically
robust and able to form complex shapes, turning a new page in
structural applications of ceramics. The innovation was published in
the top academic journal Science Advances under the title “Origami
and 4D printing of elastomer-derived ceramic structures”

To overcome the challenge imposed by the intrinsic properties of
ceramics, the team has developed a novel “ceramic ink’, which is
a mixture of polymers and ceramic nanoparticles. Produced by
this new ink, products are soft and can be stretched beyond three
times their initial length. The flexibility and stretchability allows the
ceramic precursors to form complex shapes.

Butterfly Sydney Opera House

Rose

AAEEeRYE MELFZIHEEIK
o AL FERES w%ﬁz;'z}TEﬂ?imﬂziﬁﬁﬁ’J
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THW—E - HHEEMA LR L (Origami and
4D printing of elastomer-derived ceramic

structures) BREZREENEMIBT (BL£

#RE) Lo

BT RRBEBBRBMATRAKE  AE
BiBAZE T —REHEN - UBSYMEERK
FRABEYERN [BESK] - AL
SBRAEENERENREY > WA RHE
HEARER 3% - MERSERE KR
AR EE R RAERERY AR o

The 3D-printed ceramic precursors printed with the
novel “ceramic ink” are soft and stretchable, enabling
complex shapes, such as origami folding.

RA [HWESK] L 3D TENHRABEAEERE - IR
Brbfife - o] ARASUEEROTAR - flnBEEE -
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Based on the innovative elastic precursors, the team has reached
another milestone by developing two methods of 4D printing of
ceramics. 4D printing is a technique combining conventional 3D
printing with the fourth dimension, where the printed objects can
undergo re-shaping or self-assembly over time with external stimuli.
The new methods involve the use of elastic energy stored in the
stretched precursors for shape morphing. In the first method, a
3D-printed ceramic precursor and substrate are printed with the
novel ink. The substrate is stretched and the precursor is placed
on it connected by printed joints. The materials are morphed into
a designed shape under computer-programmed control of time
and release of the stretched substrate. In the second method,
the designed pattern is directly printed on the stretched ceramic
precursor. It undergoes self-morphing process upon release under
computer-programmed control.

It is believed the shape-morphing capability of the printed ceramic
precursors would open door to wide applications of the material.
Given the exceptional performance of ceramic materials in
transmitting electromagnetic signals, one promising application will
be for electronic devices.The team is enthusiastic to witness ceramic
products playing a crucial role in the manufacture of electronic
products with the arrival of 5G networks. Further, this robustness
and tolerance toward high temperatures of the 4D-printed ceramic
lay a solid foundation for it to be used as a propulsion component in
the aerospace industry and space exploration. With the breakthrough
in material and advancement in 4D-printing technique, the team will
strive to enhance the mechanical properties of the material.

The research was supported by the Major Program of NSFC, the
Hong Kong CRF and TBRS, ITC via the NPMM, the Guangdong
Provincial Department of Science and Technology, and the Science
and Technology Innovation Commission of Shenzhen Municipality.
This 4D printing-based ceramic technology was also listed in the
European Commission’s “700 Radical Innovation Breakthroughs for
the Future” as an example of innovation in 4D printing.
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Professor Jian LU (left), Dr. Guo LIU and the research
team have developed the world's first-ever 4D printing
for ceramics.
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Ultrathin Hexagonal Gold Nanoribbons:

Liquid outside and Solid inside

g NSRRIk -
JERIEE2RERRE

A research team co-led by Professor Hua ZHANG and ProfessorYang
LU, collaborated with researchers of McGill University, revealed
an intriguing phenomenon: while the ultrathin gold nanoribbons
with unique hexagonal (4H type) crystal phase shows “liquid-like”
behavior under heating, its hexagonal crystalline structure remains
stable. This groundbreaking observation deepens our understanding
of thermal stability of this new metallic nanomaterial and facilitates
its practical applications. The research findings were published in the
scientific journal Matter from Cell Press, titled “Thermal effect and
Rayleigh instability of ultrathin 4H hexagonal gold nanoribbons”

Having a size smaller than 10nm, ultrathin metal nanostructures
possess favorable properties distinguishing them from bulk metals
and regular metallic nanostructures, guaranteeing their role as
promising carrier for future nanoelectronics and catalysis. In
particular, ultrathin gold nanoribbons with metastable hexagonal
phase introduced by Professor Zhang from CityU in 2015 have
great potential in plasmonic and catalytic applications. The research
revealed the thermal responses and phase stability of the material
at elevated temperature by advanced in situ transmission electron
microscopy (TEM) techniques.

HREHER BEIAREFTAAENE
EHEEEN —EHRRHRT —EFEBN
R BAREEE LT GHE) FEN
BEESHRFEMRTREL REAR
WITHR BEATRBEABAERER
EeE—RHMUEMBRINRTHMYEE
HESBAKYBABEMEMNIER Wi
ETENEREATREE -ARERE
Cell Press I T 89 & 2 #§ Tl (Matter) £
2% K B A (Thermal effect and Rayleigh
instability of ultrathin 4H hexagonal gold
nanoribbons)

RSP 10 RNBEEBHREBRESR
HEMERREBNEREBRARERED
FHEE  BERNAEPHERRAKEFEN
fELEE  SRMEEEFRITERNRE
BER - EREHRHBIRMN 2015 FHEHAD
REAFTHENBESHKRT  TEEEFEMN
BILEATEABLEEARNED - &M%
BB REN MBS E FRME (TEM) &
flT » I\RTZMEESRE T RERMNAARE
EM e

Schematic diagrams of the shape evolution Schematic
diagrams of the shape evolution before and after E-beam
irradiation. It can be speculated that the surface gold
atoms would diffuse and migrate towards the thickness
direction to minimize the surface area during the Rayleigh
instability process. Therefore, the thicknesses, i.e. both
the necking part (t1) and bulging part (t2) increased.
ZETREHAZNERERZ TEE - TRERKEYER
MNABERER RENSEFEREESOERRE
B USKRERESH) At (BH) M2 (OE)
M2 B EEREEM -
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Under the team’s best endeavor, it was discovered that under
moderate heating, the geometric shape of the 4H gold nanoribbons
changed but crystalline phase inside remained. Its shape
experienced “Plateau-Rayleigh instability” — changing from a
smooth shape into a sinusoidal one under low heating temperature.
This could be explained by the small size of ultrathin nano-metal
which surface atom-to-overall volume ratio is relatively high, such
that the diffusion of surface atoms significantly impacts its overall
shape, resulting in drastic change of shape when heated. It was also
observed that, to reduce surface area while constant total volume
matins, the ribbon shape of gold nanoribbons possesses a general
tendency to become a cylindrical shape when heated. Yet, the most
surprising finding was, despite its liquid-like deformation behavior
of Rayleigh instability, the 4H metastable phase of gold nanoribbons
was stable, remaining in solid crystalline structure free from phase
transition throughout the moderate heating. In other words, the
material reached a state of being both solid inside and liquid on
the outside at once. The team further studied the phase stability at
higher temperature of the 4H gold nanoribbons. It was observed that
the material begins to change its phase from 4H to face-centered
cubic phase as the temperature rises, and the phase transition was
irreversible.

This research strengthens our understanding of the property and
thermal stability of ultrathin gold nanoribbons with 4H phase,
facilitating future practical applications that involve operation under
high temperature. The research was supported by the Start-Up Grant
from CityU, RGC of HKSAR, NSFC, Natural Science Foundation of
Guangdong Province, China and ITC via NPMM.

Professor Yang LU (left) and Professor Hua ZHANG (right) collaborated to unveil the thermal
stability of ultrathin 4H gold nanoribbons at elevated temperatures.
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5 nm

Under the moderate E-beam irradiation heating
for 45 minutes, the “Rayleigh instability”
became more significant in an ultrathin gold
nanoribbon. However, the 4H crystalline phase
still maintains.
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Evaluating Thermal and Non-Thermal Effects in

Plasmon-Mediated Chemical Reactions

o h SR FREN S 2 RED
20 S I FE 2 Ry

Owing to its great application potential, plasmonics has long been
the center of researchers’ attention. A research team led by Professor
Jian LU and Dr. Yangyang LI, developed a novel way to decouple,
quantify and control precisely the thermal and non-thermal effects
shown in plasmon-mediated chemical reactions, substantially
contributing to the design and optimization of plasmonic devices
and their applications. The research findings were published in
the scientific journal Angewandte Chemie, titled “Thermal and
Nonthermal Effects in Plasmon-Mediated Electrochemistry at
Nanostructured Ag Electrodes”

Plasmonics has drawn much attention in both basic and applied
researches as it provides a possibility to manipulate the interaction
between light and matter in a nanoscale. During plasmonic
applications, both hot carrier effect (non-thermal effect) and
local heating (thermal effect) occur. To improve the efficiency
of plasmonic devices, quantification of both effects is helpful.
Following the conventional measure method, thermal effect based
on the surface temperature change is firstly measured, the thermal
effect from the overall plasmonic effects is then subtracted to
deduce the contribution of non-thermal effect. It is challenging to
achieve accurate measurement of temperature by this traditional
method, and a subtle error may render totally different conclusion.
Thus, scientists have never reached a consensus on which effect is
the dominant one.

This graph shows rapid-response currents, slow-response currents, and total photocurrents at
different electrode voltage in electrolyte with laser illumination switched on-off for three times.
(Photo source: DOI: 10.1002/anie.202001152)

TEEATHARIRELENREEER BEEERRAEERER - (BFFK: DO
10.1002/anie.202001152)
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Professor Jian LU and Dr. Yangyang LI are one of the
corresponding authors of the paper.
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The team had broken this dilemma by their latest quantification
method. Bypassing the difficulty of measuring the surface
temperature, the team introduced a novel quantification technique
which measured precise contribution of thermal and non-thermal
effects. The team designed an experimental setup to observe the
photoelectrochemical behaviors of the plasmonic silver electrode.
By close examination of rapid-response currents, slow-response
currents and the total photocurrents at different electrode voltages,
the team quantified the thermal and non-thermal effects exhibited
in plasmon-mediated chemical reactions, and it was discovered
for the first time that plasmoelectric surface potential contributed
to the rapid-response currents. The results also suggested that the
ratio between thermal and non-thermal effects could be controlled
by adjusting the electrode potential, laser wavelength and intensity.
Return to the daunting debate about dominant effect, after deriving
actual temperature of reaction sites from the slow-response current
data, the team concluded that the contribution of thermal effects
was way more significant than anticipation.

Through bypassing the challenge of precise temperature
measurement, the team invented a reliable and convenient
method for quantitatively evaluate the contribution of thermal
and non-thermal effects in plasmon-mediated electrochemical
reactions based on photoelectrochemcial behaviors, deepening our
understanding of plasmon-mediated electrochemical reaction and
paving way for its wide applications.

The study was supported by the National Key Research and
Development Program of China, the Major Program of the NSFC, as
well as the ITC of HKSAR.
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Bypassing the difficulty of measuring the surface
temperature at the reaction sites, the research
team identifies a novel method to quantify
precisely the contribution of thermal and non-
thermal effects. (Photo source: DOI: 10.1002/
anie.202001152)

BEHRNAREXRBARE —EHRSE ETA
MEEENERT  NEBEWEINRMERIFE
BUEHWER- (B RIR: DO 10.1002/
anie.202001152)

Researchers treat the lower part of silver
needles electrochemically before the
experiment, so that uniform nanospheres which
support plasmonic excitation are formed on
the surfaces. Here shows the photographs
and scanning electron microscope images
of the silver needles before (b) and after (c)
the treatment. (Photo source: DOI: 10.1002/
anie.202001152)
MEAELUMPABRANBRECRIEE
BREBHT¥BD - SHREERR T TEN
MOREREERE MRS RESEBEUTERE -
Bl BIEER (b) & (c) WERKES - (B
F 3R 1 DOI: 10.1002/anie.202001152)

(a)Schematic illustrations of the experimental
setup for photoelectrochemical measurements
; (b) three proposed plasmonic effects on
nanostructured silver electrode under illumination
; (c) Nanostructured silver electrode illuminated
in electrolyte generates photocurrents at
different voltages ; (d) Photocurrents generated
at -0.61 V with laser beam illumination at three
different locations. (Photo source: DOI: 10.1002/
anie.202001152)

(a) BEELBNIHE: (b) ERBEET: (o)
FEEBMLTRERMAR; (d) EHFHXBHER
ER-ETRVERNERESR - (BHAXR:
DOI: 10.1002/anie.202001152)
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Novel HEI as Electrocatalyst for
Hydrogen Production

IAinih HEI fFRER S S E

Hydrogen is generally regarded as an ideal clean energy. Hydrogen
production is however costly, hindering its wide development and
application. A team co-led by Professor Jian LU and Professor
Chain Tsuan LIU has developed a low-cost and high-performance
electrocatalyst that can be produced at large scale, paving the way
for general hydrogen production by electrochemical reaction. The
findings were published on the international top academic journal
Advanced Materials with the title of “A Novel Multinary Intermetallic
as an Active Electrocatalyst for Hydrogen Evolution” and featured in
the bottom cover of Advanced Materials.

Electrochemical water splitting, the most nature-friendly method of
hydrogen production, is expensive since existing electrocatalysts are
costly and scarce noble-metal-based. Scientists have been searching
ways to develop new electrocatalysts for wider applications of
hydrogen production. Professor Liu’s team successfully developed
an innovative alloy design strategy for manufacturing high-entropy
intermetallic compounds, which overcame the trade-off dilemma
between strength and ductility in traditional metallic materials
by introducing high density of nanoparticles of multi-component
intermetallic compounds at nanoscale, laying the foundation for
developing novel electrocatalysts.

In this research, Professor Liu’s team cooperated with Professor
Lu’s team which has considerable expertise in noble metal. By
adopting the aforementioned alloy design strategy, the team
successfully developed a new high-entropy intermetallic (HEI)
electrocatalysts comprising of five metal elements with well-ordered
atomic structure. The team managed to produce a dendrite-like
porous structure that increases the surface area for electrochemical
activities, significantly enhancing its electrochemical performance.
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Schematic illustration of the hydrogen evolution
reaction process.(Photo source: DOI: 10.1002/
adma.202000385)
BREEEELtEYELCEERERERBETHNREER -
(B /2R . DOI: 10.1002/adma.202000385)
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The research combined the advantages of high-entropy alloys
(HEASs) - synergistic effects among multinary metal elements — and
intermetallic compounds - intrinsic structural site-isolation effect
and well-tuned electronic structure. By using the atomic-resolution
scanning transmission electron microscopy and 3D-atomic probe
tomography in experiments, the team characterized the atomic
structure of HEI electrocatalyst. Further theoretical calculations even
proved that the synergistic effects and the well-ordered atomic
structure effectively optimized the electronic structure, and hence
promoted the electrochemical water splitting process. Further, the
HEI catalyst demonstrated excellent hydrogen evolution reaction
in alkaline electrolyte solution due to its unique constituents and
structures.

The innovative strategy to produce HEI creates a new paradigm
to develop novel electrocatalyst with satisfactory performance
in reaction activities for splitting water and producing hydrogen.
This technique reduces the cost in electrocatalyst generation and
has been widely employed in industrial production. It is believed
that this novel electrocatalyst will soon become prime candidate in
industrial production of hydrogen.

#EEEMES (HEA) WEZ  THRZS®
BrzzBNHRNE cBELEEUNE
BHEBLEBRNE  URAERIFEN
EFAER ZMRBITBANAR - EB
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Professor Jian LU’s and Professor Chain-tsuan
LIU’s teams join hands together to develop a novel
electrocatalyst which can be produced at large scale
and at low cost.
EBRASBHRELR) I HBENWERETF > BERET
—ERE  TAREIZHEENSHESSELE
BREEUBCBERENEZER -

Conceptual design of the multinary intermetallic
electrocatalyst. This schematic diagram shows the
dealloying process from a dual-phase structure to a
dendritic-like structure. (Photo Source):DOI: 10.1002/
adma.202000385)
ZATEBEBHLESYRLCENESRG  BAEEEE
BHSHEEEILEY (HE) BELIZARRREBHN
T~EE - (BFKR: DOI: 10.1002/adma.202000385)
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Novel Synthesis Approach for Exploring Secrets

Behind TMD Nanomaterials

IR TMI &haiial bl 52k
eIk

Professor Hua ZHANG and Dr. Kedar HIPPALGAONKAR from
Nanyang Technological University (NTU) and Institute of Materials
Research and Engineering (IMRE), A*STAR (Agency for Science,
Technology and Research) in Singapore, used their best endeavor
and successfully developed a novel synthesis technique to produce
high-quality and pure unconventional metastable transition metal
dichalcogenide (TMD) materials in large quantities and solved the
single crystal structures of four of them, paving way for further
fundamental study and practical application. The findings have
been published on Nature Materials with the title of “Metastable 1T’
-phase group VIB transition metal dichalcogenide crystals”

TMD is one of the most promising novel two-dimensional (2D)
nanomaterials, especially the octahedral (1T-phase) and distorted
octahedral (1T'-phase) with metastable structures. However,
given their complex and diverse crystal structures as well as
thermodynamically unstable nature, the unconventional-phase
TMDs usually appear in mixtures with different crystal structures
which are not sufficiently pure or conducive for conducting study on
their intrinsic physical and chemical properties. Attempts have been
made all over the world to develop synthesis methods for these TMD
materials but the outcomes remain unsatisfactory. The obtained
products are of poor quality and inadequate for applications.

The research team overcame the hurdles and developed an
innovative synthesis technique by discovering a unique type of
precursor, which is crucial in the gas-solid reaction for the synthesis
of unconventional 1T'-phase TMD materials. The discovery involves
the utilization of vacuum-sealed ampoules as the reaction vessels for
the raw materials, which successfully produces a series of significant
precursors in a high-temperature environment. These precursors are
then used in a gas-solid reaction with a combination of H2 and Ar for
large-amount synthesis of six unconventional 1T-phase TMD crystals
of high-quality and high-purity. After acquiring these TMD crystals,
the team employed “single-crystal X-ray diffraction technique”
and successfully solved the single-crystal structures of four
unconventional 1T'-phase TMDs for the first time in history, opening
the door to further research in material science, crystallography,
physics and chemistry. Another breakthrough in the current research
is the finding that one of the synthesized unconventional 1T'-phase
TMDs is an excellent superconductor which “superconducting
transition temperature” is proportional to its thickness, making it
one of the best TMD-based superconductors to date.

SR X BT N FF IR T RZE / MR R
B3 T 72 #F 52 Bx #Y Kedar HIPPALGAONKAR
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In light of the efficiency and better general applicability of this novel
TMD synthesis method, it is believed that this method will promote
large-scale preparation of more high-purity unconventional-
phase TMD materials in the future, generating important source
materials for future fundamental and applied research on the
intrinsic physiochemical properties of these next-generation novel
nanomaterials and opening for the exploration and development of
their potential applications. These findings greatly expand the scope
of research and application of Phase Engineering of Nanomaterials
(PEN), and also pave the way for future exploration of the phase-
dependent physicochemical properties of nanomaterials, as well as
laying the cornerstone for the development of practical applications
based on PEN.

ERERERNEINEBREAEE  BER
BHRFRNEEERREEESAEFEER
8 TMD #18} » WAARRAANEIRCEEETT
FERME  WESRZHEEERAED &
BIEBAMER T HKMEIHETIRE (Phase
Engineering of Nanomaterials, PEN) #J #ff
RHEREHE  RFtHASEBERERMRME
AR YIBLEME  URRZRFAZRE
RIBRENERERST TEA -

Professor Hua ZHANG (front row, centre) and his team and collaborators: (back row, from left) Wei ZHAI, Dr. Bo CHEN, Dr. Chaoliang TAN, Dr. Zhenyu

SHI, Dr. Zhuangchai LAl(front row, left) and Dr. Qiyuan HE(front row, right).

RERE A+ BEOMEERNSERS: (B4R 26 REET FEREL £RFHET EHREL L) AMEE#E FHE—) -

Professor Hua ZHANG RE#1% The research team successfully produced
the precursors (the yellow and black
powders in the photo) by using vacuum-
sealed ampoules.
MEAERARLERBHAER  DED
HENREHNHR -

The TMD samples developed by Professor Zhang and
his team.
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Advanced Metallic Materials

Simultaneous Enhancement of Multicomponent  [E:=E

Alloys’ Strength and Ductility
mli5EE S % 6 E M2 EE R 1T

Strength and ductility are usually mutually exclusive in structural
materials. A research team led by Professor ChainTsuan LIU and Dr.
Tao YANG has overcome this dilemma and developed an innovative
strategy to develop new alloys that are not only strong but also
ductile and flexible, laying the foundation for developing more
novel structural materials. This cutting-edge research has just been
published in the prestigious journal Science, titled “Multicomponent
intermetallic nanoparticles and superb mechanical behaviors of
complex alloys”

High-entropy alloys (HEAs), a type of novel materials constructed
with equal or nearly equal quantities of five or more metals.
Attributed to their potentially favorable properties for structural
applications, HEAs are now the center of focus in material science
and engineering. However, HEAs also share the same detrimental
characteristic as most alloys do: the higher the strength, the lower
the ductility and toughness.

The team has successfully reached a groundbreaking solution to this
daunting dilemma - massive precipitation of nanoscale particles.
The team developed a novel HEA namely Al7Tiz. Strengthened by
nanoparticles, it was five times stronger than that of the iron-cobalt-
nickel-based alloy. This is because the additional elements help
to form massive precipitates in the alloy, substantially increasing
strength and ductility.
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The new alloy Al7Ti7 exhibits a superior strength of 1.5
gigapascals and ductility as high as 50% in tension at
ambient temperature.

HRIF T EHRN R SHE S AlrTiy R T REMLR
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Further, the team effectively tackled the “necking problem” by
adding “multicomponent intermetallic nanoparticles” to the
alloy. Increasing the strength of alloy would usually lead to
unstable deformation and necking fracture with very limited
uniform elongation. Yet, the team discovered that engineering
“multicomponent intermetallic nanoparticles” might be a possible
way to strengthen the alloy uniformly by improving the deformation
instability. Under their best efforts, the team figured out the ideal
formula for these nanoparticles, consisting of nickel, cobalt, iron,
titanium and aluminum atoms. The sizes of these nanoparticles
range from 30 to 50 nm. To reduce the valence electron density and
improve ductility, some of the nickel components were replaced
by iron and cobalt atoms. More, to lessen the impact of moisture
in air to avoid induced embrittlement in the new alloy, some of the
aluminum was replaced by titanium. The formula offers a solution to
the necking problem.

The strategy of strengthening complex alloys to achieve superb
mechanical properties at room and elevated temperature by means
of engineering multicomponent nanoparticles has become a strong
basis for future development of superalloys. It is believed that alloys
developed with this innovative strategy will demonstrate satisfactory
performance in temperatures ranging from -200°C to 1000°C, and
hence significantly contribute to wide structural applications.
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From left to right, front row: Professor Jijung KAI, Professor Chain Tsuan LIU, Dr. Zengbao JIAO; back row: Dr.
Yilu ZHAO, Dr. Tao YANG and Dr. Junhua LUAN, Senior Research Associate at Inter-University 3D Atom Probe

Tomography Unit.
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Nanotwin Deformation Mechanism in Stainless Steel:
Inaugurating a New Era of Strong-And-Ductile Materials

&M i@ i sk ESTR 2 M EAS TR T
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Nanotwins (NTs) is a type of nano lamellar structure enabling
strength and ductility of materials at once, breaking the dilemma
usually faced by materials and alloys: the higher the strength, the
lower the ductility and toughness. Proved by a research team led by
Prof Jian LU, comprising experts from CityU, University of Shanghai
for Science and Technology (USST) and Zhejiang University (ZJU),
the hierarchical order of nanotwins is proportional to its density,
strength and ductility. Hence, increasing nanotwin density via
hierarchical twining becomes an important way to develop novel
strong-and-ductile materials. The research results were published
in the scientific journal Nature Communications, in an article titled
“Scale law of complex deformation transitions of nanotwins in
stainless steel” and the research project was also supported by the
National Key Research and Development Programme of China and
the General Programme of NSFC.

The team discovered for the first time the marginal scale of
nanotwin deformation transition mechanisms of austenitic stainless
steel by combining in situ tensile tests with theoretical modeling
and atomistic simulations. It was observed that deformation
mechanisms vary as the twin-lamella spacing alters. While primary
twinning and detwinning were activated when the spacing was 5nm,
secondary twinning and density increase occurred when the spacing
was between 6 and 129nm. This discovery fills the current literary
gap which focuses mostly on increasing the density of nanotwins
from primary twinning. Also, most of the prior research discuss pure
materials, such as copper or pure silver, rather than widely used
engineering materials like stainless steel in the current research.

Professor Jian LU (left) and one of the first authors Dr.
Ligang SUN
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With the team’s best efforts, combined with prior experiments and
theoretical studies, a multiscale deformation map of nanotwins
has been established. There was also in-depth discussion on the
intrinsic mechanisms and transformation process of nanotwins with
varying scale effects. All these have become valuable resources for
scientists to develop an optimization strategy of nanotwins for new
engineering materials and new alloys. This research will serve as a
strong basis for future exploration of strengthening mechanism for
other conventional metallic materials and development of advanced
materials with nanotwins.

In the future, the team will strive to find ways to realize higher-order
hierarchical twinning in stainless steel and other new materials,
such as the futuristic high-entropy alloys. Constructed with an equi-
atomic or nearly equi-atomic percentage of five or more elements,
high-entropy alloys have currently become the center of attention
in materials science and engineering for their high potential in
structural applications. Motivated by the determination to comply
with the future direction of development for materials science, the
team will continue to optimize not only the performance of classical
metals but also characteristics of new materials, such as high-
entropy alloys.
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Snapshots of secondary twinning in the first nanotwins £ — & & PR EEL - HL 2 WiBRE -

Schematic illustration of the deformation modes of nanotwins 78 8 o 43K 8 & K B LBl 3L -

BELH HAEE 143

yonoy sepiinl

St EClE thad=ie



Heas' Multi-stage Deformation Behaviors at

Ultra-Low Temperatures
=8 E (HEA) b {ilin NS

2 EiET

High-entropy alloys (HEAs) are a new class of structural materials.
Under the efforts of a Sino-Japanese research team led by
Professor Xunli WANG, it is discovered that HEAs demonstrate
different favorable mechanical properties at ultra-low temperatures
contributing to complex deformation behaviors, opening the gate
to design new structural materials for applications under low
temperatures. The research findings were published in the scientific
journal Science Advances, titled “Cooperative deformation in high-
entropy alloys at ultralow temperatures”

Tracing back to 2014, it was discovered that while atoms of most
materials were “frozen” and hence immobilized at low temperatures,
HEAs demonstrated high ductility and could be stretched to a large
deformation under the same conditions. The mechanism behind
was however unknown. In 2020, Professor Wang’s team strove to
solve this enigma by using in-situ neutron diffraction technique
to examine the deformation process of HEAs. This method allows
the team to study each step, their order and interactions during
the deformation process carefully. More crucially, it conducts
measurements at ultra-low temperatures, i.e., near absolute zero,
providing detailed microscopic information to help solving the
puzzle.

SMEE (HEA) R—EHENEBMA
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EEBKKYER HEA EBERTREET
ENEMES  BRIRAMMMEE - WEEHE
RBRRRT AR FTNERAE B EHEH
THEBERATD HEMRERBERENE
BT (RIE#EREY £ BEH (Cooperative
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CityU students Muhammad NAEEM (centre) and Haiyan HE (right) discuss the experiment strategy with Japanese collaborators. (Photo Credit: Professor

Xunli WANG)
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Under the team’s best endeavor over three years, the secrets behind
sequence of HEA deformation mechanism were unveiled for the
first time — HEA performs a four-stage deformation at 15 Kelvin
(K). Beginning with the dislocation slip where the planes of crystal
lattice slide over each other. As it continues, stacking faults become
active and dominant gradually, where the stacking sequence of
crystal lattice planes are altered by the deformation. The next stage
is twinning, where mirror image of parent crystal occurs because of
misorientation of lattice planes. It eventually transits to serrations
where the HEA demonstrates big oscillations of deforming stress.
It is observed that HEAs show higher and more stable strain
hardening and larger ductility as the temperature falls. The team
concluded that stacking faults, twinning and serrations as well as
the interaction among these mechanisms were the sources of those
extraordinary mechanical properties.

In the future, the team will explore further in the deformation
process. For their next step, they will examine when stacking
faults will appear in other alloys and their deformation mechanism
as temperature varies. It is believed that by deepening our
understanding of deformation mechanisms, we will soon be able
to design more novel alloys with better mechanical properties for
applications at low temperatures.

The study was supported by the Croucher Foundation, the RGC of
HKSAR, NSFC, the Shenzhen Science and Technology Innovation
Committee, and the MOST.

Muhammad NAEEM prepares the experiment at TAKUMI, an engineering materials
diffractometer at Japan Proton Accelerator Research Complex (J-PARC) used to perform in-
situ neutron diffraction measurements multiple HEA samples, which all showed a multi-stage
deformation process.

(Photo Credit: Professor Xunli WANG)

MREBKAL &2 — 8 Muhammad NAEEM 7 B AE F iESHE PO (J-PARC) AWK TEM
RIELE TAKUMI LA EREEE - IREASAZREHSESHESETRUTFITHAE
BAYBERHSRRNSLBRE - (EREHRRM)

EER=FZHENT » BIRIERT HEA &
FHH B ROWE - TFEIR HEA &
FEAEBBNEBBRG - 7 15 MBEX
(K) TAETTH 4 BB TIBIE - lEEBRE
BLER  BERMBESSEERIIEET
8y Hh @B FEAERIEFREF
Mk T-RRAREE  ANREKRFE
MEEER  HRFROER - REKKE
REEIR - H HEA RIHBTE DN KIE
EiRE - BERYERE  BERENTRE
HEA XRRHFSMERENBEFELMER
RERM - BBREH &R BERRE - 88
MFE AR ELEHT 2BNEEFERRER
BLFNAMMMLEERNE D ©

REARN  BEE - S RREESTBERE -
BEMAEERBEBEBERTEHREH
fesEsh - UREMEREZ NS TS -
BEZEBIMNREHER  RRHMERTHE
ZEEESHMMEREAMEBRENH
BEE -

EHEMAESEEESS  BEAREYR -
EREANZBESE RIITRRAHES
SURHERBRITEHERD o

Deformation pathway of CrMnFeCoNi HEA sample
at 15 K. Vertical dashed lines are drawn to pinpoint
the changes in the deformation behaviour: (1) Start of
dislocation slip; (2) start of stacking faults; (3) first sign of
serrations; and (4) massive serrations coincided with the
saturation of dislocation slip. (Photo source: DOI number:
10.1126/sciadv.aax4002)

CrMnFeCoNi (E —REHES) HEREE 15 KM
SBRERER BFEENESERHEFTRANTE
BEER - (1) EEBBER; (2) EREHBAK, 3)
FBHRBEERBETH, (4) KENRBERBENVE
BENEMELSL - (B AR : DOl number: 10.1126 /
sciadv.aax4002)
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Enigma of Glass Structure
i B 1 1 25118 o2 i

In spite of its widespread utilization in daily life, glass remains a
mysterious material in the eyes of science. Scientists always want to
unveil the secrets behind the detailed structure of this non-metallic
and non-liquid material. The research team co-led by Professor
Xunli WANG has recently shed light on the understanding of glass
structure by close examination of the structural building blocks of
the amorphous (non-crystalline) and crystalline metallic materials.
The work was published in Nature Materials, titled “A medium-range
structure motif linking amorphous and crystalline state”

As a non-crystalline amorphous solid, glass phase material is
mysterious and special: the material appears as a solid on the
outside, while it is as disorderly and unorganized as liquid inside.
This peculiar structure has long been the center of attention — and
grand challenge - of scientific research. This is because, unlike
ordinary crystalline solid consisting of periodic stacking (long-
range order) of fundamental building blocks known as unit cells,
a glass material has no long-range order. It, however, has ordered
structures at short-range (2-5 A) and medium-range (5-20 A), and
even longer length scales. Yet, it is difficult to determine the nature
of medium-range order due to the absence of contrast resulting
from the amorphous nature of the material, rendering the existence
of structural link at medium range or longer length scales between
the amorphous material and its crystalline counterpart a scientific
mystery. Further complicating the issue is that the crystallization
of amorphous material usually results in a phase of different
composition with disparate underlying structural building blocks.

Dr. Si LAN (right), Professor Xunli WANG (second from
right), and students examine a Pd-Ni-P metallic glass
specimen using the small-angle X-ray instrument.
WAEL (BA)  IREHER (A2) NBEEANA
X R BEERE Pd-Ni-P S ERBEA -

HARBEEZEARBELEEH  BER
BRE ERZEIHNE - BIETETIEREN
MENMAR—ERUIR - BAER/EHE
FENMRERERTAMREEETENL

(EREE) NRETEURNEEEG B
mTHIRBEBNEISER - BEAWRK
RELEBZH T (Nature Materials) L
%X # B 2 (A medium-range structure
motif linking amorphous and crystalline
states) ©

EA—EFERENECTEE  HEBEME
EERUMBEENEH  MEREZEE
MABAGRE —REIEE - EEFHFN
ERBBRT —ERNEMENEEIED 2
RERMHWEAE - EHEBABENRBN
BHMEE (RER) EXBHEARNEE
EZREBTE > WEYRHARERER
MEHER (2-5A) MR (5-20A) EE
FERRENEFEE - EHENRBRZ AR &
EFMERHMPELER  M—ER#ERE
WENPRERYEE -Ftt  RER—EHR (&
ERMHEEEREEY cBAREEERE
SERRENGEEERE | SHEFELE
FF BEFYENEREEEHEAEET
EROMTEEBEBEBGNETSEEE
— Bk o
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With their best endeavor, the team has successfully discovered a
structure link between a glass solid and its crystalline counterpart,
paving way for unveiling the secrets behind the structure of glass.
They successfully captured an intermediate crystalline phase
through precise control of the heating of a metallic glass (a
palladium-nickel-phosphorus (Pd-Ni-P) alloy) at high temperature.
By employing different advanced structure analysis techniques and
comparing the structures of metallic glass (alloy) in its amorphous
and intermediate crystalline states, the team discovered that
both states share the same structural building blocks and that the
connectivity between these structural building blocks distinguishes
the crystalline and amorphous states of the materials.

Since it is now proved that the structure determines the properties, it
is hopeful that understanding the molecular structure of amorphous
materials would open the door to further understanding of the
structure of glass and designing of new materials.

This work was supported by NSFC, the Natural Science Foundation
of Jiangsu Province, the Fundamental Research Funds for the
Central Universities, Guangdong-Hong Kong-Macao Joint Laboratory
for Neutron Scattering Science and Technology, the Croucher
Foundation, and the RGC of HKSAR.

KBTWE D AREKDBR T IREE
REHSBEHEYCBNEEBBHE - EBE
TR S BITHES [ L - 4% - B (PA-Ni-P) &% ]
EERTHME BRI E R RS -
EBRATRAESBINMEMNRLERESE
BB (62) tHFREANPESIENE
B MRNMBEEWERERERZHRN
EEEY mELEBEMZBNERMR
B9 TR R MEERAARRE o

MAMRERESET [&BREELE] B
mi o BN EHE MBS FEBENT R
BONBRE—5 T RIELE  BRBH
SRS o

ERIFSIETEXEANBES  I&HE
BANZES - EBRT FHHN BRI
FERE - XRESE  HEBNTHEW
REWRURPRSREBAREESHX

#o

Dr. Si LAN (right) and Zhenduo WU (middle), co-
first authors of the paper, make final adjustments in a
synchrotron X-ray diffraction experiment at Advanced
Photon Source, Argonne National Laboratory. Credit:
Photo courtesy of Professor Xunli WANG
TRXHREE—FEERAIEL () NREREL (F)
EXEMEERERE "SEXTR WESEHN X HE
FTHEBRPELRENAE - (ERBHRREM)

A structure model illustrating the unit cell of the
intermediate cubic crystalline phase. (a) Red balls are Pd
and Ni atoms, whereas the blue balls represent P atoms.
The orange-coloured polyhedron represents the Pd-
enriched small cluster, and the blue-coloured polyhedron
represents the Ni-enriched small cluster. Only part of the
small clusters is displayed for clarification. (b). Schematic
diagrams showing the construction of the 6M-TTP cluster
by the edge-sharing scheme. (Photo source: Lan, S.,
Zhu, L., Wu, Z. et al. / DOl number:10.1038/s41563-021-
01011-5)

Ly FABELERETHRBISESRME (intermediate
cubic crystalline phase) W& #BE T - (a) ALK ZE Pd M
NiRF BERARKRPRF ETPRENZEBRRRE
EPAdMNERE  EGNZHEARESNNIER - B
TEBEER BHPRERTNERN—FH2 - (b) BTE
PREESWMEEN6M-TTP BETER - (BHRR:

DOI number: 10.1038/s41563-021-01011-5)
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Advanced Micro-Nano Testing
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Novel Nanostructured Aluminium Alloy

Balancing Strength and Ductility

Ial b5 3@ = Al A R 1 A Fh B G R ST IR B 2

Strength and ductility are usually incompatible structural metallic
materials’ properties. However, Professor Jian LU’s team developed
a new aluminum alloy with high strength and high ductility by
molecular dynamics simulations in 2019. The new alloy can be
applied to micro-electromechanical systems (MEMS) for flexible
wearable devices in the future. Supported by CityU, RGC of HKSAR,
the National Key R&D Program of China, and the Major Program
of the NSFC, the research findings were published in the scientific
journal Nature Communications, titled “Hierarchical nanostructured
aluminum alloy with ultrahigh strength and large plasticity”

Back to 2017, Professor Lu led a research team and developed the
first supra-nano-dual-phase magnesium alloy of excellent strength
and deformation capacity that could be developed into implantable
biodegradable materials. The success did not bar the team from
going further. Rather, they targeted at developing materials
with both high strength and high ductility. Usually, approaches
strengthening crystalline alloys decrease ductility as compromise,
rendering these two properties mutually exclusive.

However, the team overcame the obstacle and reaped their harvest
when they successfully fabricated a “hierarchical nanostructured
aluminium alloy” composed of amorphous-nanocrystalline
structures by using advanced nanostructure control technology. That
major research breakthrough became the cover story of Nature, an
international top academic journal, and published on May 4, 2017.

lllustration of dislocations’ activities interacted with the nano-sized metallic glass phase. A
dislocation ( ‘- ) is generated on the glass-grain 2 interface and then moves inside grain
2. Another dislocation ( ‘-’ ) moves inside grain 1 and then annihilates on the edge of the
nano-sized metallic glass phase. The red and blue spheres represent mobile and less mobile
atoms, respectively. The dashed lines represent the original positions of the mobile atoms.
The black arrows denote the motion directions of the dislocations.

(photo source: Nat Commun 10, 5099 (2019) doi:10.1038/s41467-019-13087-4)

BRAUHEEMKREBRBEMEEANTEE - —BL#E (') ERE- SR 2HNAEE
£ ZEERN2TBE - BH—ENE (L) ERN1ABE  2ERRKREEIIER
BAER ACGNECHBEEIIRRSEDUENBREITIUENRTF - EGRRSEBURT
FIES [95F] - BESTEERMENESSE - (B RIR: Nat Commun 10, 5099 (2019)
doi:10.1038/s41467-019-13087-4)

BEMNLR4EBERESEBYHTEERNE
B - A BEHTRMEEBEE 2019
FRUWBBS FENE  RERET —EA
ERRENSERMNFRESS - S8
EERRUAEBANEMAZEHRENHILS
A% (MEMS) c EIEMRBEIH A - HEMW
REPR  EXEHMARFINERBE AR
BEHENWXE  EREMET (AAEF)
FE3R - %A (Hierarchical nanostructured
aluminum alloy with ultrahigh strength and
large plasticity) ©

FR 2017 F  2HEERHRTENEES
MEHEEAEEREBENE TN NBRK
BHESE  XYIURBRARKAEALEY
PEERE - tMEE RRFABRRASBEM
BIERMENYR - REBCERS SN X
—REREHERYE M EMERMEME
BH¥R e

BEE BB R AL ENAKEBESR
My RIDBEHHIER - AR BEBARD
[DEMAKEBIREE ]| & HEHEERE
WErhR - WHEMREDE £ — B2 - RInH
EMRNEERERREERES S REM
BEHTE ZREHNBREESBRES
MIE - IR R AR AT AR R AR AR o

(From left) Dr. Ligang SUN, Dr. Ge WU, and Professor
Jian LU. The team has already achieved groundbreaking
advancement by successfully developing the first-ever
supra-nano magnesium alloy. That innovation became
the cover story of Nature.

() BEREL  RRELREBHER - ML
EXRRER  BERNEESEEMRZAEE (54) ©
HE

148 Many Hands make Precious Work

The key to success lies in combining nanometer-sized amorphous
metallic glass with crystalline nanomaterials. Metallic glass
demonstrates higher yield strength than crystalline alloys in the
absence of dislocation-mediated crystallographic slip. At room
temperature, plastic deformation of metallic glass occurs mainly
in nano-scale shear bands, softening the material and leading
to fracture. To avoid this, theoretically, the metallic glass should
be smaller than 100nm such that the material’s strength can be
significant improved while retaining its plastic deformation. Follow
this direction, the team developed a hierarchical nanostructured
aluminum alloy which structure enables both the plastic flow of
the nano-sized metallic glass phase and the strain hardening of the
crystalline phase.

The novel aluminum alloy shows that strength and plasticity of a
material are indeed compatible. Due to the extremely small size
of nano-scale metallic glass in the hierarchical nanostructured
aluminum alloy, the new material has ultra-high compressive yield
strength and tensile yield strength. The continuous generation-
movement-annihilation of transitory-dislocations in the nanograins
and the intrinsic plastic flow of the nano-sized metallic glass
phase contribute to the aluminum alloy’s large plasticity. The
data also shows that under compression, the new alloy displays
homogeneous deformation, confirming the hypothesis about
suppressing the formation of shear bands.

The research opens the door to a new hierarchical nanostructure
approach in material engineering. It is believed that this means of
developing aluminum alloy would pave the way for developing
tough, lightweight alloys for the MEMS applications in flexible
wearable devices in the foreseeable future.

doi:10.1038/s41467-019-13087-4)

019-13087-4)
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BT - EHRMKEBIESS  HEBTA
BEMK S BRBANEYERE - Ta

- B AR EE (L UM -
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The top middle picture is the optical image of the hierarchical nanostructured aluminium alloy. Fig
f is the high resolution transmission electron microscope (HRTEM) image of the alloy, showing a
crystalline aluminium nanograin surrounded by amorphous phase (post-colored by light yellow).
The white dashed rectangle region in fig f shows the fcc structure with zone axis of [0 1 1].

(Photo source: Nat Commun 10, 5099 (2019) doi:10.1038/s41467-019-13087-4)

BN IERSAMRERBESSHNABERG - BfNWSIPEHEFEM (HRTEM) RAERH
—ESRAKSRRFRIE (NEEHE  REBEREHCHD) MER -BYWHRESSEES
BRTO1 M &FEMTHELILE (fcc) 4548 - (B RIR: Nature Communication 10, 5099 (2019)

Compressive engineering stress-strain curves of the hierarchical nanostructured
aluminium alloy, aluminium-based metallic glass, and nanocrystalline aluminum pillar
samples with the same diameter of 1 pwm, comparing their mechanical property. The
hierarchical nanostructured aluminium alloy is proven to have better plasticity, did not
show any shear bands or slip bands.

(photo source: Nat Commun 10, 5099 (2019) doi:10.1038/s41467-019-13087-4)
ZRMRERESE] (L)
pmER) WBETIREED - E2ME  RRERNDBMHENYEL - AR [SHRMAK
HEBIESS ] HRER  REHBRRR  FERE - AR HEMESHRBROER
WM RE o (B A HIR : Nature Communication 10, 5099 (2019) doi:10.1038/s41467-

CEESERE (F) - AKKE (T) #okEER (1

BELH HAEE 149

yonoy sepiinl

Th % BK T

ko 8



Revelation of Graphene’s Stretchability and

Engineering Strength

x5 o AN i el 1 iR 7285 152 P 5 SRR BRI RY R

Professor Yang LU is holding his nanomechanical platform that reveals the actual stretchability and strength of graphene.

BEHRFLENRHRIBARATE AL GRENERIMRENEEER -

As the thinnest material on earth, the actual mechanical properties
of free-standing graphene are difficult to be tested. A joint research
team led by Professor Yang LU and scientists from Tsinghua
University overcame this challenge and revealed the actual strength
and stretchability of monolayer graphene by developing a unique
nanomechanical testing platform, substantially contributing to the
wide application of graphene in flexible electronics and engineering.
Their findings were published in the international journal Nature
Communications, titled “Elastic straining of free-standing monolayer
graphene” The paper was later highlighted by “Editors’ Choice” in
Science.

Prior to this study, it was established that graphene was the
strongest material with ultimate strength up to 130 GPa. However,
Professor Lu pointed out that this conclusion was based on the
local maximum stress that could be withstood at a certain point
on a sheet of graphene. He reckoned that the boundaries and
edge defects of a large-area graphene monolayer should also be
considered for actual engineering application. Hence, he proposed
that tensile stretching a large piece of free-standing monolayer
graphene was a more suitable measurement method of graphene’s
practical mechanical properties, as it resembled actual loading
conditions more.

ERIR ERENYR  BYAZHFNER
NEMEEBE—EHHIUAE - AREFHER
REEARBEEBENMEERARRTE
— B EREREENAKDERRE
& BLRTEEASHFNWERRE M HfH
M EREMBEAAEREZMEFH
IBFPHEZEAELEE RS - BEH
RERBAREBREBT CEAEH) L3
% » B 5 (Elastic straining of free-standing
monolayer graphene) - REFE (FI£&)
MR (Editors’ Choice) BN o

HEEME A NBERCEETHER
it FEREEE - EBREERSE 130
GPa - A ' BHRABEEWEEN—#
ARRER -—HEASNRMERESD -
RBAERLREEBNERNBERRE
TEZEINERREESD - BERIB/AS
- AKRBYEEASHEREIERN
SEHGG  AUELZEEESRANUNAER
SHNERDBMEE -

150 Many Hands make Precious Work

The team designed and performed in situ tensile tests on free-
standing graphene. After three-year trial and error, the team carried
out tensile tests on the suspended graphene monolayers inside a
scanning electron microscope, revealing the realistic mechanical
properties of graphene in situ. The experiment showed that chemical
vapor deposition (CVD)-grown monolayer graphene demonstrates
outstanding elasticity, and the measured Young’s modulus was
very close to the theoretical value. More, the sample-wide tensile
strength reached about half of the theoretical value, suggesting that
large-area monolayer graphene was indeed an extremely strong
material. Professor Lu explained that the results implied a potential
of high-quality CVD graphene reaching not only the level of “ultra-
strength” but also “deep ultra-strength” When a material can overall
achieve such state of deep ultra-strength, it may possess unexpected

new physical properties.

This research revealed actual mechanical properties, as opposed to
theoretical value, of graphene, which are essential when designing
the application of graphene in the future. As it is now known that
graphene can withstand extremely large lattice deformation,
scientists can therefore control the lattice strain precisely through
the concept of elastic strain engineering for the novel application
of graphene or other two-dimensional materials in future electronic
or optoelectronic devices. It is hopeful that practical applications of
graphene would be more common in the coming future.

The research was supported by CityU, RGC of HKSAR, and NSFC.

KB=FNREAR  EERERES RN
BAHRBINORRERBET THMAAR
WEHREBEBRMENE (CVD) £RE
EEASRREHBLNEL - mATREH
BREETREREFTEEI - 1 ZE
BANAMBETZEIEREN—F¥ESL
BrRAHEEEAEFEER —EBRNY
o REEHREBE ZERBERTSEE
CVD BA2FEMNEN - ERRTAEET [8
581 KK BRAIBUES DREE®R ] AKX
o BE-EYHERREIEREREBRRMN
Ry ER R A SRR IR -

WIEMRER T AR2HNEREMILRE - M
TEERNERE SHRRABHNER
RETHREZNEE ERAAE2HTARE
ROSEBET  AUNBRAEBEMERES
TROBS  FRENSKES A
SRVHO_EMRERARRRETHIASE
BREH - ERK AEHENEREREEE
ER

EEMESHNEBEKN EBAREYR/HN
B BANMBESH -

Monolayer graphene suspends between the device gap in the testing
platform. With this platform, the team would further investigate the
relationship between graphene’ s lattice and different properties for
future strain engineering devices. (DOI: 10.1038/s41467-019-14130-0)

m;“

ISR EERSREBERROAKNBT & LELMRAR - &

BEEFEEFEZREARFNRBRTERTE MBS IEAEIER - HAH
HRER T4 - (DOI: 10.1038/s41467-019-14130-0)

Fully recoverable elastic
deformation of monolayer
graphene reaches 5%, with
maximum strain up to 6%. (DOI:
10.1038/s41467-019-14130-0)

EERERTERBES% NT
TEEENERER HEX
RMERZERN6% (DOI:
10.1038/s41467-019-14130-0)
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Stretching Diamond Inaugurates
a New Era in Microelectronics

HEhMEAlG RSN ERES

Well known for its hardness, one may overlook diamond’s potential
as an excellent electronic material. A joint research team led by
co-led by Professor Yang LU and researchers from Massachusetts
Institute of Technology (MIT) and Harbin Institute of Technology (HIT),
demonstrated the potential of developing electronic devices through
“deep elastic strain engineering” of microfabricated diamond
structures, inaugurating a new era in the field of microelectronics.
Their findings have been recently published in the prestigious
scientific journal Science, titled “Achieving large uniform tensile
elasticity in microfabricated diamond”

While industrial applications of diamonds are common due to its
hardness, its applications in electronic and optoelectronic devices
are less usual. In fact, diamond is a high-performance electronic
and photonic material. This can partly be attributed to its ultra-wide
bandgap, which enables operation of high-power or high-frequency
devices. However, this, along with tight crystal structure, makes a
diamond “dope’; hampering the modulation of semi-conductors’
electronic properties and the applications of diamonds in other
fields. A potential alternative, changing the electronic band structure
and associated functional properties by “strain engineering’, is off
the table due to the extreme hardness of diamond.

This alternative is now made possible under the efforts of Professor
Yang LU and his research team.The team discovered that nanoscale
diamond could be elastically bent with unexpected large local strain,
suggesting a possibility to alter physical properties in diamond
through elastic strain engineering. In the latest research, the team
microfabricated single-crystalline bridge-like diamond samples from
solid diamond single crystals, which were then uniaxially stretched
in a well-controlled manner within an electron microscope.
After a series of loading-unloading of quantitative tensile tests,
the diamond bridges performed a highly uniform, large elastic
deformation across the whole gauge section of the specimen, and
was able to recover their original shape after unloading. Not only
did the team reach the theoretical elastic limit of diamond, but it
also realized elastic straining of microfabricated diamond arrays to,

demonstrating the strained diamond device concept,

A (XEE0A) NEEAFRLAN  BX
REAZZARTEEAZEEFR—BEEE
YIRHEDE D o BEFHURE 2R B B & 12
TERNRBEIXAZ (BIK) HHARE
AERTTUMEBRNE MREMEZT
Bl RERNLETEBHMNIUREEF
BReg > UAMBEFREMAITHLT - R
MRENERBMET (ALY L8R &
% (Achieving large uniform tensile elasticity
in microfabricated diamond) °
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The team then estimated the impact of elastic straining from 0 to
12% on the diamond’s electronic properties by density functional
theory calculations. The results indicated that the diamond’s
bandgap is inversely proportional to the tensile strain. An electron
energy-loss spectroscopy analysis on a pre-strained diamond
sample was performed to verify the trend. The calculations also
showed that the bandgap change from indirect to direct with tensile
strains larger than 9% along another crystalline orientation, allowing
many high-efficiency optoelectronic applications.

The nanomechanical approach adopted has demonstrated
continuous and reversible changes of diamond’s band structure,
welcoming a new era of general applications of diamond. The
research was funded by the RGC of HKSAR and NSFC.

H#R  BREREZRERVE - BEH 0%
F12% NEMESHSAAE FRMTEE
TTHE - &RET B ANGRERNH
EEMRL - RRXHERESH ARAE
TTEFREBRKRNEDIN  TEERTE
TRRREEEAEE 5 —EREEHG
MR RIER TR KT 9% @ FRRTZ SR ERE
SR -

RAMERATRRNBLE > FAT A
ARTEBNEENTERL  ARFTFAHE
BZEAN—RERBHET FHE - BEMR
ESERMRENRNEXAANEESS
HYEBhHETT

lllustration of tensile straining of microfabricated diamond
bridge samples. (Credit: Chaoqun DANG / CityU) ¥ &
BIAMEERETRRESAANTEE - (BHRE:
Dang Chaoqun / CityU)

Stretching of microfabricated
diamonds pave ways for
applications in next-generation
microelectronics. (credit: Dang
Chaoqun / CityU) fI & Bl &
FE R E R (B AR
Chaoqun DANG / CityU)
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Advanced Processing

Nano Diamond Demonstrates
Surprising Elasticity
MREGERBLEAENE

The CityU team has discovered that nanoscale diamond can experience a significant amount of elastic deformation. (From left: Professor Yang LU, Dr.

Hongti ZHANG, Professor Wenjun ZHANG and Amit BANERJEE)

BOFHER (ATHE ) MRERERTAERAMHNBRIBRARIELR (A154 ) REATBHAKER DR R IETHRIBHRE -

Diamond is the hardest material in nature. Out of many expectations,
it also has excellent elasticity. An international research team led
by Professor Yang LU has achieved a significant breakthrough in
nanomechanics as it discovered that diamonds at nanoscale could
undergo ultra-large, fully reversible elastic deformation, greatly
contributing to the nanotechnology and biomedical fields, and even
quantum information technologies. Supported by the RGC of HKSAR
and NSFC, this ground discovery was published in the prestigious
journal Science under the title “Ultralarge elastic deformation of
nanoscale diamond”

Despite its hardness, diamond fractures easily when subjected
to relatively small amount of deformation. The team showed
another facet of diamond’s properties — elasticity. When diamond is
downsized to nearly 100nm in diameter, up to around 9% of tensile
elastic strain is recorded for single crystalline sample, which is
close to the maximum theoretically achievable strain for an ideal
diamond crystal. The team also revealed that the deformation of the
nanoscale diamond was fully-reversible in nature, implying that the
elastic nature of nanoscale diamond.
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This project aimed at characterizing the mechanical properties of
diamonds at nanoscale. Being the hardest natural material, diamond
is often used to test other material’s mechanical properties. To avoid
the predicament of “diamond against diamond’/ the team employed
the innovative “push to bend” test — observe the bending of
diamond nanoneedles under the exertion of force onto nanoneedles
from the slant surface of a nanoindenter diamond tip. Later, the
team combined finite element method analysis with these real-
time bending experiment videos, and evaluated the local stress,
strain and displacement of the nanoneedle structures. The results
showed that both “single-crystalline” and “poly-crystalline” needles
of diamond were able to reach unexpectedly high elastic strain,
while the former performed better. The nano diamond samples were

fabricated by Professor Wenjun ZHANG.

These innovative findings would inaugurate a new nanomechanics
era that puts great emphasis on the practical applications of nano
diamonds in different fields. As diamond is compatible with human
body, one of the possible exploration directions is diamond needle-
based drug delivery to human cells. The exceptional ductility of nano
diamond can enhance the durability of intracellular delivery and
lower the cost. Further, diamond may also be widely applied in the
next-generation information technology. When it comes to quantum
computing and quantum information processing, the diamond’s
nano-sized characteristics discussed in the research enable
manufacturers to produce highly reliable and efficient diamond

resonators and sensors for faster data storage and transfer.
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A schematic diagram showing the “push to bend” nanomechanical test on a diamond nanoneedle.
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Uncovering Nanolayers Intermetallic
Alloys’ Grain Boundary

ExRTkBEER G EN&ERT

Professor Chain Tsuan LIU leads the research. The advanced three-dimension atom probe tomography (3D APT) at CityU is being used in the research.

MEHBBHAABKLEBRREESEMERGRE LR IXREE  AEATETHAR  ERLERE - —BHN=HRFRIBTERDE -

(EAHOR - BERTAR)

Strength and ductility within material are usually irreconcilable. A
research team led by Professor Chain Tsuan LIU and Dr. Tao YANG,
has developed an innovative alloy design strategy to overcome
the challenge in intermetallic alloys, which will greatly promote the
wide applications of materials that could operate under extreme
temperatures in the future. Supported by CityU, RGC of HKSAR, and

the NSFC, the findings were published in the prestigious scientific
journal Science, titled “Ultrahigh-strength and ductile superlattice
alloys with nanoscale disordered interfaces”

The inner structure of intermetallic alloys, same as metals, is
formed with individual crystalline areas known as “grains” During
tensile deformation, these grain boundaries crack along each
other, rendering the intermetallic alloys fragile. To overcome this
brittleness, the conventional approach is to add trace amount (0.1 to
0.5 atomic percent (at.%)) of boron to the intermetallic alloys, which
can enhance the grain boundary cohesion and overall ductility.
When excessive amounts of boron are added, this traditional means
would not work. Studied this approach 30 years ago, Professor Liu
achieved another breakthrough by developing the novel “interfacial
nanoscale disordering” strategy in multi-element intermetallic
alloys, realizing both high strength and large ductility of a material
at once.
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Aimed at enhancing the grain boundary cohesion, Professor Liu and
his team were originally optimizing the amount of boron added.
To everyone’s surprise, distinctive nanoscale layers were formed
between the orderly packed grains in the alloy when the team added
1.5 to 2.5 at. % of boron to the intermetallic alloys. These nanolayers
serve as buffer zones between adjacent grains that enable
plastic-deformation at grain boundaries, and thus rendering the
intermetallic alloys not only very strong but also extremely ductile.
Experiment results further showed that the alloys with 2.5 at. % of
boron demonstrated an ultra-high yield strength of 1.6 gigapascals,
with tensile ductility of 25% at ambient temperature.

The team also found that by adding more boron to the alloys, the
“multi-element co-segregation” would be enhanced — while a high
concentration of boron, iron and cobalt atoms was observed within
the nanolayers, the nickel, aluminum and titanium were substantially
depleted there. This element partitioning induced the nanoscale
disordering and promoted ductility by suppressing the fractures
along grain boundaries. More, suppressed by the nanolayer, the
grain size remained stable even under high temperature for 120
hours. Hence, the strength of the alloys maintained.

It is believed that the discovery of this nanolayer will lay a solid
foundation for the development of high-strength and high-ductility
materials that can apply to high-temperature settings like aerospace,
automotive, etc., soon.
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HAADF-STEM image reveals the ultrathin
disordered layer at the grain boundaries with
a thickness of about 5 nm. (photo source: DOI

number: 10.1126/science.abb6830) HAADF-

Atom maps reconstructed using 3D-APT show
the distribution of each element. Iron (Fe),
cobalt (Co), and boron (B)are enriched (darker
in colour) at the nanolayer, whereas nickel (Ni),
aluminum (Al), and titanium (Ti) are depleted
(lighter in colour) correspondingly. (B) and (C)
also show the same results. (photo source: DOI
number: 10.1126/science.abb6830)

3D-APT AT LA B H B ET RN 5 - BT AK
/B (disordered interfacial nanolayer, DINL)
BETH (Fe) -8 (Co) MW (B) (ARE
BBR) - mWE (N) - 8 (A) sk (T) B
AHHEERY (WTREGEE) -EBMEC
BERHEBENER - (B RIR: DOl number:
10.1126/science.abb6830)

These pictures suggest that the alloy (NDI-
SM) has achieved a superior strength-
ductility synergy at ambient temperature and
extraordinary heat resistance at elevated
temperatures. (photo source: DOI number:
10.1126/science.abb6830)
BELEFXAMEEEERFTUANES (NDI-
SM) EERTERERNERE - ERMEHEE
A YESETARHEeNHRE - (BRRR:
DOI number: 10.1126/science.abb6830)

STEM

HAADF-STEM B A R T R FHRNEEE
FHKRE HEEHNR S nm - (BEHARIR: DOI
number: 10.1126/science.abb6830)

The new high-entropy alloy is extremely strong
but ductile.
HESHEERERERMERS -
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Development of Bioimplants by
2D/3D/4D Additive Manufacturing

1230 211/311/410 18l 2236 b 23 5 taia A

The SERS biosensing technology can be used to test contaminants in food and cosmetics.

RELBA SN (SERS) WAEYEREM A AR RAIRRMLALRPHITRY -

The fabrication of novel materials with complex shapes and
desirable properties is the heart of materials science and
engineering. After developing two bleeding-edge technologies that
has changed the landscape in materials science, Professor Jian LU
has been working on the integration of them to fabricate lightweight,
high-stretch metallic materials for biomedical applications. The
findings were reported in the prestigious scientific journal Nature as
the cover story, as well as the cover story in Science Foundation in
China.

In 2017, Professor Lu and his team developed the world’s first-
ever supra-nano-dual-phase magnesium alloy. By employing dual-
phase nanostructuring technology, the novel material developed is
10 times stronger than conventional crystalline magnesium alloy
and has ultra-deformation capacity two times higher than that of
magnesium-based metallic glass. This novel material successfully
breaks the strength-ductility trade-off dilemma. The high excellent
resistance of the new alloy makes it possible to be used as a novel
prototype for biodegradable implants or coating material for artificial
joints. The second technology developed by the team was 4D
ceramic printing. Unlike conventional 3D-printed metallic materials
that are generally of insufficient fatigue and wear resistance, the
3D-printed ceramic precursors printed by Professor Lu’s latest
technology can undergo self-reshaping by themselves over time
with the elastic energy stored in the stretched precursors, making
the fabricated ceramics exceptionally strong and mechanically
robust.

The findings were reported in the prestigious scientific
journal Nature and Science Foundation in China as the
cover story.
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With the foundation laid, the team attempts to fabricate metallic-
based materials with complex shapes, particularly those used
in biomedical and lightweight structure applications, through a
2D/3D/4D manufacturing system. The team will begin with producing
supra-nano 3D-printed titanium-based alloy as titanium-based alloys
are considered the ideal implant material for clinical use. The next
step of the team will be focusing on the post-treatment effects on the
mechanical properties of the printed materials. For instance, using
SMAT to enhance fatigue resistance. The ultimate goal of the team is
to set up a database of 3D-printed metallic materials, with detailed
information about their mechanical properties, microstructure,
treatment process and potential applications. The database will
be a valuable asset and assistance to materials researchers and
engineers for their future research and explorations.

In addition to the printing technology, the team also use their best
endeavor to contribute to the biomedical field. The team has worked
on functional metallic materials, particularly their newly developed
biosensing technology based on ultrasensitive SERS. They are
currently testing the feasibility of its application in fast detection of
COVID-19, cancer, etc.

Butterfly Sydney Opera House

Rose

The 3D-printed ceramic precursors are soft and stretchable, enabling ceramics with complex
shapes, such as origami folding mimicking the Sydney Opera House.
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Supra-nano-dual-phase magnesium alloy
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Revealing Potential of 3D Printing
for Material Design

Iam 30 HENEES izt LG

Professor Chain Tsuan LIU (left) and Dr. Tianlong ZHANG discuss the new pathway to design alloys by a 3D printing technique.

28R)I1BR (£) MRXEEL (F) SHRWML D TENFEMRFAEE -

The belief that 3D printing has great potential beyond designing
geometries has brought Professor Chain Tsuan LIU and Dr. Tianlong
ZHANG to develop a super-strong, highly ductile and super-light
titanium-based alloy, opening the door to design alloys with
unprecedented structures and properties.

The inhomogeneity in alloy components has always been considered
as undesirable as it leads to unfavorable properties such as
brittleness. It is therefore important to eliminate this inhomogeneity
during fast cooling. However, Dr. Zhang'’s earlier study has revealed
that a certain degree of heterogeneity in the component would
produce unique and heterogeneous microstructures, and they
could improve the alloy’s properties. Based on these findings, the
research team conducted further experiments by using the additive
manufacturing.

With the aid of 3D printing, the team has developed a partial
homogenization method to produce alloys with micrometer-scale
concentration gradient, overcoming the challenge of inhomogeneity
and greatly enhancing the alloy’s properties. The method involved
the melting and mixing of two alloys (titanium alloy powders and
stainless steel powders) using a focused laser beam. With more
controllable parameters, the team successfully developed the
non-uniform composition of the elements in the new alloy in a
controllable way.
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The unprecedented lava-like microstructures created brings about
supreme mechanical properties, realizing exceptional strength,
ductility and light-weight of the alloy. Compare to stainless steel that
is generally 7.9 g/cms3, the new alloy is only 4.5 g/cm3, resulting in a
40% reduction in weight. The titanium alloy also demonstrates high
tensile strength of around 1.3 gigapascals with a uniform elongation
of about 9% and excellent work-hardening capacity of over 300
megapascals, guaranteeing a large safety margin prior to fracture.
These excellent properties are rather useful in structural applications
in a variety of fields, such as aerospace, automotive, chemical .

Supported by CityU, HKIAS, the National Key Research and
Development Program of China, NSFC, Guangdong Academy of
Sciences, and the US National Science Foundation, this research has
achieved remarkable results and was published in the prestigious
scientific journal Science, titled “In situ design of advanced titanium
alloy with concentration modulations by additive manufacturing”
As the pioneer of developing innovative alloys with distinctive
microstructures and properties by using 3D printing, the team will
strive to apply this concept on different alloy systems and discover
other properties of new alloys for wider applications.
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The experimental results show that the new titanium alloy has supreme mechanical properties. (Credit: Dr. Tianlong ZHANG /DOl number: 10.1126/science.

abj3770)

D ITHRESEERAUR BHEEEENHBME - GRREELREL/ DOI number: 10.1126/science.abj3770)

The new titanium alloy using 3D printing has
lava-like microstructures that give rise to its
excellent mechanical properties.

MEBRAEH —BAARR - BEBERMUE
HBNF A S SENBASSSSITEHER

Grain orientation map of the 3D-printed titanium
alloy developed by the CityU research team.
Credit: Dr. Tianlong ZHANG /DOI number:
10.1126/science.abj3770e.abj3770)
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Future Research Plan

AR FE 1

Professor Jian LU
= ER ST

1. Surface mechanical attrition treatment (SMAT)

We will further extend our study on integration of SMAT and micro-
alloyed technologies on high pure gold and other precious metals,
and the optimization of the process parameters.

In recent years, our research group has been mainly engaged in
research on thin-film physics and thin-film fabrication. We have
used these techniques to prepare various high-strength, high-
ductility nanostructured metal and metal-alloy thin films. This has
given us a comprehensive understanding and practical mastery
of core disciplines in this and related areas. Consequently, we
have achieved a range of excellent research results related to thin-
film growth theory, amorphous alloy theory, and optical thin-
film properties. In 2017, our group developed a magnesium-based
ultrathin-nanofilm with a dual-phase nanostructure, and showed
that this ultrathin-nanofilm exhibits high strength that is close to its
theoretical value. This work was published in Nature (DOI: 10.1038/
nature21691). In 2019, we applied film-growth theory to study a new
type of aluminum-based nanostructured alloy film, which exhibits
ultrahigh yield strength and substantial tensile and compressive
plasticity. The main results from this work were published in Nature
Communications (DOI: 10.1038/s41467-019-13087-4).

Recently, we used the magnesium-based supra-nano dual-phase
film to develop a novel magnesium-based reflective filter (Figure
1). This filter has extremely high color saturation and excellent
mechanical properties, which are realized by simultaneously
adjusting the composition and fabrication of the magnesium-based
thin film. Hence, this filter will be useful in various applications,
such as in optical display equipment, structural color printers, home
electronics, photodetectors, solar cells, and large-scale automotive
components. This filter also overcomes the complex problems
associated with multilayer dielectric filters formed by multiple
depositions of conventional reflective metal-based films. Moreover,
as this filter does not use materials with different thermal expansion
coefficients, it avoids the problems (such as a limited color range
and poor mechanical properties) that are exhibited by other types
of filters. This work was published in 2019 in Advanced Optical
Materials (DOI: 10.1002/adom.201901626). We also applied for a US
patent, which has been granted.
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In the coming future, we will start exploring the feasibility of
employing an environmentally friendly and efficient magnetron
sputtering coating technology to prepare multi-level color coatings
with high hardness and wear resistance to bring stylish colors and
novel color change concept to the traditional 18K or higher Carat
gold or platinum. As an advanced technology for film preparation,
magnetron sputtering coating allows film materials densely growing
on various materials, including materials with complex shapes
such as rings, necklaces or even "dragon-phoenix" bracelets. The
interference color film through material design and parameters
control of magnetron sputtering will be realized. The existence of the
transparent oxide film and the concentration of the reaction gas of
the reactive magnetron sputtering will change the color significantly,
so that a range of colors can be generated. The controlled optical
film can then be deposited on the surface of the 18K or higher Carat
precious metal alloy substrate with the desired colors added as well
as the hardness and scratch resistance of the substrate enhanced.
This method is simple in process, can realize automatic control,
large-scale production, green environmental protection, energy
saving and low carbon, and has wide applicability. Thus, we target at
putting this concept forward to realization in the near future.

Figure 1 The nanocrystallized (a), nanotwinned (b) and plastically deformed (c) microstructure
characteristics along depth in the treated surface layer of the 24K SMATed gold.
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2. Supra-nano-dual-phase Nanostructured Materials

The unique size effects and dual-phase synergistic effects of SNDP
nanostructuring contribute to gratifying properties that can hardly
be achieved by conventional phase- and defect-engineering,
making SNDP a new class of basic structural motif beyond ordered
crystal and disordered glass. The interactions between the dual
phases at the nanoscale below 10 nm are an unlimited source
for diverse functions but are far from being fully comprehended.
Future research should focus on the function exploitation of SNDP
materials, especially the electrocatalysis dominated by interfaces
and sophisticated nanostructure.

1) A series of SNDP precious metals (Pt, Ir, Ru, Ag, and Pd are prior)
will be synthesized, via an economical and scalable strategy, as a
kind of fire-new catalysts for highly efficient hydrogen evolution. The
intrinsically advanced nanostructure of these novel SNDP catalysts
can provide substantial active sites for desirable HER performance
with super electrocatalytic stability that cannot be achieved by
any reported catalysts. These SNDP precious metals are the ideal
paradigms for the design of high-performance electrocatalysts.

2) Developing SNDP base metals with precious-metal doping for
efficient and low-cost electrocatalyst for HER. Base metals provide
a rich material library to develop SNDP materials with specific
functions and structures. Micro-doping of precious metals into
SNDP base metals, inspired by the structure design of single-atom
catalysis and single-cluster catalysis, is expected to significantly
improve catalytic performance. The SNDP nanostructure with dual-
phase interfaces could provide fertile sites and ideal coordination
environments for the incorporation of precious metals, resulting
in substantial catalytic active sites and high utilization efficiency of
precious metals.

3) Due to lower resistance losses and less gas crossover, hydrogen
generation through proton exchange membrane water electrolysis
in an acidic electrolyte may reach substantially greater current
densities than standard alkaline electrolyzers. However, the water
splitting is limited by oxygen evolution reactions owing to the
sluggish four-electron transfer process. The SNDP Ir- and Ru-based
films show great potential to optimize the binding energy of oxygen
intermediates owing to the phase interfaces and lattice strain.
Therefore, the application of SNDP Ir- and Ru-based catalysts may
promote the application of proton exchange membrane and create
significant economic benefits.
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Professor Chain Tsuan LIU
288 ) | 232

The research team led by Professor ChainTsuan LIU has innovatively
discovered the superlattice alloys, nanoparticle-strengthened high-
entropy alloys, and additively manufactured Ti-based alloys that
exhibit extraordinary mechanical properties. However, the intrinsic
correlations between the alloying effects, structural evolutions
and associated mechanical properties of these novel structural
materials have not been well understood. Moreover, their thermal
stability, mechanical responses and oxidations behaviors at elevated
temperatures are still largely unknown. Therefore, in the future,
the research team will mainly focus on three crucial scientific and
technological issues of the advanced structural materials: (1) To
quantitatively determine the thermal stability of structural materials,
in particular, the thermal stability, phase transformation, and
critical ordering temperature. (2) To investigate the alloying effects
of additional elements on the electronic structure, phase stability,
and energy state of metallic materials through the systematic
thermodynamic evaluations combined with the first-principal
calculations. (3) To comprehensively evaluate the mechanical
responses of the newly developed metallic materials, especially
the yielding anomaly behavior, environmental effects, and creep
resistance at elevated temperatures. These results will provide
technological and scientific knowledge helpful in developing new-
generation structural materials.
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Professor Hua ZHANG
REHIT

Based on the research progress achieved, in the future we will
conduct research in the following directions:

1. Systematic studies on the phase-dependent physicochemical
properties of noble metal nanomaterials. Currently, we mainly
focus on investigating the catalytic properties of the noble metal
nanomaterials with unconventional phases. In the future, we
will study the effect of phase on other properties of noble metal
nanomaterials, including optical property, electrical property,
magnetic property, mechanical property.

2. Preparation of noble metal-semiconductor heterostructures using
noble metal nanomaterials with unconventional phases as seeds.
Currently, we realize the epitaxial growth of a series of transition
metals on the noble metal nanomaterials with unconventional
phases via the templated/seeded growth method. In the future, we
will extend this strategy to grow semiconductors, including metal
oxides, metal sulfides, on these noble metal seeds to achieve noble
metal-semiconductor heterostructures. Besides the conventional
roles on improvement of the charge separation and transport
at the metal-semiconductor interface, the noble metal seeds
with unconventional phases are expected to induce new growth
behaviors of semiconductors, thus resulting in unique properties.
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Professor Wenjun ZHANG
R X EHIR

1. Water electrolysis has been recognized as a promising alternative
to produce hydrogen in an eco-friendly and sustainable way. In
water electrolysis, however, the efficiency of hydrogen evolution
reaction (HER) on cathode is mainly restricted by the sluggish
kinetics of oxygen evolution reaction (OER) on anode, and
meanwhile, the anode product, i.e., oxygen, has a low economic
value. We propose to utilize methanol oxidation reaction (MOR) with
faster kinetics to replace OER to realize an energy-saving hydrogen
production and simultaneous a high-value upgrade conversion of
methanol to formate. In this study, we will develop plasma chemical
vapor deposition and electrodeposition technologies to directly grow
nickel-based layered double hydroxide/vertical graphene array (LDH/
VGA) composites on carbon cloths as integrated three-dimensional
(3D) electrodes for MOR. The prototypes of 3D integrated LDH/
VGA electrodes will be prepared. This research will provide a new
solution for the development of high-efficiency electrocatalysts for
energy-saving and high value-added water electrolysis.

2. The sp3-configurated diamond has a unique combination of
physical and chemical properties, and particularly its extreme
stability and large electrochemical window in comparison with other
sp2 carbon phases enable it to be used as an electrode material to
achieve a high selectivity in electrocatalytic CO2 and N2 reduction
reactions. We propose to develop a new type of diamond-based
electrocatalytic electrode through anchoring metal clusters (MCs,
M=Fe, Co, and Ni) on one-dimensional diamond nanostructure
arrays (1D-DiaNAs). The basic idea is to increase both the yield
rate and Faraday efficiency of diamond electrodes in CO2 and N2
electroreductions, taking the synergistic advantages of the enhanced
activity through engineering the diamond/MCs interface, and the
broad electrochemical window and tip effect of 1D-DiaNAs. The
effects of the factors such as the surface nanostructures of diamond,
the type of metals, and the loading amount, distribution, and
coordination of metal clusters, on the electroreduction performance
will be investigated. Through comprehensive characterization
and theoretical simulation, the electrocatalytic mechanisms of
CO2 and N2 reductions on 1D-DiaNA/MCs electrodes, and the
synergistic enhancement effects between metals and 1D diamond
nanostructures will be elucidated. This project will provide further
understanding for the design and development of new high-
efficiency electrodes for CO2 and N2 electroreductions.
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Professor Xiaogiao HE
A/ NEHIR

The proposed project will theoretically study the mechanical
behavior of helical carbon nanotubes (HCNTs). HCNTs with
different coil pitches can be generated by incorporating pentagon
and heptagon pairs into the predominantly hexagonal framework
of the carbon nanotubes (CNTs). Due to their special helical
structure, HCNTs possess super-elasticity and unique mechanical,
chemical, and electric properties, which makes them promising
materials for use in HCNTs-reinforced precious metals.

In the proposed project we will conduct a comprehensive study
of the mechanical properties of HCNT structures in three stages.
First, a modified atomic-based cellular automata algorithm
(MACAA) based on the shape of a helix with various helical
pitches and angles will be established for the analysis of single-
walled HCNTSs, in which the HCNT structures will be treated as
a discrete system at the atomic scale. Tersoff-Brenner’s many-
body potential will be used to describe the interaction between
the atoms, while the solution framework will be based on the
conventional continuum mechanics. By linking the atomistic and
continuum methods, the proposed MACAA will be as accurate
as the molecular dynamic (MD) method and allow much faster
simulation. Second, an explicit expression will be established to
describe the van der Waals (vdW) forces between any two layers
of a multi-walled HCNT. With the developed expression for vdW
forces, the established MACAA for a single-walled HCNT will be
extended to the analysis of multi-walled HCNTs, which can deal
with large atomic systems for the numerical simulation. Finally,
an effective parallel MACAA algorithm will be developed for the
mechanical analysis of HCNTs reinforced precious metals. The
influence of different geometric parameters such as coil diameter,
helical pitch, helical angle, size and chirality of nanotubes, etc. on
the tensile strength, stretchability, stability, damage mechanism,
etc. of HCNTs reinforced precious metals will be studied in detail.
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Professor Kaili ZHANG
R B ZR T

Development of microthruster based on Au/Pt/Cr microheater and
energetic coordination polymer propellant

Micro/nano satellites are receiving more and more attention because
of their reduced launch and mission costs, and improved reliability.
With the development of micro/nano satellite technology and the
expansion of its application fields, the functions of micro/nano
satellites such as attitude control, resistance compensation, station
positioning, and orbit adjustment have put forward more urgent
needs for micropropulsion systems. Micro electro mechanical
system (MEMS) technology plays a very important role in the
development of micropropulsion systems. The microthruster is the
combination product of the micropropulsion system and MEMS
technology, which provides maneuverability for in-orbit micro/
nano satellites. There are still many challenges in the development
of microthruster. One of the key challenges is finding a suitable
propellant.

We will develop a non-toxic and pollution-free green solid propellant
with high gas yield and will integrate it into a microthruster. A
nanoscale energetic coordination polymer (ECP) constructed
from transition metal ions, nitrogen-rich bis-tetrazole ligands and
graphene oxide (GO) will be prepared as a solid propellant. The
composition design of the proposed new propellant is expected
to bring many advantages. We will design a microthruster that is
more suitable for high level integration. The microthruster will be
fabricated by standard MEMS technology. The microchamber will
be fabricated by etching a silicon substrate via deep reactive ion
etching (DRIE) to create a microscale hole. The intermediate layer
will also be fabricated by etching through a silicon substrate via
DRIE. Highly reliable Cr/Pt/Au microheater will be fabricated on
a silicon substrate. Both aqueous KOH etching and DRIE will be
employed to generate anisotropic and isotropic etching of the other
side of the silicon substrate to create the micronozzle with different
divergence angles that will affect the micropropulsion performance
of the microthruster. After the ECP-GO based propellant is filled
into the microchamber, the microchamber layer, intermediate layer,
and micronozzle layer with the microheater on the backside will
be bonded together by appropriate technique to form the three-
dimensional microthruster. Specific impulse and thrust are important
indexes of propulsion performance of microthruster and important
reference for thruster selection during space mission. Therefore,
after the successful fabrication of microthruster based on the new
solid propellant, the specific impulse and thrust measurement need
to be carried out. The change of propulsion performance under
different solid propellant formulations is also worth studying, so as
to provide reference for customizing special propellant formulations
according to the propulsion requirements of specific space missions
in the future.
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Dr. Yangyang LI
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SERS detection technology has gained a significant place in the
field of on-site, real-time detection with its unique advantages. First,
SERS detection technology is non-destructive to the sample and has
a short detection time (in seconds). Secondly, SERS spectroscopy
provides information on the vibration of molecules, which can be
used to identify unknowns through fingerprint spectroscopy data
base, thus achieving qualitative detection. Finally, single-molecule
detection using SERS technology has been achieved and is expected
to provide on-site highly sensitive and rapid analysis of ultra-trace
substances. SERS can be used to in-situ monitor the molecular
information of the reactants, intermediates, and products, gaining
insight into the mechanisms of catalytic reactions.

Based on the portable Raman system developed by the NPMM,
we hope we will be able to promote the industrialization of SERS
technology in various fields. Our future plan is to cooperate with
third-party testing organizations to jointly promote the research
of the portable Raman system in food safety and major diseases,
take the lead or participate in the development of some industry
standards, complete clinical experimental verification and medical
device registration and approval, and eventually promote our
portable Raman system in scientific research institutions, medical
institutions, and third-party testing organizations to better serve the
community. We will provide our technical solutions for the "Healthy
China 2030".
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Dr. Zhanxi FAN
SEEFE L

In the future, we will still focus on the methodology of the design
and preparation of unusually phase metals, advanced functional
metal-based hetero nanostructures, and their application in
small molecule conversion. We will continue to explore the
synthesis method of novel metal nanomaterials with unusual or
unprecedented crystal phases, characterize their fine structures,
interpret their formation mechanism, and expand their synthesis
method to other kinds of methods. Detailly, we will pay special
attention to the preparation of Ru, Ir, Rh, and Pt with pure phase
and/or heterophase structure. Exploring the methodology using wet
chemical synthesis method, electrochemical synthesis method, and
epitaxial synthesis method. We will delicately characterize the atomic
structure, and try to expand the method to non-precious metals.

We will keep researching the rational design and preparation of
advanced functional metal-based hetero nanostructures, especially
focusing on the composition, structure, and interface based on the
properties of applications. Detailly, We will dedicate ourselves to the
preparation of novel precious-metal-based hetero nanostructures
with different compositions, such as AgCu, AuCu, RuCu, RuNi, IrNi,
Rulr, AuRu, Aulr, and so on. We will try to modulate their spacial
structure forming a desired structure such as the Janus structure,
core-shell structure, and so on. We will try to tune the interface
of the two parts via modulating their position, boundaries, and
contents.

We will focus on the application of these novel materials for
catalysis, and pay more attention to the area of carbon neutrality.
We will carefully evaluate the electrocatalytic CO2 reduction
performance of the prepared novel materials in both the aqueous
CO2RR system and Li-CO2 battery system. Based on the rational
design of the material, we will try to improve the activity, selectivity,
and longevity aiming at the production of C2+ products in aqueous
CO2RR system; and boost the kinetics in the Li-CO2 battery. We will
also expand the application of these materials to other catalytic
reactions such as NOs reduction reaction.
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Dr. Tao YANG
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As a newly emerged field in materials science, the chemically
complex intermetallic alloys (CCIMASs) offer a rich playground for
designing novel materials for structural applications because of
their tunable superlattice structures, huge compositional ranges,
and promising mechanical properties. Along with the deepened
studies gradually, the application prospect of CCIMAs would
become more brilliant and broader, and meanwhile, new challenges
arise accordingly, especially upon the innovative alloy design
and manufacturing techniques. Therefore, more fundamental and
comprehensive studies should be carried out systematically to
further accelerate the discovery of novel high-performance CCIMAs,
and ultimately, facilitate their wide applications in different industrial
fields. Here, we will focus on several critical issues and possible
key directions for future research on advanced structural CCIMAs,
including:

1. High-throughput design of ordered superlattice structure

2. Microstructural control and mechanical properties at elevated
temperatures

3. Designing high-performance CCIMAs for ultra-high temperature
structural applications based on the noble metallic systems
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Professor Minhua SHAQ
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Electrochemical conversion of CO2 into value-added fuels via using
renewable electricity is a promising technology in both atmospheric
CO2 concentration reduction and clean energy generation. However,
the wide adaption of CO2 electrochemical reduction (CO2RR)
technology has been hindered by the unsatisfactory performance
of catalysts due to their low catalytic activity, poor selectivity on
a single product and limited lifetime. Among all the products
that can be generated via CO2RR, CO has received considerable
attention since it can be readily used as the feedstock in the well-
established Fischer-Tropsch process to generate various chemicals.
Pd is an excellent candidate due to its ability to generate CO at
low overpotentials with an acceptable reaction rate. However, the
suppression of hydrogen evolution and CO poisoning issue on Pd-
based catalysts has not been well achieved. This proposal aims to
adopt catalysts surface structure and composition design to develop
advanced Pd-M (M=Au, Ag and Cu) bimetallic nanocatalysts with
novel structures for selective CO generation in CO2RR.

In this research, we will investigate the synthesis, characterization
and evaluation of “Pd-based Bimetallic Nanocatalysts” with
novel techniques and approaches. Two categories of Pd-based
nanocatalysts will be the target systems: 1) “nanowire structure”
Pd-M (M=Au, Ag and Cu) catalysts with a varied nanowire diameter
and shape (jagged, smooth and dendrite); 2) a “core-shell structure”
consisting of a Pd (and Pd-based alloy) shell with a varied thickness,
shape and a foreign metal core. We will develop novel protocols to
synthesize the target catalysts with well-controlled composition and
structure, which will be the key for the intended high CO2RR catalytic
performance. The activity and stability of these shape-controlled
catalysts will be evaluated in both liquid cells and electrolyzers
to demonstrate their feasibility in practical CO2RR applications.
Combined experimental studies and theoretical approaches will be
utilized to investigate the reaction mechanisms, and build up the
relationship between the catalytic performance and the catalyst
composition & structure. Besides, we will also explore the structural
and compositional evolution of developed catalysts under reaction
conditions, which will shed light on the development of long-lifetime
catalysts.
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Professor Zijian ZHENG
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The recent development in health monitoring, sports tracking,
Internet of Things (loT), and electronic skins highly requires flexible
and wearable electronic sensor systems with high breathability.
The breathability of wearable sensors to gas and liquid can ensure
high wearable comfort for end-users, and more importantly, provide
an effective solution for non-invasive, accurate, and long-term
monitoring of important physiological signals of the human body.
In the past twenty years, while research efforts have been greatly
focused on the development of highly sensitive, stable, reliable, and
multifunctional wearable sensor systems, the wearing properties,
particularly the breathability of such device system, has been largely
overlooked. The fundamental obstacle is that these devices are built
on the basis of non-permeable plastic thin film and bulky packages,
which hardly provide conformable and comfortable contacts
between devices and skins with soft and dynamic surfaces. This has
largely limited their applications in simultaneous, continuous and
long-term health monitoring.

To address this challenge, we propose to develop a new type of
high-performance wearable and breathable system integrated with
various sensitive, reliable and multiplexed sensors on the basis of
highly breathable materials and structures. To achieve this goal,
we will develop a set of permeable and flexible/stretchable type of
metal conductors, which not only show high level of conductivity,
flexibility/stretchability, but also high levels of permeability to
gas and moisture. These metals should also be stable in various
environment, resistant to a high level of corrosion and friction.
In this case, we will develop new type of precious metal through
control of the metal synthesis, their nano and microstructures,
nanocomposites, and nanointerfaces. Based on these permeable
type of soft and durable metal conductors, we will develop
permeable type of wearable sensors and sensor arrays. The success
of this project will make a paradigm shift of use and design of
materials, devices, and systems in the future. It will originally
contributes to the new concept of breathable and multifunctional
wearable sensor systems. The newly developed breathable
materials, devices, and monolithic system should not only be
applied in the long-term health monitoring as demonstrated in this
proposed project but also have great promise for the applications
in loT and electronic skin, showing remarkable commercialization
potential in a long term.

ERUEHARZIMUZFRETEREEDE
B BE STRESERABREER-F
RNBRBBMEIUERMEEFFRRE
MEFE  EEARRAZE  YHEERS
RERTHRRARNER - BE-TFHR
HEFMERRNIFERWESEM VAR
FRE  AUBINIUEFR/ERID T
BERPZFHENER - Bt - RRNAEH
ZETHRIENERERENINESE
ME e MBHTEREESEERE  FERN
A BANEE ARES ) RORRE - %
BRERER 588 MgERE Bt
NEENZIMESEEE - E—SRARA
HERMZERMERBARS
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Dr. Ye CHEN
BRtb i+

e Continue to develop in-depth research on the innovative synthesis,
structure characterization, and physicochemical property study
of novel precious metal-based nanomaterials, in order to provide
fundamental guidance for optimizing their performances in
practical applications.

e Explore low-cost and efficient production of precious metal-based
nanomaterials in industrial grade.

e Improve the biocompatibility and cost-effectiveness of precious
metal-based nanomaterials and explore composite products
hybrid with precious metal-based nanomaterials.

s MERAFRNESCEEM KM BINA
MEM - BBRE - URSEERYM
BNHE  BECHEERERAPAMLEE
RERHERRERES -

s REBARAN SRENESBEARKMH
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Bringing out Our Best
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Open Exchange and Services

NGRS ST

The NPMM has been supported by the Shenzhen Research Institute
of City University (CityUSRI) through its sharing of the costs of
purchasing advanced equipment, such as a high-resolution 3D
scanner and a system for residual stress testing. The NPMM has
spent approximately HK$23.5 million on the purchase of advanced
equipment to enhance its research infrastructure and strengthen
its research capabilities. The key items of equipment costing over
HK$100,000 are listed below in the table.

In addition to CityU’s advantageous location and the engagement of
researchers from five CityU engineering departments, the NPMM is
equipped with state-of-the-art equipment for materials fabrication,
characterization and property analysis, valued at over HK$100
million. All of this advanced equipment is available for use by the
NPMM research group. With the recruitment of members from other
local universities, NPMM equipment will be shared with increasing
numbers of experts in the field and therefore contribute even more
to the advancement of materials research.

BB h OB AR R 85 - £E
AEBELERBHRA  HINSHEE 3D
RHEENRGEDAARS - BB PO
CERBELTERBIEEN 235088 U
RAMEERREMTRED - UTIRE
BEEBB+EETNERRME

HABBLEES ETBIFLERKRA
TEREHAEMFANAEAS  EEABEAR
MEERER - MR RBMMESTEZELE
M EERE BEEBEB1,0008BT - FI
BRERBHAHESE D PO EBEBAE
A BEIMBRENMA  EEBIHLE
HMRESAETNERAZRE B H
EF¥E AMEMERRELESER -
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2021

2020

2019

2018

2017

2016

Total Cost of Equipment
Purchased

SR ARBHARRA

HK$3 million
300 BT

HK$5 million
500 Bi& T

HK$10 million
1,000 BB T

HK$1.5 million
150 BT

HK$2 million
200 BT

HK$2 million
200 BBt

Key ltems of Equipment Purchased (Costing over HK$100,000)
EBANIEREB (EEBATEBT)

* Milli-Q 1Q 7003 Type Il and Type | Water Purification System
® PS-XHW-200 AEO Custom and 3P Hardware

® PS-XHW-100 AEO Custom and 3P Hardware

® 2D Manual and Motorized Transfer System

* FD-03B Bending Test Equipment

* Cellscale Biomaterials Testing Mechanical Testing System

* Discovery Thermomechanical Analyzers (TMA) 450EM

¢ Discovery Dynamic Mechanical Analyzer (DMA) 850

® XYZ Stage and Controller

® Programmable Mechanical System

® Temperature Control System

® Transducer

* Portable Raman System

® 2D Manual and Motorized Transfer System
® Newport Class AAA Solar Simulator

* Kinexus Pro+ Rotational Rheometer

® Dynamic Mechanical Analysis System
® Thermomechanical Analysis System
® 3D Printer for Metallic Materials

* 3D Scanner

® 3D Bioprinter

* Bioscaffold Printer

® Programmable Mechanical System

® Portable Raman Spectrometer

® Image Dimension Measurement System

® Photonics High Power Supercontinuum Tiber Laser
® Electromagnetic Measurement System

® High Temperature Tube Furnace

® Slow Strain Rate Test Machine

* Closed Field Magnetron Sputtering System
* Laser System for Measurement

® Cooling Chiller System

® Rapid Thermal Processing (RTP) Furnace
® Microscope for Mico Teg-Si System

® VVacuum Sintering Furnace

¢ 1 Branson Ultrasonic Actuator

® High Resolution 3D Printer

* Hysteresis Measurement of Soft Magnetic Materials with Accessories
¢ Differential Scanning Calorimeter with Accessories, 220V/50Hz
* SMAT machines

® Probe Station and Optical Table

® Reflectometer

® Vacuum Oven

* 3D Scanner

o WM RITRERIE D 1%

® 3D Printer

® Sputtering System

® Gas Detection System

* Triple Rollers Mills with Accessories

® Bio-Architect Work Station (Multi-Materials 3D Printer)

® Vacuum Glove Box with Accessories

® Raman Spectrometers

® Spectrophotometer Main Unit with UV Probe System Software
® Gas Chromatograph System with Accessories

¢ 2 Branson Ultrasonic Actuators Hysteresis (2500W and 4000W)

* Measurement of Soft Magnetic Materials with Accessories

¢ Differential Scanning Calorimeter with Accessories, 220V/50Hz

® TEM In-Situ Tensile Holder (Single Tilt Straining Holder with
Motorized Drive) with Accutroller for Strain Control of the Specimen
and Speed Control Cable (0 to 1 micron/second Control).

® Arc Melting Furnace with Copper Mould Suction Casting under
High Purity Argon Atmosphere, including Water Chiller
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Key Collaborations and Technology Transfer Achievements

R G R B i B

Our mission is to generate important fundamental and applied
research outcomes by investigating precious metals and
nanomaterials, and thereby achieve breakthroughs in technology
transfer that benefit the national economy. As such, we are focused
on forging collaborations with a wide array of research institutions
and industrial partners, both locally and non-locally. The most
significant collaborations that we have established are highlighted
in this section.

BEEBOPOBNEEBANAKI RS HEE
ERMERERAE  BERERNER L
WMERE - WKBEEMER - Bt - HMHF
HY S &% E I B A SNRH T AR AN 1T SRR 1
B BRERAEREBEAEMIML -

Industrial Collaborations ¥R &

Collaboration with Sino-Precious Metals Holding Co., Ltd.

NPMM has forged a comprehensive collaboration with Sino-Precious Metals
Holding Co., Ltd. This is a leading precious metal production and development
company with a well-established team whose scientific research and production
efforts are led by the Chinese Academy of Engineering. With KPIM as one of its
subsidiaries, the company has a unique capacity to perform independent research
on precious metals. Moreover, it has sufficient space and capability to promote the
development of precious metals and their industrial applications. In 2016, Professor
Jian LU, Director of NPMM, signed an agreement with the Academician Workstation
of Yunnan Province for the industrial-scale development of high-purity gold and
silver for electronics applications. An Advisory Steering Committee Meeting is held
annually with the management of the Sino-Precious Metals Holding Co., Ltd., to

discuss collaboration plans and research directions.

BEMERSBHMHERKRERRLATEH

BEEBOTOREFDEESEBHIMHEREEERLR (ERESBEE) HERE &
BERPNEHFRE ZHECEEERESBRERRREAAREE  ETHEHERT
BALCTANTEER  MREEERENMERE - FRAEHESBRENNERE B
PEESBMREFTENBLETESEME - N LEHER - ZENMEL LEUEDESE

BRAITEIER 2016 F > BLBH RO EEESBHEHE

B+ TR ek

RERSHEFENREM  SHASRUBCEEBRERN - SRESRSHBEMNEBE
FRA - RMESRAHBETEENEBETRIMN IR CERTE - BB OEF

SHZARNEEBETSEEMIRNWE - IWSETEFMELm -

NPMM has profound collaboration with KIPM and the Sino-Precious Metals Holding Co., Ltd.
BEEEIPLOREREESENMBEREEARLA (ZHESEER) ARPSFERE -
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Industrial Collaborations ¥R &

Partnering with the Jewelry Industry

The beauty, value, and symbolism of jewelry make it one of the most popular types
of decorative items in the world. Hong Kong is a leader in the jewelry industry,
such as jade in Asia, and has long been recognized as the major production center
and trading and distribution hub for jewelry. The expertise of NPMM in the use
of precious metals is highly attractive to jewelry manufacturers and has aroused
significant interest from key local and non-local jewelry companies.

For example, in collaboration with Chow Tai Fook Jewellery Group Limited, SMAT
was applied for the fabrication of jewelry from 18K-24K gold. This treatment
significantly enhances the surface hardness of jewelry, rendering it resistant to
deformation and dramatically reducing the cost of gold production. A Chinese
patent was granted for this technique in 2018.

In another example, Darry Jewelry Co., Ltd, one of the leading sellers of high-end
luxury jewelry in mainland China, Hong Kong, and Macau, was interested in a dual-
phase coating technology developed by NPMM. This economical, environmentally
friendly, and efficient magnetron-sputtering coating technology can be used for the
preparation of multi-level color coatings with high hardness and wear resistance
and enables traditional 18K gold or platinum items to be made in stylish colors and
with novel color-change properties.

BBEARSHE

KENEX  BENSEBERSAETET  THERHURAKIBONGR - FBER/D
NHRBEEBE  —EEFRERANTEREDL  EZNMUBDE - BB P OHE
TEEANEEAR S HENIE B RE AT ARZIER -

HEHE  RALBARBREKESE - LREEWITERE S EERAE SR 18K = 24K
BETMKE - ERAEANERRARENRERE - XHMBRET - AKXREIESEH
MR o BRI 2018 FEUGPEIEF) o

HnRBEARATARS —
B OF R ERR

BlF ERPBRASEREERHERS 22— BihkE  HE
REBAFBWRBRMARES - BEMEBRHRMEEEE - R

REBH - TRAMTESRE - MENZCZERE - $ER 1K ESHBARHEERHE

@ o

Chow Tai Fook Jewellery Group Limited
BRBEREER

Darry Jewelry Co., Ltd
BHRUKEERAA
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Industrial Collaborations ¥R &£ Academic Collaborations B35 &£

Changsha Shaoguan Chrome Blank Co., Ltd Research Collaboration with the Hong Kong Center for Cerebro-cardiovascular
Professor Yang LU’s team worked with the Changsha Shaoguan Chrome Blank Health Engineering (COCHE)

Co., Ltd to conduct research on the application of nano-film technology of quartz Professor Jian LU joined COCHE as its chief scientist in 2021 and led the NPMM
photomask for chips. Under this collaboration, Hunan ShaoGuang Chrome Blank team to engage in joint research projects with COCHE to develop effective methods
Co., Ltd. is responsible for the process development and sample preparation of for the early detection of cardiovascular disease (CVD), which may enable early
quartz photomask nano-film coating, while Professor Lu’s team is mainly responsible intervention for treating CVD. A clinical trial of these methods is currently being
for the mechanical characterization test and defect analysis of photomask nano-film. performed at the Prince of Wales Hospital.

Approved by the State Council and the State Administration of Science, Technology

and Industry for National Defence, Changsha Shaoguan Chrome Blank Co., Ltd is an COCHE is a collaboration, established in 2020, between the CityU, the University
enterprise focusing on manufacturing ancillary mask reticles for integrated circuit of Oxford (UK), and the Karolinska Institute (Sweden). It is financially supported
chip, as well as the major standard maker for mask reticle. by ITC and has been admitted to Inno-Health Cluster of the InnoHK Programme,

which is a major R&D initiative of the Hong Kong Government. COCHE develops
flexible sensing, biomedical and molecular imaging, nano-biosensing, and

RIVEBEXEBRERELT artificial intelligence technologies for health-related applications. In particular,
BEEEHRMNERERDBAEMER AR SIEETHE  REEBIEAR X BRKERM COCHE focuses on the development of innovative wearables that record key vital
FERRRE #EZEERARABEMNKEREETISHE  EREE mMaEIES signs, including but not limited to blood pressure and electrocardiogram signals,
SETHBEMKERRE  BHEREDH - RABNBRER A DERBERREZRE unobtrusively, continuously, and in real-time. These wearables transmit such data to
PR TEEHE  BEXfEERERSHENNE » URFTEEENBHRIERSE o workstations for further analysis and integration with other biomarkers, paving the

way for the early detection and diagnosis of possible acute CVD.

BEBORDERRIEARPOHEHE

EEHRN 2021 FUEERERFSNMATBOMOERREIRMEHL  FEESED
FOBERSEBEMRER - BREAERRERILCOERBENG L - UERENAE
B o REFEFETR T8k SRR R ETIRREE -

EEBERNTHERMGAFMNERENEYT B LENERRIRHEHOEEBET
RE - REBIBAEMEH A -FEME FERAER 2020 £/, - WHEEE InnoHK RIFTEE
e ¥ BT # Health@InnoHK RIFiF & » RABBUFEZM B BN -2 - HEPLE
ERBARRRANEEERSE £ FTHERNTESR - WRENERINATER
i HHRMRCHEIBZEDHARNFRAFNEE  EFETRROBMNOEBHMR - Z
HERTEE  TEBEERETRE  YLHBEERE TFLEE-—SoMMESHi
LR - ERRR El MDA REE S O MERR

Changsha Shaoguan Chrome Blank Co., Ltd Professor Yang LU collaborates with A housewarming of COCHE Office is held on 15 June 2021. (Photo Source: COCHE Website)
ROBAERERAT the Changsha Shaoguan Chrome Blank Co., Ltd. FEROKOEREIRAEF LR 2021 £6 A 15 AARFEREER - (BH KR : COCHE M15)

EFHRERDBAKRARDREE -

The Hong Kong Center for Cerebro-cardiovascular Health Engineering (COCHE)
ERLEOEREIRMAED L
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Academic Collaborations 2li& 1

Collaboration with the Shenyang National Laboratory for Materials Science (SYNL)

As NPMM is one of the Hong Kong branches of the Engineering Research Center,
its missions are to perform high-level research, to attract and train outstanding
scientists, and to conduct academic exchanges in the Guangdong-Hong Kong-
Macau Greater Bay Area. Thus, In 2020, NPMM established a Greater Bay Joint
Division, headed by Professor Jian LU, in collaboration with the SYNL to conduct
research related to precious metals and examine possible applications of this work.

FBTHHBERRRPOSHF

BEEBIFOARXIRRMMEROEBDFL - SHRETSHME BEMEEEY
MER  WEEBRNERETEMN - ESED P OR 2020 FIREGHHIBHBEIRH
RPLNEIREBRVBEHER  AEEHREEIBEML  ETESERBENERMNE
R -

Y9 ommmtna e Esms

Shenyang National Laboratory for Materials Science

SYNL

Shenyang National Laboratory for Materials Science

EB RN Z2ERTRD O

Mr. Paul CHAN, GBM, GBS, MH, JP, Financial Secretary of HKSAR (Middle), visits NPMM and takes photos with
Professor Jian LU (Right) and Professor Xunli WANG (Left).

EERBEBRFUBARRERZER GBM, GBS, MH, K4+t (f) ZHBELEAPL HEBHE (£) HERFE
BE () &8R-
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Commercialization through Entrepreneurship
From Zero to One Hundred: Surface-Enhanced Raman Spectroscopy (SERS) Technology

HeRSFETERL
HEE—F  RERRASXEREK

We regard our basic research—research that aims to develop an understanding of a
particular phenomenon—as the “zero-to-one” stage of our work. Our collaboration
with the Sino-Precious Metals Holding Co., Ltd., is an example of our “zero-to-one”-
stage research. Information obtained from basic research often creates a foundation
for applied research, which is focused on devising practical solutions for existing
problems. Thus, we regard the scale-up of our research—that is, the development
of effective applications—as the “one-to-ten” stage of our work. Our collaborations
with COCHE exemplify “one-to-ten”-stage research. Some applications explored
in these collaborations are found to have commercial potential, and with mass
manufacturing and commercialization, the “ten-to-one-hundred” stage is achieved.
Technology has to overcome countless obstacles to reach this stage, and we are
excited to be able to share in the commercialization of SERS technology, which
represents a breakthrough in technology transfer.

The healthcare industry has been one of the fastest-growing sectors in recent years,
and the COVID-19 pandemic has increased the public awareness of healthcare
matters. There is high market demand for a broadly applicable material that can be
used for detecting disease and ensuring food safety and commodity safety. A SERS
substrate developed by NPMM has the potential to meet this demand.

W (22— BRNERMEEEERBERR - AMEEHESEEENSER [B
E—| BBRMENG T ERMEASEMZSARAMRHEERRER  BRRARKHE
RETERUTHARS R - Bt - EMARERERERASTEZRT —RERN [—2+] #%
HEBODENEREIRMRDONSERRET—EL T - BLERERS ZABEE
BRE BARBLEENEXRCARAES [t2-8] BR - —ERNERREFNSESS
FEEEER - MRS EELEREE RS ERMWER - ARMER LESRE -

BERBREAFRBREAERNTEZ - FERBEEMNLIREZZENEL - 15
HOUUEREARRANEREYRERZEZNERARATR MESEI D OMEN
SERS) RE#tELEWMEEHER °

On the left side is the novel silver needle based SERS sensor,and as shown in the right, are the surface
morphologies of sliver alloy based substrate before and after our parented electrochemical treatment.

MBI - ZRIRRPAMEEROFERAEAR SERS #ARAMRE - AAABRMNENELERMEENEZNREESE
ERELH -

RELH HAE
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From Zero to One: The Study and Application of SERS Technology

SERS is a field-enhanced spectroscopy technique in which the Raman scattering of
molecules is enhanced 1 x 104 to 1 x 108 times in the proximity of precious metals
such as gold, silver, and copper. The NPMM team, led by Professor Jian LU and
Dr. Yangyang LI, has developed a simple, efficient, and environmentally-friendly
electrochemical treatment process that can endow the surface of such precious
metal materials with nanotopological structures. This process was used to develop a
series of low-cost and high-performance SERS sensors that are one hundred times
more sensitive and several tens of times cheaper than commercially available high-
performance SERS sensors.

B [2E—]  REBBRASKERTEHRREER

REWBNSNER —ERBREMALERN  EERASESEBHIONNSEHE 7T
1 X 104 ERE1 X 108 % - EEBOFOERERBHRRFTHEELINEERT » 5
RH-EEHE AN RANSCEERSF  RESBYWEREMN DAKBREE - 58
BFEAR-RIMERA - SEEH SERS Rt - MERERFBLTH LRSI EH—AE
MEEHE -

The application of SERS sensors is explored in various practical scenarios.

SERS Rt ARARTEES -

From One to Ten: Joint Research on SERS Technology with Various Partners

BH[—E+]  ASEBENRMIPRASLMRRHSHAR

Given the ultra-sensitivity, rapidness, and noninvasiveness of SERS sensors, their
utility has been explored in various practical scenarios. They have shown particular
promise for disease detection; for example, they can identify early-stage lung
cancer by the quantitative analysis of 2-naphthalenethiol, a toxic volatile organic
compound that is present in high concentrations in the exhaled breath of patients
with lung cancer. Moreover, the NPMM team signed a memorandum of intent with
KingMed Diagnostics Co., Ltd., to develop SERS-based rapid screening technology
for the detection of SARS-CoV-2 and has also worked with Professor Zhiwei CHEN's
team at HKU to study the detection of different subtypes of SARS-CoV-2 based
on the platform of the State Key Laboratory of Emerging Infectious Diseases. In
addition, the team has conducted blind testing of clinical samples in collaboration
with BGI Group and will continue to conduct rapid bacterial screening experiments
using a portable SERS system.

SERS sensors can also be used for point-of-care testing of skincare products and
antibiotics, the rapid identification of fish freshness, and the analysis of various
components in urine. Furthermore, they have shown excellent potential for use in
the quality control of edible sugar and liquor.

7 SERS Rt AEHES - RE - FARY - HRTRSENEREASREZR °
SERS JEtEMBIKBE A BRI - FlanEBEHEF MRS 2-NT(2- REZ ) WE
BAABRNENE BB P OERERENEHESRREERDERATNHET
Broik o HEMBUAREEBNSAERERNHNTHSREBERM ; WREBABH
BRELMERRERERERENREERREBEF - HAROMRUHEHSHREDRE
BB POEBRREAERNEESHE  REAENETER  TEREFNAEEIRE
RN EXERS  ETREARGEER -

REWBN SN EERRTHANEEEERMNAER « RIRE B SR E AV BN 5 -
IR B RBRH I REK D ° SERS Rt EEHRARMERRENHBUERARARS

SERS detection solution from NPMM includes the self-developed silver needle based SERS sensors, optical
adapter and the handheld Raman developed with cooperator.

NPMM #3% SERS 4B 4% - BB SERS #Hét - XBBRBURSEMBMNF IS KL
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From Ten to One Hundred: Commercialization of SERS Technology
via a Start-Up—LUMAT-SERS Limited

EREPEH SR WERL

NPMM'’s SERS technology was licensed to LUMAT-SERS Limited, a technology
startup established by the NPMM team that has been admitted to the HKTech 300, a
large-scale flagship innovation and entrepreneurship program organized by the
CityU. LUMAT-SERS Limited has been recommended for incubation and was
granted HK$1 million by the HK Tech 300 Angel Fund in April 2022. It has been
admitted to station at the Hong Kong Science & Technology Parts Corporation and
is conducting other fundraising endeavors to attract investment. With the support
from HK Tech 300, we expect further commercialization of our SERS technology by
young entrepreneurs to gain social impact.
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BELEOPOERE BB ESAERIMRETERPOBBRRLNDAIEERFTEERA
7l EEEKYE S HK Tech 300 1751 - 1A 2022 F 4 AR IHEUSH HK Tech 300 RfEE
TRERMEMN 100 BB TEYFE—PER © HK Tech 300 EEBHH ABEPN—HEK
HAFAIRETE  SESBANMERRRABERELCHERER - BEROEEAR
ERNREQATNARBEAE  UEBBHMRESZEES - 7 HK Tech 300 95T -
BMAEFELERSE S ERAEBRNS K ERMERL - BHEFTREALE -

LUMAT-SERS Limited is established by the NPMM
team to commercialize SERS technology. (Photo
Credit: Ta Kung Pao)

BB PURBRIEFHERD AT SERS HiliE
- (BRTR: KDH)

HK Tech 300 is a large-scale flagship innovation and
entrepreneurship programme organized by CityU for
aspiring entrepreneurs among CityU students, alumni,
research staff and the general public using CityU’ s
intellectual property (IP) and/or technology to launch
start-ups and ignite their entrepreneurship journey.

HK Tech 300 2B EAEMH —RAFAIZKGE - BH
RHBESRIENHEARBE - HARK - HAMEAR
URAREREAMBNARERREMER DA 2
RAINEMATRIDAIDE - SAFIR RIS Z KRG AR
i o
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Public Engagement
DR E

When thinking of precious metals, people tend to consider them as
a luxury that is far from their reach. However, precious metals are a
part of our daily necessities, such as Computers / Communications
/ Consumer (3C) products and accessories. To raise the public’s
awareness of and interest in the field, NPMM members deliver
various talks to the public and industrial partners as part of
their knowledge transfer endeavors. Highlights of the NPMM'’s
community activities can be found in this section.

InnoTech Expo 2018
2018 AlFHEE

The InnoTech Expo 2018 was a large-scale innovation and technology
(I&T) exhibition hosted by the Our Hong Kong Foundation. With the
support of MOST, the Expo showcased China’s I&T achievements
and many high-tech inventions. The InnoTech Expo 2018 focused
on industry, agriculture, and medicine. Besides the exhibition, a
significant number of experts were invited to deliver public talks
at the Expert Forum. Professor Jian LU delivered a talk entitled
“Structured Nanomaterials and their Application” in the Engineering
Science and the Future World forum. With a record-high attendance
of over 150,000, the Expo significantly raised public awareness of
I&T development and collaboration in Hong Kong and mainland
China.

BERIETE  AREARBEMRET
AkNEGR  BEEL . SESENEMA
BELEEEEEE  HIMER B HEE

FEERREMN - RIBELARHESEES
MRMMER SSEIPLRESESE
DNBMAKTBE - BAREBRE—HD -

2018 BRI RERHBAREESEBRNK
HAFNFERE EEARMEBRIZE
T ZERBLUII] - TE] - 8] 5
=SRFE REPEZEARARI—RT
SREEP-RTREN ESFHEZHE
EXREXREARER  HhaBHEE
[ITRERIZEB AR | WERH [EBMAK
MRIEER | ETEE - REASAXEB
150,000 » RIEFHS @ W AIREALAREH
BRIR R HIERRR

Professor Jian LU delivers a talk at the InnoTech Expo 2018: Driving innovations from strength to strength organized

by Our Hong Kong Foundation.
BEEREYEEAREE 2018 : IRNBHEPAHR ERREH -
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Automotive Lightweight Conference and Exhibition (ALCE) 2019

2019 REK B/ KRB REe

ALCE2019 was held in September 2019 at the Yangzhou International
Exhibition Centre. The conference and exhibition was hosted by
the China Society of Automotive Engineers (China-SAE), Jiangsu
Association for Science and Technology and China Auto Lightweight
Technology Innovative Strategic Alliance (CALA), and jointly
organized by the Yangzhou Municipal People’s Government.

Focusing on key technologies of advanced lightweight materials,
lightweight design, advanced joining technology, forming
technology and equipment, the ALCE is the largest international
automotive lightweight communication and docking platform
in China and is highly recognized among the global automotive
industry. International and local experts are invited to share their
views on automotive lightweight industrial policies and the technical
routes to explore cutting-edge technologies from home and abroad.
As a speaker in the plenary session of ALCE2019, Professor Jian LU
gave a talk on “Lightweight New Energy Vehicles: Principle, Process
and Case Analysis.”

The four-day conference attracted over 1,200 participants from 400
companies and 50 universities and research institutes. More than
200 of the participants were foreign representatives from over
20 countries and regions, including the United States, the United
Kingdom, Germany, Japan and South Korea.

2019 REREB{LASERESN 9 BEEHM
TEERREFOET  ZEBHPERET
22g  IHERNBREMGE - REEEL
RATAIHE Mg UREMNTARBFE

REULERSME BERF - KEHE
Bl - RIET2REESHERRMBEER
APEBAESEEELRATE  BEE
HRETHRAT - REBF T EBANERD
EHESCEXIRMRMBENE L K
NEELERN - SREREAREEES
BEz— W [HERaEEEL  RE-
T8RRI | HEETES

AREZERIX - BB 1,200 ASHE .
Mo BIRE 400 ZREEMS0 ZRERK
REFBRET - REAEREXE « %EE - 2E -
B - BEZ 20 ZEBR Rt EH 200 Z
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Professor Jian LU presents in the 13th International Automotive Lightweight Conference and Exhibition.
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KingMed Diagnostics Academic Committee Conference 2020

2020 &I BB R B o HEM R &

In December, the KingMed Diagnostics Academic Committee
Conference 2020 was held in Guangzhou with the theme of
“Technology Helps Novel Coronavirus Prevention and Control
through Data-driven Medical Developments.” Professor Jian
LU, together with another nine academics including Professor
Nanshan ZHONG, the top respiratory disease expert in China, were
invited to join the conference to discuss the present and future of
technological anti-epidemic and data-driven medical developments
with over 500 experts from different medical fields in mainland
China.

KingMed Diagnostics (KingMed) is the first third-party independent
medical laboratory in China to be accredited by both the College
of American Pathologists (CAP) and ISO15189, and the test reports
issued by KingMed are accepted by more than 50 countries and
regions around the world. KingMed took a proactive role during the
COVID-19 pandemic by carrying out novel coronavirus tests on more
than 170 million people. It also established the Clinical Respiratory
Virus Diagnosis and Transformation Center within the Guangzhou
Institute of Respiratory Health, with Professor Nanshan ZHONG
serving as Director.

Professor Jian LU presents at the KingMed Diagnostics Academic Committee Conference 2020.

BEYRIE 2020 EHEZSMEZESEERIGRREN -

2020 £ EEREMEZEGEERTEN 12
BEBMET  £BEE [RIBHFBHE
HERHEERRE |  c SRHAFEFEHART
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ER—-2 HEFRSRENEHESIEESE
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MISO15189 RBEME = BUEESHE -
HEHNRBRESEZREBL 50 ERERM
WERE o SIWEHBRIEHEEEHAEB
187,000 B AETHRA - 37 B E AN RO 42
EREBREA R [IRRFRERS DM E
Bl o HERLRETHEBEEEF-
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The 20th Science of Asia (SCA) Conference
5 20 JEE AR S E R E

The 20th SCA Conference was held in Guangzhou, China in May
2021 with the theme “The Age of New Materials: Innovation for
Sustainable Society.” The Conference was organized by SCA and the
China Association for Science and Technology (CAST), administered
by the Shanghai Institute of Microsystem and Information
Technology (SIMIT) CAS, the Department of Science and Technology
of Guangdong Province, the Guangdong Provincial Association for
Science and Technology and the People’s Government of Guangzhou
Municipality, and co-organized by the Advanced Materials Alliance
of CAST Member Societies (AMAC).

The conference consisted of nine keynote speeches, six parallel
sessions and two poster sessions, as well as the SCA Management
Board Meeting and SCA General Assembly. Professor Jian LU gave
a keynote speech at a session moderated by Professor Xiaoming
XIE, Director of SIMIT CAS, and Professor Weihua WANG, Director
of Guangdong Songshan Lake Materials Laboratory. Among the
prestigious speakers who presented at the session was Professor
Nanshan ZHONG.

This was the first time that the SCA Conference had been held
in hybrid mode. Nearly 500 people from 21 countries/regions
attended the conference, and more than 70 distinguished experts
and scholars from Chinese and foreign scientific and technological
circles attended and gave speeches.

F20BEMNNBEESREN2021F 54
EEMET  EES [FHRER  BaE
BEHRRAEMAIF] - KEHT N 2EE
SMPERMERMBEER  FEMZERE
BMAZEENRMAER - BERERER
fiiEE - BEREANBEMBE EMHARK
EEY > PEIRHG LEM I ESH S BTN

RERANSEEES - NMEADRENWS
BHRRE  YERTDNNSZESEEER
EEERN2REERE - BRERERE
AEERHBREB/RT THEHE - ZIREH
EENEMHEREHERETEHRAK
BMRLAMHEREFTEIFER T
¥ AEERNBBEERFRASEBER
BRI+ S EER

AERAEEILUEAERNET ]I THRE
21 AR R/ thE&IE 500 Y A T2 i§R
MRERE 70 NEREREEHES R
Rij o

Professor Jian LU gives a plenary talk at the 20th Science Council of Asia (SCA) Conference successfully held in

Guangzhou, China.
EERYBREE—TEENNSEEGAERRIEESE -
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Nature Conferences - Chemistry of 2D Materials

H ARGk © —HEMPRMLER

In 2022, the “Nature Conferences - Chemistry of 2D Materials” was held at
CityU. Professor Hua ZHANG, Dr. Zhanxi FAN and Professor Jian LU took an
active role in the conference as organizing committee members. As part of
the Hong Kong Tech Forum, this conference brought together leading experts
from all over the world to exchange views on recent trends in a variety of
topics on the chemistry of 2D materials. The discussion covered bottom-up
and top-down syntheses of 2D materials, and their chemical functionalization.
An overarching theme was the experimental and theoretical methods by which
materials can be characterized with atomic precision. Attention was also paid
to the applications of 2D materials, particularly those with applications in
catalysis and energy storage.

WORTE 2022 P [ BREMS
& CHEMEMER] - ZRERT
BRI WE-RD EREHRE
RER > FHRRERR  CHAEE
THEBRERHEBZENE &
LEXFRBE - E BN &
HBBRFARXM - TERE_EH
HMWBETMEMBEMTHERS
% AR EALEThEEL - Hh—1{E
EENETERERMNERLE &
BELTEURFRERBIE
THEMENERBZIEE - 555
ERLEEFRCMEERFTREL
SR BEAEBIAT RS o

Professor Way KUO, CityU President, officiate the opening ceremony of Nature Conferences - Chemistry of 2D Materials.

HARRBUERT ERBMER - —AEMEE2RER -
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A Simple Model to Predict COVID-19 Evolution
D AR 5 5 4

The pandemic has prompted a rethink on how research can limit the
global spread of disease. With the spread of COVID-19 worldwide,
there is an urgent need for a simple model to predict how the
pandemic will evolve in individual countries. Supported by the
Chinese Academy of Sciences and the Alliance of International
Science Organizations (ANSO), Professor Jian LU worked with
Shanghai Jiao Tong University, Beihang University and the Naval
Medical Research Institute to develop the Braking Force Model on
Virus Transmission to evaluate the validity and efficiency of non-
pharmaceutical interventions (NPIs) and vaccine in controlling
the COVID-19 pandemic. Based on the historical information of
the COVID-19 pandemic worldwide, this model classifies the level
of effectiveness of NPIs and SARS-CoV-2 vaccination and thus
forecasts the time required to control the pandemic and provides
an indication of future trends. Based on the Braking Force Model, a
pandemic control strategy framework has been devised that allows
policymakers to determine when and how long to implement NPIs,
such that a balance can be achieved between public-health risk
management and economic recovery.

This work was published in China CDC Weekly and posted on
Professor Lu’s personal website: http://staffweb.cityu.edu.hk/jianlu/.

NPMM members also deliver talks to mainland universities, and
many serve as committee members of external advisory bodies,
including professional, industry, government, statutory and
non-statutory bodies. Two examples are the Daya Bay Nuclear
Safety Consultative Committeeand the Committee on Innovation,
Technology and Re-industrialization under the Innovation,
Technology and Industry Bureau (ITIB).

REAZHFERE  SEARBUFAER
BEHRSEZRER ARTSYERME
EERABFANTHRSEERRXEE -
EHERZRMN [—% 5] EEMZ2A8
BENZET  2BHRELBIBEAE -
EEMEMAKRE  PEARBRESER
BIREMBFEL T BRRERRTHER
B ERSERGHB IR ERERE
HEHENHBREELER BB
BHREE  HRAEREABRERETNREE
BR - BERADIEY T RBENHTER
HNBREES R  RRAREZENMER
BAARRED - KM REBEEREHER
FEFIRKIER  RERFIEEREERF
EYTHERNSENRE  WEEQAHRE
L EREEREN CHIETE -

BEIECHIERE T BERFRERZES /0B
o BRI RISFEREBARL EEH
http://staffweb1.cityu.edu.hk/jianlu/ °

EEBOPO—BAEHEEE N ABEE
B WSREXERF - THE - BUFREM®
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BI¥{EEE -

The Braking Force Model facilitates policy making regarding the COVID-19 Pandemic.
FERESEEHNB N R HERBEEBERE -
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Highlights of Past Events
AT IE)

One of NPMM'’s missions is to serve as a platform in a regional
cluster to allow academic experts and students from top institutions
around the world to share their research achievements, exchange
ideas, establish relationships leading to future high-level research
in the nano-research field, and facilitate mutually beneficial
experiences for world-leading scientists, delegates and sponsoring
firms.

The COVID-19 pandemic has posed challenges to event organization.
However, NPMM has adapted to the ever-changing situation by
moving its events online. Such virtual events are unrestricted
by physical venues and unaffected by borders, and can thus
accommodate greater numbers of participants of a broad range of
ages and nationalities than in-person events. This enables NPMM
to disseminate its frontier research to a wider audience, which
tremendously benefits the nano-research community.

Since 2020, the world has had to cope with the COVID-19 pandemic,
one result of which has been the cancellation of many in-person
events. NPMM strived to maintain “business as usual” and even
stay ahead by innovating during the pandemic, such as by moving
its events online. NPMM'’s first online academic research seminar
was held in 2020, where approximately 65 members delivered
talks and shared advanced research findings. Given the positive
feedback on this online seminar, NPMM has since continued to
organize online and hybrid events to provide platforms for academic
exchange.

BEEBoPONEF—BAREREEBIE
—B2MRTE Bt REREB BN
EXRBEDZBMAT - RAEZE - Y
BEER  RESHKAKMERE » URE
HERERBERMIHRASHE EEER -

ZHEEEXE  ETBITUERWED
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It ETEIPOAKHEAEREDES A
T BARIFRR KRG ©

2020 F# - ZHERELE RZERE
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BERE LR - BER LEMAETESR
2020 FHIT - N5 ERBEBRRBEND=Z
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The International Conferences on Nanostructured Materials (NANO) 2018

%14 JEAORASREATREE PR & (NANO 2018)

NANO aims to disseminate and develop research worldwide on
nanostructured materials and their applications. In June 2018,
NPMM hosted the 14th edition of NANO, NANO 2018, at the CityU,
which was the first time this conference had been held in China. At
this conference, distinguished scientists and scholars from around
the world discussed future trends and the latest developments in
nanomaterials in 12 themed sessions. Around 600 world-leading
scholars and researchers in nanotechnology field from 35 countries/
regions and 300 research organizations attended the conference.

At the opening ceremony, Professor Jian LU, Chairman of the
conference organizing committee, spoke on how the establishment
of MSE had boosted CityU’s efforts to become an international hub
for nanoscience and nanotechnology.

The conference organizers capitalized on NPMM'’s connection with
mainland China—especially its collaboration with the SYNL and
Chinese Materials Research Society (CMRS)—by inviting Professor
Hua ZHANG, who was then serving as Professor at Nanyang
Technological University, and Professor Ming WEN from KIPM, to
chair the session “Nanostructured Precious Metals” together with
NPMM'’s Professor Kaili ZHANG and Dr.Yangyang LI.

The Materials Summit was also held during the conference. The
10 invited speakers at the summit, including HKIAS Senior Fellows
and distinguished professors from universities in the US, Germany,
mainland China and Hong Kong, discussed structural materials,
materials performance and functional materials through lectures
and a panel discussion.

MREBMHEREE  SEOSHREM
Fa o BAIETERMRERYRRE
FER T EMFE - 2018 66 B - E2BHH
DB REBYE 14 BHCREBTREIRE R
(NANO 2018) - 3= 2 NANO & )X 7t [l 2
o 2RPBERBRELZEN 12 BEER
EERACKM B R RBENEHERE - &
BAERTY - W34 600 {2 Bl EH 35 @
T B B R 3 B 4R B AT B A R A B
300 {EfFRIBNIEREE HE o

NANO2018 EREZEEBHNE BB HIRAME
BLyE BRAEERIMBHNERTR
BZ RERBWKBBRAKEAHERH
R o

NANO2018 ERERFASEED OBy
WS CEHREEGHENSERERE
MPBEM B EL2ENEE o BERFRR
REFRREHRINEHESENZTE B
B BRRHARAREZEEBRIHABRE
B [REBESE | RE -

MEHEE IR E NANO2018 HRRIER1T » +12 3%
HEECREBASEMREERRE LT UK
REXE - EF - FEAMNETEEREN
BHEER - thPEZEERR DA RP R
SRR - APRIERIRAThRE AT AL o

(From Left) Professor Lei LU and Professor Ke LU, Co-chair of NANO
2018; Professor Jian LU, Chair of Nano 2018; Dr. Elisabetta AGOSTINELLI,
Chairman of International Committee on Nanostructured Materials; and
Professor Jianfeng NIE, Chair of the next NANO, officiate the conference.

(£#8) Z 14 BEBRAREBINEREZIRSIFERTIR EARER;
BZEIREEBHE  EBRAKREBIM B ZEEE EE Elisabetta Agostinelli
T TEEBRAKREEMNEREZEIRERYUBRRT I HMEEE -

Around 600 world-leading scholars and researchers in nanotechnology
field from 35 countries/regions and 300 research organizations attend
NANO 2018 at CityU.

600 URBEHRAZFIBNEREE  SHIRE 35 EFREERMUEEL 300
EFEHEE - —E R AR ATERE NANO 2018 -
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Advanced Design and Manufacturing Conference 2021

2021 JoilE Kike sent BAUE B R e

Since 2020, the world has had to cope with the COVID-19 pandemic,
one result of which has been the cancellation of many in-person
events. NPMM strived to maintain “business as usual” and even
stay ahead by innovating during the pandemic, such as by moving
its events online. NPMM's first online academic research seminar
was held in 2020, where approximately 65 members delivered
talks and shared advanced research findings. Given the positive
feedback on this online seminar, NPMM has since continued to
organize online and hybrid events to provide platforms for academic
exchange.

To enhance the interaction between science and technology, and
the cooperation between high-tech industry partners in Hong
Kong and those in mainland China, the NSFC and the BHKAEC
provide support to three local universities every year to organize a
conference on their respective areas of strategic technology. Under
this initiative, NPMM was invited to organize the Advanced Design
and Manufacturing Conference in November 2021, delivered in a
hybrid mode at CityU, to connect with Beijing. Thirty-nine experts
and scholars from mainland China and Hong Kong, including six
joint academicians of the Chinese Academy of Sciences and the
Chinese Academy of Engineering, joined the conference online or
physically to share state-of-the-art research on the development of
new materials, which is one of the fastest-growing research fields in
China.

Capitalizing on CityU’s solid research background in materials
science, the conference addressed the dilemma of the lack of
new materials in China and discussed how to strengthen basic
research to raise the competitiveness of the nation. CityU has made
developments in the field of additive manufacturing in recent years,
and its faculty have published many papers in leading journals
such as Nature and Science. In particular, the 4D printing-based
ceramic technology invented by Professor Jian LU was listed in the
European Commission’s “7100 Radical Innovation Breakthroughs for
the Future,” as an example of innovation in 4D printing.

Professor Bingheng LU conducts his online presentation online.
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The six main themes of the conference were advanced design and
manufacturing, bionic design and manufacturing, flexible device
design and manufacturing by 3D/4D printing, smart design and
manufacturing, 2D material and device design and manufacturing,
and functional design and manufacturing of new materials.
Presentations from prestigious scholars, such as Professor
Bingheng LU and Professor Benzhong TANG, showcased the latest
developments and achievements in the materials field in China. In
the wrap-up discussion, participants made suggestions to the NSFC
and the HKSAR Government, expressing the hope that they could
provide more support to Hong Kong scholars and strengthen the
scientific research cooperation between the mainland China and
Hong Kong.

Due to pandemic-related travel restrictions between Hong Kong
and mainland China, collaborations and connections have been
interrupted since 2020. NPMM took the initiative to organize the
conference and thereby re-establish research dialogue between
Hong Kong and mainland China. This reunited top scholars and
showcased NPMM determination to take an active role in research
exchange with mainland China to synergize research outputs
and thus achieve breakthroughs in the development of advanced
materials. The publication of research inspired by the conference will
result in new patented technologies, and industrial collaborations
to commercialize the output from fundamental research, ultimately
contributing to society in Hong Kong and beyond.

SEAATELCELABRTRRE L
HERBRETHAE MR EEE
3D/4D FIEN ~ BHELERFTESRE ; 2D #E
EA2S (RO S BRSNS | DI ThAEE @ M ET A R
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BERFRHESR G205 25 REHE
ZXE e ERmib R S/E o

A B M it E R B R R A HRER S - Mt
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ESEOPUOEIHEREE  ENELEWML
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&L QN RA R ER M - WiE
BITRSFLEERMRERL  HREDTB
LIZEH it 5 Z 5 o

Professor Way KUO, CityU President, Mr. Maozhou LIU, Deputy Inspector of the Department of Educational, Scientific and Technological Affairs, Liaison
Office of the Central People's Government in the Hong Kong Special Administrative Region, Mr. Hoishan HSU, President of the Beijing-Hong Kong
Academic Exchange Centre, took a group photo with scholars from Hong Kong and mainland China.

HABURE FRARBAEBBEHLAZHANEB-RAKBEIBNIR - EBMIRPOLBRBUELEETERARSEHRBRER -
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A Series of Events with Sino-Precious Metals Holding Co., Ltd.

SR SE R 4 8 <e SR MA R P 4 T A PR ) 5 O B

NPMM was jointly established by CityU and the National Research
Centre for Precious Metal Materials and Engineering Technology at
KIPM, and has since maintained close ties with KIPM and its parent
company, Sino-Precious Metals Holding Co., Ltd. NPMM has thus
participated in numerous events organized by Sino-Precious Metals
Holding Co., Ltd., a few of which are highlighted below.

2017 High-end Forum on Academic Exchange and Strategic
Cooperation between CityU and Sino-Precious Metals Holding Co.,
Ltd.

The High-end Forum on Academic Exchange and Strategic
Cooperation between CityU and Sino-Precious Metals Holding Co.,
Ltd., was held in August 2017. Professor Way KUO, the President of
CityU, and Ms. Junmei GUO, General Manager of Sino-Precious
Metals Holding Co., Ltd., together with senior management of the
company and other NPMM members, came together to discuss
achievements in the precious metals area and future development
directions. This forum built a foundation for long-term collaborations
between the two parties.

NPMM members exchange views with the senior management of Sino- Precious Metals Holding Co., Ltd. at 2017 High-end Forum on Academic

Exchange and Strategic Cooperation.
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Professor Jian LU presented at the Precious Metals Forum of China 2018.

BEEHRE 2018 FHER BRI RRIEH -

Precious Metals Forum of China

In 2018 and 2019, Professor Jian LU participated on behalf of NPMM
in the Precious Metals Forum of China organized by Sino-Precious
Metals Holding Co., Ltd. The forum is the most influential event
in the precious metals industry in China and provides a platform
for academic exchange and industrial collaboration. In 2018, the
forum was held in Ruili and had the theme “Open innovation, win—
win cooperation.” In this two-day forum, Professor Lu gave a talk
entitled “Latest Development in Precious Metals and Nanomaterials
Research.” The 2019 forum was held in Shenzhen, lasting three
days, and Professor Lu gave a presentation on “The past, present
and future of precious metals and non-precious metal materials.”
The presentation was well received and Professor Lu’s world-class
basic research on precious metals was recognized by the forum.
Both the 2018 and 2019 fora attracted over 200 participants, and
enhanced connections and collaboration within the precious metals
industry. With strong support from Professor Lu, Sino-Precious
Metals Holding Co., Ltd., sent a second PhD student to Hong Kong
to conduct joint research on precious metals and application-related
research.

PER & BRI
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80th Anniversary Conference of KIPM

In 2018, Sino-Precious Metals Holding Co., Ltd., held a conference to
celebrate KIPM’'s 80th anniversary. Over 100 experts participated in
the conference to review the development of the Institute, exchange
academic achievements and develop collaborations. The conference
was chaired by the company’s Deputy Secretary of the Party
Committee, Deputy Director, General Manager , Ms. Junmei GUO,
and was attended by Professor Jian LU and other joint academicians
of the Chinese Academy of Sciences and the Chinese Academy
of Engineering. At the conference, Professor Lu delivered a talk
entitled “Research Progress on Precious Metals and Nanomaterials:
Concepts, Processes, Properties and Applications,” which
introduced the then-current state of research and development on
nanostructured metals. The conference was followed by an unveiling
ceremony for Professor Lu's academician workstation, highlighting
the promising prospects for collaboration between NPMM and the
company.

80th Anniversary Conference of KIPM is held by Sino-Precious Metals Holding Co., Ltd.
BELEEEETERAESEMEMRIL 80 AFLSAGTELRMBRES -
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Management Training Course for Leaders in Precious Metals
Industry

To bolster interactions between the center and industry, NPMM
joined forces with CityU’s College of Business in 2018 to organize
a management training course for executives of Sino-Precious
Metals Holding Co., Ltd. The course inaugurated a new form of
collaboration to establish a corporate innovation culture with the
assistance of the university. NPMM is honored to serve as a platform
for the recruitment and cultivation of talents for the company.

T 6 SR % D 35

ARTNREREEXNES  EBHH O
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Professor Jian LU attends the opening ceremony of Sino-Precious Metals Holding Co., Ltd.
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The Chinese Academy of Sciences and the Liaison Office of the Central People's Government in HKSAR visit NPMM.

TENZRERTRARBNEEERERZBAZTHEESEIF O -

Visits from the mainland Chinese and Hong Kong governments

As the exemplary unit of the Hong Kong Branch of the Engineering
Research Center, NPMM is highly regarded by the mainland Chinese
and HKSAR governments. NPMM is thus honored to receive
occasional visits from units of both governments.

PR FESRE

EREXTREMMERONERDHL
BEEBOP OB P EMBBFER &%
EAMM BT KRR -

Professor Jian LU was introduces NPMM to the visiting group of MOST in Inter-University 3D Atom Probe Tomography Unit (APTU)

ERYREZERTFREBAMRERZENENSEMBHBEN BH OB -

Visit by MOST

In 2017, MOST visited CityU and NPMM to learn more about their
operation and research directions, and to explore the feasibility of
future cooperation.

PRI B R

HERIZRAER 2017 FEFHRARES
Bodho o THEMENEFEMFELD - IE
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Visit by the Innovation and Technology Bureau (ITB) (The former
ITIB)

Innovation and Technology Bureau (ITB) (the former ITIB)
demonstrated its full support for NPMM by visiting the center
in 2021. Despite the pandemic, Mr. Alfred SIT, JP, the former
Secretary for Innovation and Technology, Dr. David CHUNG, JP,
Under-Secretary for Innovation and Technology and other ITB
representatives were able to tour NPMM's laboratories and have
face-to-face conservations with NPMM members and young
researchers. NPMM valued this opportunity to discuss the
development of the center with Mr. Sit and his team, and to share
their thoughts. It is encouraging to learn that Mr. Sit and his team
were highly impressed by and supported NPMM.

SIFHER (MAHBRRIRR) 25

AIFRIER (AIRIFRHRRIRRE) R 2021
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Delegates of the Innovation and Technology Bureau (the former Innovation, Technology and Industry Bureau) visits NPMM.

AFRMER (FAFHNRRIXR) RRGHAESEOHO -

International and National Award-winning Inventions

The essence of research is to increase understanding of the world,
make a meaningful impact on global value creation and generate
solutions to societal problems. In keeping with this, NPMM
members have won numerous awards for their innovative research.
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International Exhibition of Inventions of Geneva

The International Exhibition of Inventions of Geneva is one of the
biggest global events showcasing innovations and inventions from
around the world. During the pandemic, it has been held in virtual
form as the Inventions Geneva Evaluation Days (IGED). Three NPMM
members were honored to receive awards at the International
Exhibition of Inventions of Geneva and IGED throughout the years.

Professor Yang LU and his team won the Gold Medal at IGED
2021 for their project “Super Bamboo - Sustainable Structural
Bamboo Materials with High Strength and Multi-function.” Their
novel bamboo-processing technique involves both mechanical
and chemical treatments for densifying natural bamboo without
destroying its key internal microstructure, which is critical to its
superior mechanical performance. This technique also does not
release formaldehyde, making it more environmentally friendly than
other treatments. The mechanical properties (stiffness, strength and
dimensional stability) of their “super bamboo” prototype are much
better than those of existing materials or products on the market,
including those of wood, bamboo scrimber, plastic composites and
even metals. Moreover, because of its densified microstructure,
this super bamboo is waterproof and fireproof, which enhances its
attractiveness to the construction industry.

Researchers from CityU won the largest number of awards of all
Hong Kong universities at IGED 2021, including a Gold Medal with
Congratulations of the Jury, five other Gold Medals, three Silver
Medals and three Bronze Medals. This demonstrates the excellence
of the research carried out at CityU, and the award winners were
honored at a special reception officiated by the former Chief
Executive Mrs. Carrie Lam Cheng Yuet-ngor.

HARERZEHAR
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(Eighth from left) Professor Way KUO, CityU President; (ninth from left) Professor Michael YANG, Vice President (Research and Technology)

;and CityU winners attend the special reception on 17 May 2021.

(EN) BARRBUHEE - (Eh) BRR (HERMNER) SERHRMEDPAGEER 2021 F£5 517 HHERFE -
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This was not the first time that NPMM members had been
bestowed with awards at the Geneva Exhibition. “Origami and
4D Printing of Ceramic Structures,” developed by Professor
Jian LU and his research team, won a Silver Medal at the 47th
International Exhibition of Inventions of Geneva in 2019. This
project developed a novel “ceramic ink” —a mixture of polymers
and ceramic nanoparticles—and thus the world’s first method for
the 4D printing of ceramics. The resulting 4D-printed ceramics are
more mechanically robust, larger and stronger than other printed
ceramics. They have considerable prospects in the manufacturing of
electronic products, as ceramics are superior to metallic materials
for transmitting electromagnetic signals. They also have high
potential for use in the aerospace and space exploration fields.

Another silver medal awarded by NPMM members at the Geneva
Exhibition in the same year was “Structural Morphing Enabled
Underwater Quality Monitoring System’; which was led by Professor
Jian LU and Professor Xiaoqiao HE. This technique provides a
new approach to achieving underwater mobility in an efficient,
economical and robust way. It includes multi-stable shells that are
developed by nanotechnology SMAT. The shape transitions of the
bistable or multistable shells in the structure create a volume change
to adjust to the buoyant force in the water and enable submerging
and surfacing without changing the weight of the structure. Data
collected underwater at different depths can be transmitted when
the device is on the surface of the water. The research results can be
applied to underwater vehicles, monitoring and surveillance, and
can be transformed into consumable products, such as underwater
devices.

EIFESEIHOKEE NN EPREE
% BERERRKEATEREBEN [BHKE
EF 4D PIENREE | 1 2019 FHIEE 47 @3
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MEHEH > RESAFEESFER o It
SN AD FIENERREE NERNMETE
RARZEHR-
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Professor Jian LU's team won two silver medals at the 47th International Exhibition of Inventions of Geneva.

EEHREREE 47 ERARRARESHERE -

BELH HAEE 209

yi1buauig 01 yi1buaaig wou4



National Exhibition of Inventions

China’s National Exhibition of Inventions is the country’s only large-
scale science and technology exhibition of innovative technical and
cultural inventions from across various emerging industries. In
December 2021, the three-day 25th National Invention Exhibition-
One Belt One Road & BRICS Skills Development and Technological
Innovation Competition with the theme “invention and innovation,
self-reliance and self-improvement” was held in Foshan, and
attracted more than 2,300 inventions and innovation projects and
participants from 800 enterprises.

NPMM members won three awards at the exhibition, including
a gold, a silver and a bronze medal. The gold medal-winning
project, “Water Quality Monitoring System Using Structural-
Morphological Transformation,” was performed by the team of
Professor Jian LU and Professor Xiaogiao HE. Their novel system
was derived from a patented technology for material processing
and structure manufacturing, and was prepared using a multi-
stable plate and shell with a high bearing capacity and a designable
shape developed by nanometer-surface technology. Through
the controllable deformation of the multi-stable plate and shell,
the volume of the underwater equipment is determined and the
adjustment of the underwater buoyancy is achieved obtained, and
thus efficient subsidence and floating movement of the underwater
profile is realized. The plate is equipped with commercial sensors
and communication modules to realize monitoring of the water
quality of an underwater profile. As only a small amount of energy is
required to excite the elastic-state transformation of the multi-stable
plate and shell to provide the driving force required for settlement
or floating, the energy consumption of the equipment is zero during
the entire vertical monitoring procedure. This renders the device
suitable for periodic water-profile quality monitoring. The system
is small, can be arranged with one hand by an individual, is easy
to recycle, has a long working life and uses commercial materials,
and thus is inexpensive. It therefore has good practical value, and
related technologies have obtained invention patents authorized by
China and the United States.
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" Water Quality Monitoring System Using Structural-Morphological
Transformation” won the gold medal at The 25th National Exhibition

of Inventions.

"HARPEERERNKTHEKEENRS " £E-THEZERAR
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The “High-Quality Multifunctional Sensor at Low Cost” project led by

25th National Exhibition of Inventions.

The “High-Quality Multifunctional Sensor at Low Cost” project led
by Professor Jian LU and Dr. Yangyang LI, won the silver medal.
Also led by Professor Jian LU, the project “4D Printing Ceramics and
Its Application in 3C Products” won the bronze medal.

Going forward, NPMM will continue to build the platform for
academic exchange by organizing different event, locally and non-
locally.

EERERFEEELAEN [EEERN
ZHeRmE] REEERE  MEKHER
BRIREEN [4D FIMNMERHEE 3C Em
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The inventions of NPMM members won the gold, silver and bronze medals at the 25th National Exhibition of Inventions in 2021.

BEEBAPORENRPEE-_+IEZERNIRES LERERHAR -

Led by Professor Jian LU, the project “4D Printing Ceramics and

Professor Jian LU and Dr. Yangyang LI, won the silver medal at the Its Application in 3C Products” won the bronze medal at the 25th

National Exhibition of Inventions.
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Looking Forward

5 [ AR 2

NPMM initially received annual funding of up to HK$5 million
from ITC for the recruitment of researchers and the acquisition of
advanced equipment. However, the funding amount has increased
over the past five years, and raised to HK$20 million from the
2022/23 funding cycle onwards. With this increasing support of the
ITC, the Hong Kong Branch of National Precious Metals Material
Engineering Research Center (NPMM) has been able to scale up
by recruiting more talent and purchasing advanced equipment,
thereby strengthening its research capabilities. NPMM will
continue to conduct research projects, publish pioneering research
findings in leading international journals, file patent applications
and commercialize its technology via industrial partners and
entrepreneurs. As NPMM is a comprehensive platform for academic
exchange and industrial collaboration, it aims to achieve the status
of a world-class precious metals material engineering center within
the next five years.

The NPMM will be a significant supporting influence for the
introduction, local adaptation, and integration of new technologies.
Technological progress and industrial development are also
meaningful for research on precious metals and nano-materials.
Therefore, the NPMM aims to leverage Hong Kong's support and
advantages to promote scientific research at home and abroad,
especially in mainland China, and to collaborate with mainland
China on various aspects of technology knowledge transfer,
commercialization, and industrialization.

In the future, NPMM will contribute to and focus on basic research
related to the various research areas stipulated in its initial proposal.
NPMM will continue to conduct systematic studies on the phase-
dependent physicochemical properties of noble metal nanomaterials
and on the effects of phases on other properties of noble metal
nanomaterials, including optical, electrical, magnetic and mechanical
properties, in addition to exploring other applications. The feasibility
of ultrafine gold nanostructures in a variety of unique applications
will also be examined. The development of high-entropy alloys
comprising various combinations of materials will continue,
allowing us to study their feasibility in catalysis applications. In
addition, the NPMM'’s team will investigate the 3D/4D printing of
precious metals and ceramics with complex shapes that can serve
as the matrices of noble metal-based catalysts. The novel gold/silver
(Au/Ag) wires we have previously developed are supersensitive:
they can detect trace amounts or even single molecules of pesticide
residues, drugs and other chemicals in living tissues, food and
healthcare products. Thus, we will explore the potential application
of these novel Au/Ag wires in other areas, such as in the detection of
SARS-CoV-2.
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As NPMM is part of the Hong Kong Branch of Chinese National
Engineering Research Centre, it is committed to extending this
platform through the establishment of a research organization
that upholds high-level research, engages in the recruitment and
training of superior scientists, and facilitates academic exchanges
in the Greater Bay Area (GBA). To achieve this goal, NPMM joined
the Shenzhen/Hong Kong Innovation Circle in Futian in 2020.
Although the pandemic has slowed its progress, NPMM has been
working closely with Sino-Precious Metals Holding Co., Ltd.,
to establish a branch of the State Key Laboratory of Advanced
Technologies for Comprehensive Utilization of Platinum Metals in
the GBA. At the NPMM Annual Advisory Steering Meeting 2021, a
consensus was reached on the establishment of a front office and an
industrialization facility in the GBA to promote fundamental research
and research with commercialization potential. We look forward
to the opening of this research platform, as it will provide training
for outstanding scientists and facilitate the transfer of research
outcomes to industry. This new institute will not only provide space
for research related to industrialization in Hong Kong but will also
facilitate research collaborations and technology transfer, thereby
fostering entrepreneurship in the GBA. With a team of world-class
scientists and this well-equipped research platform, NPMM looks
forward to more outstanding research outcomes and collaborations
in the GBA within the coming years.
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