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FOREWORD 
 
 
 

Environmental materials science encompasses the molecular design, 
preparation, properties, application, recycling, and other aspects of 
materials, and is a multidisciplinary field involving materials science, 
environmental science, chemistry, and biology. This book focuses on the 
use of materials science for environmental remediation, specifically the 
design and development of powerful adsorbent materials for the removal of 
heavy metal ions. Topics covered include the concept and theoretical 
framework of environmental purifying materials, as well as 
characterization, research methods, applications, and recent advances in the 
field. 

The removal of toxic heavy metal ions from contaminated environments 
remains a global challenge, and adsorption is an efficient and energy-saving 
technology for addressing this problem, especially at low concentrations. 
However, the facile and sustainable preparation of ion-adsorbing materials 
with ideal features such as powerful adsorbability, environmental 
benignness, and high cost-efficiency is still a great challenge. The adsorbent 
materials discussed in this book meet these requirements. They are based on 
polymers with multiple adsorbing groups, such as amino, imino, sulfonic, 
and hydroxyl groups, and were synthesized using a cleaner oxidative 
polymerization process of aniline and its derivatives in pure water. The book 
also includes advanced adsorbents based on other organic polymers and 
inorganic materials, allowing for a comprehensive comparison of their 
adsorption performance. The performance of these adsorbents has been 
systematically optimized concerning comonomer ratios, group densities, 
ion species, and adsorption conditions. 
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This book is a comprehensive compendium of global research on 
powerful adsorbents for the removal of several typical heavy metal ions. It 
comprises 23 chapters that elaborate on the new academic thought and 
concepts of molecular design, cleaner preparation, performance 
optimization, and vital applications of macromolecular adsorbents with 
many amino, imino, sulfonic, and hydroxyl groups that can powerfully or 
reversibly adsorb heavy-metal ions over most nutritious metal ions. 

The main purpose of this book is to enable readers to understand, master, 
and even apply the fundamental concepts, theory, and cutting-edge research 
methods of adsorbing materials systematically and comprehensively. It can 
serve as a research monograph, handbook, and textbook for undergraduates, 
as well as M.S. and Ph.D. students in environmental science, materials 
science, chemistry, and related fields. 

As a milestone in the historic development of advanced adsorbents 
mainly based on organic polymers, this book can also serve as a professional 
reference work for researchers, developers, engineers, managers, and 
educators in the field of environmental materials science and technology. 

 
Prof. Dr. Xin-Gui Li (李新贵) 

Chang-Jiang Scholar 
College of Environmental Science & Engineering 

Tongji University (同济大学) 
1239 SiPing Road 
Shanghai 200092 

China 
 

  

  



 

PREFACE AND ACKNOWLEDGEMENTS 
 
 
 
The extensive and large-scale industrial use of heavy metals has led to 

a global disaster of industrial wastewater, severely polluting the 
ecological environment, and posing a threat to the safety of humans, 
animals, and plants. Effective remediation of the water environment is 
urgently required to address the increasing challenge of heavy metal 
pollution. To improve the resources available to researchers, developers, 
and managers, we have compiled global information regarding the latest 
developments in various adsorbents for heavy metal ions in aqueous 
solutions. This book is divided into five parts and 23 chapters, which 
include an introduction and research background, reversible adsorption 
and desorption of lead ions onto poly(phenylenediamine), redox sorption 
and recovery of silver ions onto amino compounds and polymers, redox 
sorption and recovery of mercury ions onto aniline derivative polymers, 
and selective adsorption of heavy metal ions onto aromatic diamine 
polymers and longan shell. 

The introductory chapters outline the global problem and impact of 
heavy metal pollution and the challenges associated with their efficient 
remediation and removal. The subsequent chapters provide detailed 
information on the molecular design and characteristics of specific types of 
advanced adsorbents that are most prevalent worldwide. 

This book comprehensively and systematically demonstrates the new 
scientific thought and concept of the molecular design, cleaner preparation, 
performance optimization, and vital application of macromolecular 
materials-based adsorbents with various amino, imino, sulfonic, hydroxyl, 
ester, and methoxy groups that can powerfully, reversibly, or selectively 
adsorb heavy-metal ions and noble metal ions, including Pb(II), Hg(II), 
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Ag(I), and Au(III), over most nutritious metal ions, such as Na(I), Ca(II), 
Mg(II), and K(I). The various polymer particles obtained demonstrate 
selective adsorbability towards heavy-metal ions over most nutritious ions. 
The highest adsorption capacity is 2771.8 mg/g for Au(III), 2034 mg/g for 
Ag(I), 2063 mg/g for Hg(II), and 2400 mg/g for Pb(II), while the fastest 
adsorption equilibrium can be reached within 3 minutes for Pb(II), 
achieving the highest Pb(II) adsorption rate of 8491.7 mg/(g.min). The 
sorption rate and partition coefficient of Hg(II) are 763.3 mg/(g.min) and 
5040 mg/(g.μM), respectively. 

This approach differs from other adsorbents reported because the 
preparation of other adsorbents, such as activated carbon and -SH-based 
polymers, is an environmentally harmful process that requires high-
temperature carbonization and extremely toxic and foul-smelling thiol 
reagents. Their adsorption performance is still relatively lower than that of 
the macromolecular materials-based adsorbents designed and prepared in 
this book, resulting in low cost-efficiency and poor sustainability. 

We hope that this book will be a valuable resource for both scientific 
researchers and environmental managers. The academic thought and 
engaging concept of designing and preparing powerful adsorbents presented 
in this book, with penetrating insight, will attract the attention of 
contemporary scientific researchers, environmental chemists, materials 
scientists and developers, R&D engineers, educationists, Ph. D./Master 
candidates, postdocs, and undergraduate students in the interdisciplinary 
field of environment and materials science and engineering. 

We would like to express our sincere gratitude to all the contributors 
who generously gave their time and provided invaluable scientific input for 
this book. We recognize that many individuals faced significant challenges 
due to the Covid-19 pandemic, and we appreciate their dedication and 
resilience in contributing to this book. Particularly, we extend our thanks to 
the National Natural Science Foundation of China (No. 52173011) for their 
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support, which made it possible to satisfactorily complete this book on 
schedule. 

 
Xin-Gui Li (李新贵) 

Mei-Rong Huang (黄美荣) 
Tongji University (同济大学) 

 
  



 

ABSTRACT 
 
 
 
Contamination from toxic heavy-metal ions poses a significant challenge 
globally. Adsorption has proven to be an efficient and energy-saving 
technology for removing heavy metals, especially at low concentrations. 
However, preparing ion-adsorbing materials that have comprehensive 
features including powerful adsorbability, environmental benignity, and 
high cost-efficiency remains a challenge. The adsorbing materials discussed 
in this book can meet these requirements. The adsorbents are based on 
polymers with multiple adsorbing groups, including amino, imino, sulfonic, 
and hydroxyl groups, and were synthesized using a cleaner oxidative 
polymerization process of aniline and its derivatives in pure water. The 
adsorbent performance has been systematically optimized with respect to 
the comonomer ratio, group densities, ion species, and adsorption 
conditions. The polymer particles obtained demonstrate selective 
adsorbability towards heavy-metal ions over most nutritious ions. The 
highest adsorption capacity achieved is 9250 mg/g for Au(III), 2500 mg/g 
for Ag(I), 4277 mg/g for Hg(II), and 4312 mg/g for Pb(II), while the fastest 
adsorption equilibrium can be reached within 3 minutes for Pb(II), 
achieving the highest Pb(II) adsorption rate of 8491.7 mg/(g.min) to the best 
of our knowledge till 2023. The sorption rate and partition coefficient of 
Hg(II) are 763.3 mg/(g.min) and 5040 mg/(g.μM), respectively. As a 
milestone in the historic development of advanced adsorbents based on 
organic polymers, this book comprehensively demonstrates new academic 
thought and concepts of molecular design, cleaner preparation, performance 
optimization, and vital application of macromolecular adsorbents. These 
materials have many amino, imino, sulfonic, and hydroxyl groups that can 
powerfully or reversibly adsorb heavy-metal ions over most nutritious metal 
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ions. This book is urgently required for researchers, developers, engineers, 
educationists, and managers in the field of environmental materials science 
and technology. 

Graphical Abstract 

 

  



 

CONTRIBUTORS 
 
 
 
Qiang Dou (窦强) obtained his B.S. and M.S. degrees in polymer materials 
from the College of Materials Science & Engineering, Tongji University 
under the supervision of Prof. Xin-Gui Li from 2001 to 2008. He received 
his Ph.D. in inorganic chemistry from the Shanghai Institute of Applied 
Physics, Chinese Academy of Sciences (SINAP, CAS) under the 
supervision of Prof. Guo-Zhong Wu in 2011. Since 2020, he has been a full 
professor of the Molten Salt Chemistry Division, SINAP, CAS. He authored 
ca. 60 academic papers in internationally renowned journals including ACS 
Appl. Mater. Interf., J. Phys. Chem. C, RSC Adv., J. Nuclear Mater. and 
holds ca. 30 Chinese patents. His current research interests focus mainly on 
molten salt radiochemistry, the Th-U fuel cycle, and pyrometallurgy. 

Hao Feng (封皓) obtained his B.S., M.S., and Ph.D. degrees in polymer 
materials from the College of Materials Science & Engineering, Tongji 
University under the supervision of Prof. Xin-Gui Li from 2001 to 2011. 
Now he works for energy giant Royal Dutch Shell Company for China’s 
unconventional gas and new energy exploration projects. 

Zikai He (何自开) has been an associate professor at the School of Science, 
Harbin Institute of Technology (Shenzhen) since 2016. He graduated from 
the University of Science and Technology of China in 2009 with a B.S. 
degree. In 2013, he obtained a Ph.D. degree from the Chinese University of 
Hong Kong under the supervision of Prof. Qian Miao. He joined the team 
of Academician Ben Zhong Tang of the Hong Kong University of Science 
and Technology to do postdoctoral research in 2013. He authored dozens of 
academic papers in international leading journals including Nature Rev. 
Mater., Adv. Mater., J. Am. Chem. Soc., Angew. Chem. Int. Ed., and JACS 



Contributors xviii 

Au. He committed to the exploration of excited states, the establishment of 
structure-activity relationships, and the novel application development of 
high-performance organic light-emitting materials.  

Mei-Rong Huang (黄美荣), born in 1963 in NanChang City, JiangXi 
Province, has been a full professor at the College of Materials Science & 
Engineering, Tongji University, Shanghai, China, since 2003, and at the 
College of Environmental Science & Engineering, Tongji University, since 
2014. She is a renowned scientist, inventor, and educator in the field of 
polymer materials and environmental materials chemistry. She earned her 
B.S. and M.S. degrees in chemical fiber & polymer materials from China 
Textile University (now Donghua University) in 1985 and 1988, 
respectively, under the supervision of Professor Dr. Bo-Rong Fang. She has 
served as a visiting professor/scholar at the University of Oxford, the 
University of California at Los Angeles, the Massachusetts Institute of 
Technology, and Kyoto University. Her contributions include authoring 160 
academic papers in prestigious international journals such as Chem. Rev., 
Prog. Mater. Sci., Chem. Mater., Chem. Eng. J., J. Cleaner Prod., Small, 
Chem. Sci., J. Mater. Chem., and ACS Appl. Mater. Interf., as well as a book 
entitled "Advanced Materials Engineering of Liquid Crystalline Polymers". 
She also holds 11 authorized US/European/Japanese and 72 Chinese patents. 
Her papers, books, and patents have been cited by leading scientists 
including Nobel Prize winner Professor Alan G. MacDiarmid in top-ranked 
universities such as Harvard, Stanford, MIT, CalTech, UC Berkeley, Oxford, 
and Cambridge, in journals including Chem. Rev., Nature Nanotechnol., 
Chem. Soc. Rev., Prog. Mater. Sci., Prog. Polym. Sci., Adv. Mater., JACS, 
Angew. Chem., Energy Environ. Sci., and Nature Commun. Professor Huang 
is currently an Academic Editor of Toxics (MDPI) and her research interests 
include conducting polymers, aromatic polymers, eco-friendly functional 
materials, graphene materials, and natto. She has been the recipient of the 
ISI Citation Classic Award in the USA, the Natural Science Prizes of 



Milestones in Powerful Adsorbents of Heavy-Metal Ions 
 

xix 

Shanghai Municipality and the Education Ministry of China for five 
consecutive times, and the Shanghai Municipal Award for Bringing-up 
Talent of China. 

Hiroshi Imahori (今堀 博) completed his doctorate in organic chemistry at 
Kyoto University. From 1990 to 1992, he was a postdoctoral fellow at the 
Salk Institute for Biological Studies, USA. In 1992, he became an Assistant 
Professor, ISIR, Osaka University, and then moved to the Graduate School 
of Engineering, Osaka University, as an Associate Professor. Since 2002, 
he has been a Professor of Chemistry at the Graduate School of Engineering, 
Kyoto University, Japan. He has received the JSPS Prize (2006), CSJ Award 
for Creative Work (2006), Osaka Science Prize (2007), NISTEP Researcher 
Award (2007), and the ECS Fellow (2016). His current interests involve 
artificial photosynthesis, organic solar cells, and organic functional 
materials. 

Yuan-Bo Jiang (蒋远波) received his bachelor’s and master’s degrees in 
polymer materials science from the College of Materials Science & 
Engineering, Tongji University under the supervision of Prof. Xin-Gui Li 
in 2003 and 2006, respectively. He is now working at British Petroleum 
(China) Industrial Lubricant Co., Ltd. 

Sheng-Xian Li (李圣贤) obtained his B.S., and M.S. degrees in polymer 
materials from the College of Materials Science & Engineering, Tongji 
University under the supervision of Prof. Mei-Rong Huang from 1997 to 
2003. From 2004 to 2021 he worked at the Research Institute of Samsung 
Semiconductor (China) for material development, and from 2021 to present 
he works at China Gusu Laboratory of Materials Science for semiconductor 
materials development.  

Shu Li (李舒) received her bachelor’s degree from East China University 
of Science & Technology in 2007 and her master’s degree in polymer 



Contributors xx 

materials science from Tongji University under the supervision of Prof. 
Mei-Rong Huang in 2010. 

Xin-Gui Li (李新贵) was born in FengCheng City, JiangXi Province in 

1963, and studied as an undergraduate student at Donghua University from 

1978 to 1982. He received his B.S./M.S./Ph.D. degrees in chemical fiber & 

polymer materials from China Textile University (currently: Donghua 

University) in 1982/1986/1989, respectively under the guidance of Prof. Dr. 

Tong Sun. He used to work as a technician at JiangXi Factory of Vinylon 

Fibers of China from July 1982 to August 1983. After completing his 

studies, he worked as an assistant professor in 1989, an associate professor 

in 1991, and a full professor from 1993 through 1997 at Tiangong 

University (Formerly Tianjin Institute of Textile Science and Technology), 

Tianjin, China. He has become a full professor at the College of Materials 

Science & Engineering, Tongji University, Shanghai, China from 1997 

through 2014. Since 1993 and 1997, he has enjoyed medical and health care 

benefits for senior cadres of Tianjin and Shanghai municipalities 

successively. He was elected Cheung-Kong (Chang-Jiang) Scholar of the 

Ministry of Education China in 1999, and then moved to the College of 

Environmental Science & Engineering, Tongji University, as a full 

professor since 2014. As a Chang-Jiang Scholar, scientist, inventor, and 

educator in the area of polymeric and environmental materials sciences at 

Tongji University, he has made significant contributions to the field. He has 

been a visiting professor/scholar at several prestigious institutions, 

including 1) the Institute of Technical Chemistry, Technische Universität 

Berlin, Germany, from 1999 through 2000, 2) the Department of Chemistry 

& Chemical Biology, Harvard University, USA, from 2004 through 2005, 

3) Department of Chemistry, the University of Oxford the UK in 2008 and 



Milestones in Powerful Adsorbents of Heavy-Metal Ions 
 

xxi 

2009, 4) Department of Materials Science and Cavendish Laboratory, the 

University of Cambridge UK in 2012 and 2013, respectively, 5) Department 

of Chemistry & Biochemistry, University of California Los Angeles USA 

in 2014, 6) Department of Chemistry, Massachusetts Institute of 

Technology USA in 2016, and 7) Department of Molecular Engineering, 

Kyoto University, Japan, from 2018 through 2019. He has published two 

technical books, one book chapter, and over 200 scientific articles in leading 

journals like Chem. Rev., Prog. Mater. Sci., Nano Lett., ACS Nano, Adv. 

Funct. Mater., Chem. Sci., Mater. Horiz., Chem. Eng. J., Chem. Mater., and 

Small. Xin-Gui Li's research has resulted in the authorization of nine US 

patents, one European patent, one Japanese patent, and 72 Chinese patents. 

His articles/books/patents have been widely cited in Chem. Rev., Nature 

Mater., Nature Nanotechnol., Prog. Mater. Sci., Chem. Soc. Rev., Prog. 

Polym. Sci., Adv. Mater., J. Am. Chem. Soc., Angew. Chem., Energy 

Environ. Sci., and Nature Commun. by scientists including Nobel Laureate 

Prof. Alan G. MacDiarmid from worldwide top 10 universities (Harvard, 

Stanford, MIT, CalTech, UC Berkeley, Oxford, and Cambridge). As an 

Academic Editor of Toxics (MDPI), he is actively engaged in researching 

conducting polymers, environmental functional materials, and graphene 

materials for advanced technological applications such as powerful 

adsorbents, ion sensors, fluorescent chemosensors, supercapacitors, and 

separation membranes. His research interests focus on molecular design, 

synthesis, preparation, and characterization of these materials. He has been 

awarded numerous prizes, including the ISI Citation Classic Award USA, 

the Natural Science Prizes of Shanghai China for four successive times, the 

Natural Science Prize of the Ministry of Education China, and the 

Scholarship from the Royal Society UK & China Scholarship Council under 

China-UK Science Networks. Additionally, he has received the Shanghai 



Contributors xxii 

Excellent Supervisor of Ph.D. Student, ACS Membership Award, and JSPS 

Invitational Fellowship for Research in Japan. These recognitions are a 

testament to his outstanding contributions to the field of environmental 

materials science. 

Zhen-Yu Li (李振宇) obtained his master’s degree in polymer materials 
science from the College of Materials Science & Engineering, Tongji 
University under the supervision of Prof. Xin-Gui Li in 2006. He got Project 
Management Professional certification in 2019 and now works for H.B. 
Fuller Investment Management (Shanghai) Co., Ltd. 

Rui Liu (刘睿) has been a full professor since 2015 of the College of 

Materials Science & Engineering, Tongji University, Shanghai, China. He 

obtained his B.S. and M.S. degrees in polymer materials from Tongji 

University under the supervision of Prof. Xin-Gui Li in 2002 and 2005. He 

earned his Ph. D. degree from the University of California, Riverside, USA 

in 2010. He did post-doctoral research at Oak Ridge National Laboratory, 

USA in 2011-2012 and at Princeton University, USA in 2012-2015. He 

authored ca. 100 academic papers in international leading journals including 

J. Am. Chem. Soc., Angew. Chem. Int. Ed., Small, J. Mater. Chem. A., and 

ACS Appl. Mater. Interf. and holds 2 Chinese patents. His research interests 

include polymer self-assembly, nanocomposites, and porous materials. He 

was selected as one of the National Young Thousand Professors of China.  

Hong-Jie Lu (鹿洪杰) obtained her B.S., and M.S. degrees in polymer 
materials from the College of Materials Science & Engineering, Tongji 
University under the supervision of Prof. Mei-Rong Huang from 2002 to 
2008. She won the Second Prize in The National Scientific and 
Technological Progress Award of China in 2017 and the First Prize in the 
Shanghai Scientific and Technological Progress Award of China in 2016. 



Milestones in Powerful Adsorbents of Heavy-Metal Ions 
 

xxiii 

She is currently an Engineering Director of Shanghai MicroPort 
Endovascular MedTech (Group) Co., Ltd. 

Qiu-Feng Lü (吕秋丰) is an associate professor at the College of Materials 
Science & Engineering at Fuzhou University, Fujian, China. She obtained 
her Ph.D. degree in polymer materials from Tongji University under the 
supervision of Prof. Xin-Gui Li in 2006. She authored dozens of academic 
papers in international leading journals including Journal of Cleaner 
Production, Small, Composites Science & Technology, Bioresource 
Technology, and ACS Applied Materials & Interfaces. Her research 
interests include the preparation and application of functional polymer, 
energy, and environmental materials. 

Xiao-Li Ma (马小立) joined as Assistant Professor of Materials Science 
and Engineering of the University of Wisconsin-Milwaukee USA in the 
College of Engineering & Applied Science after his postdoctoral work at 
the University of Minnesota USA in the Department of Chemical 
Engineering & Materials Science. He obtained his Ph.D. in Materials 
Science and Engineering at Arizona State University in 2015, and his B.S. 
and M.S. in College of Materials Science and Engineering, Tongji 
University, China under the supervision of Prof. Xin-Gui Li in 2006 and 
2009, respectively. His research focuses on the design and development of 
advanced materials for use in separation, purification, and sensor 
technologies. His group is mostly interested in polymers, porous materials 
(metal-organic frameworks, zeolites, carbons, mesoporous materials), 
nanocomposites, and their incorporation into functional devices. They 
currently aim to develop robust adsorbents and membranes with improved 
performances for water purification and gas separation and study the 
fundamental structure-property relationships in these systems. They also 
explore the novel materials and methodologies developed in his group for 
coating, thin films, and other challenging applications. He authored dozens 



Contributors xxiv 

of academic papers in international leading journals including Science, 
Journal of Membrane Science, and Langmuir. 

Tomoya Ohara (小原 朋也) was born in 1994 and studied chemistry at 
Kyoto University. He received his B.S. (2018) and M.S. (2020) degrees in 
chemistry from the Department of Molecular Engineering, Graduate School 
of Engineering, Kyoto University, Japan under the guidance of Prof. Hiroshi 
Imahori. Since 2020, he has worked at Nissan Motor Co., Ltd. 

Qian-Yun Peng (彭前云) obtained his bachelor’s degree in Inorganic Non-
metallic materials from the College of Materials Science & Engineering, 
Nanjing Tech University in 2001 and his master’s degree in polymer 
materials from the College of Materials Science & Engineering, Tongji 
University under the supervision of Prof. Mei-Rong Huang in 2005. Then 
he worked for Sika China in Shanghai, that is a multi-company 
manufacturer from Switzerland focusing on chemical building materials 
products. He served as technical support for the Sales & Marketing 
department. Several years later, he joined the Armacell Shanghai office, a 
multi-company from Germany, as a polymer foam manufacturer for thermal 
insulation and acoustics application, to develop the local market. 

Zhonghua Ren (任中华) received his Ph.D. degree in the College of 
Materials Science & Engineering from Harbin Institute of Technology in 
Shenzhen in 2018 under the supervision of Prof. Jie Yu. He invented two 
patents during his Ph.D. Currently, he is a Postdoctoral Research Assistant 
in the Department of Materials at the University of Oxford, UK. 

Wen-Di Song (宋文迪) obtained her B.S. degree in polymer materials from 
Tongji University under the supervision of Prof. Xin-Gui Li in 2002 to 2006 
and her Ph. D. degree from the Department of Macromolecular Science, 
Fudan University in 2011 under the supervision of Prof. Yu-Liang Yang, 
Academician of Chinese Academy of Sciences. Her research interests 



Milestones in Powerful Adsorbents of Heavy-Metal Ions 
 

xxv 

include self-consistent field theory, semiflexible polymer, polyacrylonitrile 
fiber, and carbon fiber. She now works in SINOPEC Shanghai 
Petrochemical Co. Ltd.  

Jin Sun (孙晋) has been President of the Guangxi Youth Federation since 
2022. He obtained his B.S. and M.S. degrees in the College of Materials 
Science and Engineering, Tongji University, China under the supervision of 
Prof. Xin-Gui Li in 2004 and 2007, respectively. 

Tao Tao (陶涛) obtained his B.S. and M.S. degrees in the College of 
Materials Science and Engineering, Tongji University, China under the 
supervision of Prof. Mei-Rong Huang in 2005 and 2008, respectively. He 
now works in Saic Volkswagen Automotive Co., Ltd in Shanghai, China. 

Tomokazu Umeyama (梅山 有和) was born in 1976 and studied chemistry 
at Kyoto University. He received his BS (1999), M.S. (2001), and Ph.D. 
(2004) in polymer chemistry under the guidance of Prof. Y. Chujo. He was 
also a fellow of the Japan Society for the Promotion of Science (JSPS) in 
2003–2004. Then he moved to the Department of Molecular Engineering in 
the same institute and has been an Assistant Professor (2004–2013) and an 
Associate Professor (2013–2022) in the group of Prof. Hiroshi Imahori. 
Since 2022, he has been a Professor of Chemistry at the Graduate School of 
Engineering, University of Hyogo, Japan. His current interests involve the 
development of photofunctional organic and nanostructured materials. 

Hai-Yan Wang (王海燕) obtained his B.S. and M.S. degrees in the College 
of Materials Science and Engineering, Tongji University, China under the 
supervision of Prof. Xin-Gui Li in 2004 and 2007, respectively. He now 
works at United Automotive Electronic Systems Co., Ltd. in Shanghai 
China. 



Contributors xxvi 

Su-Fen Xie (谢素芬) obtained her M.S. degree in the College of Materials 
Science and Engineering at Tongji University, China, under the supervision 
of Prof. Mei-Rong Huang in 2007. After graduation, she worked for SGS as 
a technician who mainly engaged in the component analysis of polymer 
materials by FTIR and DSC. Since 2014, she has worked as an analyst at 
Sino French Bureau Veritas, Shanghai, China. 

Jie Yu (于杰) born in 1966 has been a full professor at the College of 
Materials Science & Engineering, Harbin Institute of Technology in 
Shenzhen since 2004. He obtained his B.S. degree in Materials Science and 
Engineering at Central South University in 1988, and his M.S. and Ph. D. 
degrees in Material Science and Engineering from the Institute of Metal 
Research, Chinese Academy of Sciences in 1993 and 1997, respectively. He 
is engaged in the research of functional thin films, nanomaterials, and 
energy materials, and has achieved a few high-impact research results in the 
above fields. He holds 8 authorized Chinese invention patents and has 
published around 100 academic papers in well-known journals including 
Adv. Mater., Adv. Energy Mater., ACS Nano, and Nano Energy, and co-
edited a monograph (authored 27 pages, published by Springer). He was 
awarded the outstanding teacher at Harbin Institute of Technology, the first 
prize of the Beijing Science and Technology Award, and the second prize 
of the National Natural Science Award. 

Jie Yu (于杰) born in 1991, received his B.S. and M.S. degrees from the 
College of Materials Science & Engineering at Harbin Institute of 
Technology at Weihai in 2013 and Shenzhen in 2016, respectively. He 
received his Ph.D. degree in the College of Materials Science & 
Engineering, Harbin Institute of Technology at Shenzhen in 2022 under the 
supervision of Prof. Xin-Gui Li. He now works at Pingshan Findream 
Battery Co., Ltd. in Shenzhen, China. 



Milestones in Powerful Adsorbents of Heavy-Metal Ions 
 

xxvii 

Jie Zeng (曾杰) received his Ph.D. degree in the College of Materials 
Science & Engineering from the Harbin Institute of Technology in 
Shenzhen in 2018 under the supervision of Prof. Jie Yu. He now works in 
Zhuzhou CRRC Times Semiconductor Co. Ltd., Hunan, China. 

 





 

SECTION 1 

INTRODUCTION AND RESEARCH 

BACKGROUND 



 

CHAPTER 1 

STRONG ADSORBENTS FOR HEAVY-  

AND NOBLE-METAL IONS 

XIN-GUI LI (李新贵)1,2,3*,  

MEI-RONG HUANG (黄美荣)1,3*,  

HAI-YAN WANG (王海燕)3  

AND QIAN-YUN PENG (彭前云)3 

1
 STATE KEY LABORATORY OF POLLUTION CONTROL  

AND RESOURCE REUSE, COLLEGE OF ENVIRONMENTAL  

SCIENCE AND ENGINEERING, TONGJI UNIVERSITY,  

1239 SIPING ROAD, SHANGHAI 200092, CHINA 
2
 STATE KEY LABORATORY FOR MODIFICATION  

OF CHEMICAL FIBERS AND POLYMER MATERIALS,  

COLLEGE OF MATERIALS SCIENCE AND ENGINEERING,  

DONGHUA UNIVERSITY, SHANGHAI 201620, CHINA 
3
 INSTITUTE OF MATERIALS CHEMISTRY, KEY LABORATORY  

OF ADVANCED CIVIL ENGINEERING MATERIALS OF THE MINISTRY 

OF EDUCATION, COLLEGE OF MATERIALS SCIENCE AND 

ENGINEERING, TONGJI UNIVERSITY, SHANGHAI 200092, CHINA 
⁎CORRESPONDING AUTHORS AT: STATE KEY LABORATORY OF 

POLLUTION CONTROL AND RESOURCE REUSE, COLLEGE OF 

ENVIRONMENTAL SCIENCE AND ENGINEERING, TONGJI 

UNIVERSITY, 1239 SIPING ROAD, SHANGHAI 200092, CHINA.  

 

 

 

Abstract: The development in synthesis and modification of polymer 

sorbents possessing powerful adsorbability towards heavy and noble metal 


