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Dear guest, 

On behalf of the board of CBMM, I would like to thank you for participating in the 5th Edition 
of the International Conference on Niobium Based Batteries, held in hybrid mode on 
September 15th, in Nanning, China.

On this year’s conference, we’ve brought together guest speakers from all over the world 
to contribute to developing niobium technology in electrochemical energy storage related 
to lithium-ion batteries. In the first session, our guest speakers will approach the next 
generation of applications of niobium in doping and coating for active cathode materials. The 
second session will introduce the development of niobium’s role in active anode materials 
to evidence application for high-power technologies for industrial, commercial, and heavy-
duty applications. And this year, CBMM and CITIC Metal introduced the Excellent Paper 
Award, a recognition for researchers on niobium batteries in China. This initiative aims to 
recognize the excellence of the production of knowledge and scientific contribution from 
the Chinese researchers and academics of the future in this important area of advancement 
in niobium based batteries and to speed up the technical development in this field.

This event is happening thanks to the strong alliance between CITIC Metal and CBMM. It’s a 
long-term partnership, and our friends from CITIC Metal make us happy to be able to share 
this additional activity with them. We’re very proud to have such a relevant and important
partner in this event and new initiative. Furthermore, on behalf of Ricardo Lima, president of 
CBMM, and Dr. Aimin Guo, vice president of CITIC Metal in China, we would like to express 
our sincere appreciation to all the speakers, attendees, and organizers for being here and 
for sharing with us some more fresh and new information on the advanced battery materials 
using niobium.

Yours sincerely,

João Fernando 
Board Member, CBMM

ED
IT

IO
N



ED
IT

IO
N

ED
IT

IO
N

https://niobium.tech/cn    I    0706    I    http://www.metal.citic.com

The rapid development of electric vehicles and energy storage technologies has fast-tracked the urgent 
requirements for high-performance batteries. The 2022 International Conference on Niobium Based Batteries 
will present the significant advantages of niobium technology in lithium-ion batteries, including heavy-duty vehicle 
applications, which have attracted extensive attention from the global market and academia. This year’s conference 
specially invited experts from the United States, the UK, Brazil, Korea, Japan and China to exchange insights on the 
market development and application of advanced energy storage.

2022 International Conference on 
Nioibum Based Batteries Programme

Opening Session and Excellent Paper Award Ceremony

Session 01: Next Generation of Niobium Containing Cathode Materials 

Session 02: High-power Battery Technologies for Industrial,  
Commercial and Heavy-duty Applications

Session 03: Excellent Paper Award -
Recognition for Research on Niobium Based Batteries

VIP Introduction

Excellent Paper Award Ceremony

Dr. Zhongzhu Liu, CITIC Metal Co., Ltd

Opening Address

  

Role of Niobium in Nickel-rich Layered Oxide 
Cathodes for Lithium-ion Batteries 

Role of Niobium for High Power, Fast Charging and 
Long Life Li-ion Batteries

Development of Cobalt-free or Cobalt-less 
Li[NixCoyMnzNb1-x-y-z]O2

Winning Paper Presentation
Ultrafast and Stable� Li-(De)intercalation in� a Large 
Single Crystal �H-Nb2O5 Anode via� Optimizing the� 
Homogeneity of Electron� and Ion Transport

2nd Place Paper Presentation
Engineering the Conductive Network �of Metal  
Oxide-Based Sulfur Cathode� Toward Efficient� and 
Longevous� Lithium-Sulfur Batteries

Zihan Song,  
Hui Li, �
Wei Liu�,  
Hongzhang Zhang�,  
Jingwang Yan�,  
Yongfu Tang�, 
Jianyu Huang�,  
Huamin Zhang, 
Xianfeng Li

Current Status of Niobium Titanium Oxide (NTO) 
Cell Development for Commercialization

Prof. Stanley Whittingham, 
2019 Nobel Prize in Chemistry Laureate 
and 2022 Charles Hatchett Award Winner

Dr. Kent Griffith,  
CBMM Consultant

Prof. Yang-Kook Sun, 
Hanyang University

Dr. Yasuhiro Harada, 
Toshiba Corporation

09:00 - 09:25

13:30 - 13:55

10:45 - 11:10

16:00 - 16:20

16:20 - 16:40

14:45 - 15:10

Reducing the Surface Reactivity of 
High-nickel Cathodes with Niobium

The Role of Nb in Single Crystal Spinel-structure 
Lithium Manganese Oxides (LMO & LNMO)

Prof. Arumugam Manthiram, 
The University of Texas at Austin

Prof. Dr. Yongyao Xia,  
Fudan University

Defect and Wire Modulated Nb-Based Oxide Anodes 
for Durable and Fast-Charging Li-ion Batteries 

Prof. Dr. Chilin Li,  
Shanghai Institute of Ceramics,  
Chinese Academy of Sciences 

09:25 - 09:50

13:55 - 14:20

11:10 - 11:35

15:10 - 15:35

Closing Speech Mr. Jefferson Vieira,  
CBMM17:10 - 17:15

High Cycling Stability and Mechanism Analysis of 
High-nickel Ternary Cathode Materials Modified by Nb 

Niobium-doped Layered Cathode Material for High-
power and Low-temperature Sodium-ion Batteries 

3rd Place Paper Presentation
Rational Design and� Synthesis of� Nickel Niobium 
Oxide with High-Rate �Capability and Cycling� 
Stability in a Wide� Temperature Range

Prof. Dr. Xuejie Huang, 
Songshan Lake Materials Lab

Commercialization of Next-gen Batteries Based 
on Niobium Based Chemistries

Dr. Rahul Fotedar, 
Morrow Batteries

Prof. Dr. Yufeng Zhao, 
Shanghai University 

09:50 - 10:15

14:20 - 14:45

10:15 - 10:25

12:00 - 12:10

10:25 - 10:45

11:35 - 12:00

16:40 - 17:00

Q&A Session

Q&A Session

Group Photo and Tea Break

15:35 - 15:50

17:00 - 17:10

15:50 - 16:00

Q&A Session

Q&A Session

Tea Break

08:30 - 08:35

08:50 - 09:00

08:35 - 08:50

Jiayi Wang�,
Gaoran Li�,
Dan Luo�,
Yonggang Zhang�,
Yan Zhao�,
Guofu Zhou,
�Lingling Shui�,
Xin Wang�,
Zhongwei Chen

Changpeng Lv� 
Chunfu Lin� 
S. Zhao

High Power Energy Storage Applications and 
Requirements

Dr. Sebastian Pohlmann, 
Skeleton Technologies

• Prof.  Dr. João Fernando,  
CBMM Board Member
• Mr. Debing Duan, Vice President of China 
Nonferrous Metals Industry Association
• Mr Yanlong Liu, Generay Secretary 
of China Industrial Association of
Power Sources
• Dr. Aimin Guo, VP CITIC Metal Co., Ltd 
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铌在锂离子电池富镍层状氧化物正极中的作用 

Role of Niobium in Nickel-rich Layered Oxide Cathodes 
for Lithium-ion Batteries
M. STANLEY WHITTINGHAM教授 - 纽约州立大学, 2019年诺贝尔化学奖得主和2022查尔斯·哈切特获奖者 

Prof. Stanley Whittingham - State University of New York, 2019 Nobel Prize in Chemistry

Laureate and 2022 Charles Hatchett Award Winner 

利用铌降低高镍正极材料的表面反应 

Reducing Surface Reactivity of High-nickel Cathodes with Niobium
ARUMUGAM MANTHIRAM 教授 - 奥斯汀德克萨斯大学科克雷尔家族董事会工程系主席

Prof. Arumugam Manthiram - The University of Texas at Austin

铌改性高镍三元正极材料的高循环稳定性及其机理分析

High Cycling Stability and Mechanism Analysis of High-nickel 
Ternary Cathode Materials Modified by Nb
黄学杰 研究员 - 中国科学院物理研究所

Prof. Dr. Xuejie Huang - Songshan Lake Materials Lab

高能量铌掺杂高镍NCA和NCM正极材料 

High-Energy Nb-doped Ni-rich NCA, NCM Cathodes Materials
YANG-KOOK SUN 教授 - 韩国首尔汉阳大学材料化学和化学工程领先科学家

Prof. Yang-Kook Sun - Hanyang University

铌在单晶锰酸锂和镍锰酸锂中的作用

The Roles of Nb in Single Crystal Spinel-structure Lithium 
Manganese Oxides (LMO & LNMO)
夏永姚 教授 - 复旦大学 
Prof. Dr. Yongyao Xia - Fudan University

大功率低温钠离子电池用铌掺杂层状正极材料 

Niobium-doped Layered Cathode Material for High-power and 
Low-temperature Sodium-ion Batteries
赵玉峰 教授 - 上海大学理学院/可持续能源研究院教授

Prof. Dr. Yufeng Zhao - Shanghai University

https://niobium.tech/cn    I    09

铌在大功率、快充和长寿命锂离子电池中的作用 

Role of Niobium for High Power, Fast Charging and Long Life 
Li-ion Batteries
KENT GRIFFITH博士 - 巴西矿冶公司 技术顾问

Dr. Kent Griffith - CBMM Consultant

用于长循环快充型锂离子电池的缺陷和配线调制铌基氧化物负极

Defect and Wire Modulated Nb-Based Oxide Anodes 
for Durable and Fast-Charging Li-ion Batteries
李驰麟 研究员 - 中国科学院上海硅酸盐研究所 

Prof. Dr. Chilin Li - Shanghai Institute of Ceramics - Chinese Academy of Sciences

高功率储能材料的应用和要求

High Power Energy Storage: Requirements and Applications
DR SEBASTIAN POHLMANN 博士 - SKELETON TECHNOLOGIES汽车和业务开发副总裁

Dr. Sebastian Pohlmann - Skeleton Technologies

NbTiO电池的开发和商业化应用进展

Current Status of Niobium Titanium Oxide (NTO) 
Cell Development for Commercialization 
YASUHIRO HARADA 博士 - 东芝公司研发中心高级研究员 
Dr. Yasuhiro Harada - Toshiba Corporation

基于铌基化合物的下一代电池的商业化 
Commercialization of Next-gen Batteries Based on Niobium  
Based Chemistries
RAHUL FOTEDAR 博士 - 挪威MORROW BATTERIES公司

Dr. Rahul Fotedar - Morrow Batteries AS

铌在电池中研究优秀论文奖 
Excellent Paper Award Recognition for Research on Niobium 
Based Batteries 

08    I    http://www.metal.citic.com

Summary

Next Generation of Niobium 
Containing Cathode Materials

High-power Battery Technologies for Industrial, 
Commercial and Heavy-duty Applications
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Prof. Stanley Whittingham
FRS Chemistry Department - Binghamton 
University

M. Stanley Whittingham is a SUNY distinguished Professor of Chemistry and Materials Science 
and Engineering at Binghamton, and the 2019 Chemistry Nobel Laureate. He received his BA 
and D Phil degrees in chemistry from Oxford University, where he is an honorary Fellow of New 
College. He has been active in Li-batteries since 1971, when he won the Young Author Award 
of the Electrochemical Society for his work on beta-alumina. In 1972, he joined Exxon and 
discovered the role of intercalation in battery reactions, which resulted in the first commercial 
lithium rechargeable batteries that were built by Exxon Enterprises. In 1988, he returned to 
academia at SUNY Binghamton to initiate a program in materials chemistry. In 2018, he was 
elected a member of the National Academy of Engineering and received the Turnbull Award 
from MRS. He is a Fellow of the Royal Society, of MRS, ECS, ISE and ICDD.  

M. STANLEY WHITTINGHAM 是纽约州立大学宾汉姆顿分校化学和材料科学与工程杰出
教授，2019年诺贝尔化学奖获得者。他在牛津大学获得化学学士和博士学位，是牛津
新学院的荣誉研究员。自1971年以来，他一直活跃于锂电池领域，当时他因在β-氧化
铝方面的工作获得了电化学学会的青年作家奖。1972年，他加入了Exxon公司，发现了
插层在电池反应中的作用，这产生了Exxon公司制造的第一批商用锂可充电电池。1988
年，他回到了纽约州立大学宾厄姆顿分校的学术界，开始了材料化学项目。2018年，
他被选为国家工程院院士，并获得了TURNBULL奖。他是皇家学会、MRS、ECS、ISE和
ICDD的研究员。  

Role of Niobium in Nickel-Rich Layered Oxide 
Cathodes for Lithium-Ion Batteries

M. Stanley Whittingham
Binghamton University,  
Binghamton, NY 13902-6000, USA

Abstract

There is an exponentially increasing demand for lithium batteries to enable the electric economy 

and to combat climate change. At the same time, end-users are demanding higher energy densities 

and longer lifetimes. This is leading to the use of ever higher nickel layered oxide cathodes, LiNi1-

y-zMnyCozO2. This change is also being driven by the cost of cobalt and its political challenges. 

However, as the nickel content increases, so does its reactivity with the electrolyte. This limits its 

lifetime, so approaches have to be found to reduce this reactivity, which may be associated with 

loss of oxygen and perhaps some dissolution of the transition metals.

Two approaches are being used to minimize reactivity. First, reduce the surface area of the 

cathode material by switching from the present meatball morphology to small single crystals, 

around 3 m. This switch also eliminated the interparticle cracking observed on deep cycling of 

the meatballs. Second, modify the material by either coatings or substitution in the bulk. Such 

modification might also reduce the 1st cycle loss, that can amount to as much as 15% of the 

theoretical capacity. Aluminum has been used to stabilize the lattice, such as in NCA.

Our results on using small amounts of niobium to both reduce the 1st cycle loss and to close to 

eliminating capacity loss on extended cycling will be presented. We used two different approaches 

to niobium treat the NMC; treatment of commercial meatballs and addition of niobium with the 

lithium to the hydroxide precursors. The results are strongly dependent on the conditions used.

This work was supported by the US Department of Energy through the Battery500 consortium.
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1. Fengxia Xin, Hui Zhou, Xiaobo Chen, Mateusz Zuba, Natasha Chernova, Guangwen Zhou, 

and M. Stanley Whittingham, “Li−Nb−O Coating/Substitution Enhances the Electrochemical 

Performance of the LiNi0.8Mn0.1Co0.1O2 (NMC 811) Cathode”, ACS Applied Mater & 

Interfaces, 2019, 11: 34889-34894. DOI: 10.1021/acsami.9b09696. 

2. Fengxia Xin, Hui Zhou, Yanxu Zong, Mateusz Zuba, Yan Chen, Natasha A. Chernova, 

Jianming Bai, Ben Pei, Anshika Goel, Jatinkumar Rana, Feng Wang, Ke An, Louis F. J. Piper, 

Guangwen Zhou, and M. Stanley Whittingham, “What is the Role of Nb in Nickel-Rich Layered 

Oxide Cathodes for Lithium-Ion Batteries?”, ACS Energy Letters, 2021, 6: 1377-1382. DOI: 

10.1021/acsenergylett.1c00190.

3. Fengxia Xin, Anshika Goel, Xiaobo Chen, Hui Zhou, Jianming Bai, Sizhan Liu, Feng Wang, 

Guangwen Zhou, and M. Stanley Whittingham, “Electrochemical Characterization and 

Microstructure Evolution of Ni-Rich Layered Cathode Materials by Niobium Coating/

Substitution”, Chemistry of Materials, 2022. DOI: 10.1021/acs.chemmater.2c01461.

Published work
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Prof. Arumugam Manthiram
The University of Texas at Austin 

Arumugam Manthiram is currently the Cockrell Family Regents Chair in Engineering and 
Director of the Texas Materials Institute at the University of Texas at Austin. He has authored         
810 journal articles, with 69,000 citations and an H-index of 130. He has provided research 
training to 260 students and postdoctoral fellows, including the graduation of 62 Ph.D.                
students and 26 M.S. students. He delivered the 2019 Chemistry Nobel Prize Lecture on behalf 
of Professor John Goodenough in Stockholm. 

ARUMUGAM MANTHIRAM 目前是奥斯汀德克萨斯大学科克雷尔家族董事会工程系主席和德
克萨斯材料研究所所长。他撰写了810篇期刊文章，引用次数为6万9千次，h指数为130
。他为260名学生和博士后研究员提供了研究培训，包括62名博士生和26名硕士生的毕
业。他代表 JOHN GOODENOUGH 教授在斯德哥尔摩发表了2019年诺贝尔化学奖演讲。
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Prof. Dr. Xuejie Huang
Songshan Lake Materials Lab

Dr. Xuejie Huang, a Professor at the Institute of Physics, Chinese Academy of Sciences 
(IOP/CAS), Deputy Director of Songshan Lake Laboratory for Materials, Director of 
Research/Development/Service Platform of Manufacturing Arts and Machining Technology,  
Guangzhou-CAS Institute of Industry, and Vice President of China Battery Industrial  
Association. Since 1996, he chairs the group of Solid-State Ionics at IOP/CAS and works on 
secondary lithium batteries and related materials. He has published over 200 peer-reviewed 
journal papers,  and has more than 30 patents granted. He has developed technologies for 
materials, batteries and machines for the Li-ion battery industry in China. He prospected 
several companies to develop and produce large size Li-ion batteries for electrical vehicle and  
energy storage applications.

黄学杰博士，现任中国科学院物理所研究员，博士生导师，兼任松山湖材料实验室副
主任，广州中科院工业技术研究院锂离子动力电池工艺技术装备基础服务平台主任、
中国电池工业协会副理事长。从1996起主持中科院物理所锂离子电池及其关键材料的
研究、开发和产业化工作。主要从事于锂二次电池及其相关材料、工艺和装备技术的
研究，推动锂离子动力和储能电池的产业发展。
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Prof. Yang-Kook Sun
FRS Chemistry Department  - Hanyang 
University

Professor Yang-Kook Sun of Hanyang University, Seoul, South Korea, is a leading materials 
chemistry and chemical engineering scientist. He succeeded in design, synthesis and  
structural analysis of advanced energy storage and conversion materials for application in 
electrochemical devices, lithium-ion, lithium-sulfur, lithium-air, and sodium-ion batteries.  
Among the relevant achievements, the concentration-gradient lithium-nickel-cobalt-
manganese oxide cathode designed by himself has been licensed by battery companies, 
undergone production for use in EV batteries and recently received continuous industrial 
attention. 

韩国首尔汉阳大学的 YANG-KOOK SUN 教授是材料化学和化学工程领先科学家。他成功
地设计、合成和用于电化学装置结构分析、锂离子电池、锂硫电池、锂空气电池和钠
离子电池的先进储能和转换材料。在相关成就中，他设计的浓度梯度锂镍钴锰氧化物
正极已获得电池公司的许可，并用于电动汽车电池的生产，最近受到了持续的工业关
注。

High-Energy Nb-doped Ni-rich NCA,  
NCM Cathodes Materials

Yang-Kook Sun
Department of Energy Engineering, Hanyang University

Abstract

Lithium-ion batteries (LIBs) have become the main power sources for electric vehicles (EVs) because of 

their high energy density and long service life. However, currently available state-of-the-art LIBs are still 

inadequate for EVs that will appeal to a wider consumer base, mainly because of the short drive range per 

charge. Hence, improvements in the energy density and cycling stability of LIBs, as well as cost reduction, 

are prerequisites for envisioned general electromobility. The overall performance and cost of LIBs are 

largely determined by the cathode material because of its relatively low capacity and poor cycling stability 

compared to those of graphite. Hence, recent research on LIBs has concentrated mainly on identifying 

and optimizing high-capacity cathodes; the primary candidate materials are Ni-rich layered LiMO2 (M = 

Ni, Co, Mn, called NCM or Al called NCA). To increase the capacity of current NCM and NCA cathodes, the 

fraction of Ni in the cathodes has been progressively increased. However, this approach is limited by the 

deterioration of capacity retention and thermal stability resulting from excessive Ni enrichment due to the 

anisotropic volume change caused by the phase transition (H2-H3) at approximately 4.2 V. This volume 

variation generates internal microcracks that propagate to the particle surface, facilitating electrolyte 

penetration along the grain boundary into the particle interior. This accelerates the surface degradation 

of internal primary particles by reacting the exposed, reactive, and unstable Ni4+ with a deleterious 

electrolyte to form a NiO-like impurity layer.

In this presentation, to overcome the tradeoff relationship between reversible capacity and cycling stability, 

one approach is introduced. The concept of radially aligned primary particles with crystallographic texture 

was successfully confirmed by Nb-doped Ni-rich layered cathodes. Nb plays a vital role in producing highly 

oriented and elongated primary particles, which can effectively dissipate the internal strain resulting from 

H2-H3 phase transitions, realizing a significant improvement in cycling stability. As such, 1-Nb-doped NCA85 

cathode demonstrated 90% of its initial capacity after 1000 cycles while an undoped cathode retains 57.3%.
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Prof. Dr. Yongyao Xia
Fudan University

Dr. Yongyao Xia, Distinguished Professor of Fudan University. Fellow of International  
Electrochemical Society (ISE), editor of J. Power Sources magazine, Director of China 
Electrochemical Society. 
He graduated from the Department of Chemistry of Zhejiang Normal University in 1987 and 
received a Master of Science degree in electrochemistry from the Department of Chemistry 
of Jilin University in 1990. He worked at Changchun Institute of Applied Chemistry from 1990  
to 1994. He received a doctorate engineering degree in energy and material Science from 
Saga University, Japan, in 1997. In 1998, he went to the Department of Chemical Engineering, 
South Carolina, USA, as a postdoctoral researcher. From 1999 to 2001, he was a postdoctoral 
researcher at the Osaka Institute of Industrial Technology. From 2001 to 2002, he worked in the 
Battery Development Center of Hitachi Maxell. He returned to work in the Chemistry Department 
of Fudan University in 2003. Since 1990, he has been researching new energy storage materials 
and technologies, including lithium (sodium) ion batteries, electrochemical capacitors, and new 
battery systems. He has published 399 SCI papers, has more than 30,000 citations, H-index 91, 
and was selected as the highly cited author of Clarivate Analytics from 2017 to 2021, and has 
more than 30 authorized patents. 

夏永姚，工学博士，博士生导师，复旦大学特聘教授。国际电化学会（ISE）
FELLOW，J. POWER SOURCES 杂志编辑，中国电化学会主任。
1987年毕业于浙江师范大学化学系，1990年获吉林大学化学系电化学专业理学硕士学
位，1990-1994在长春应用化学研究所工作，1997年获日本佐贺大学能源-材料科学专
业工学博士学位，同年留校任日本文部省教官讲师。1998年赴美国南卡罗来纳州化学
工程系做博士后研究员。1999-2001年在大阪工业技术研究所做博士后研究员。2001-
2002年进入日立Maxell公司电池开发中心工作。2003年回复旦大学化学系工作。从
1990起一直从事新型储能材料和技术的研究，包括锂（钠）离子电池、电化学电容器
和新型电池体系等。共发表SCI论文399篇，他引30000余次， H-INDEX 91，入选2017-
2021年CLARIVATE ANALYTICS 高引作者，授权专利30余项。
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Prof. Dr. Yufeng Zhao
Shanghai University

Dr. Yufeng ZHAO, Professor, and Doctoral Supervisor of School of Science/Institute of 
Sustainable Energy of Shanghai University, Vice President of Institute of Sustainable Energy,  
and member of the Royal Society of Chemistry (FRSC). From 1996 to 2003, she studied at  
Tianjin University and obtained a bachelor’s degree and a master’s degree, respectively. In 
2006, she received a doctor’s degree from Nanyang Technological University in Singapore. 
Subsequently, she engaged in scientific research at Deakin University in Australia and Marburg 
University in Germany. She returned to Yanshan University in 2010 and joined Shanghai 
University in 2019. Her research fields cover new energy materials and devices, including 
sodium-ion batteries, preparation and application of hydrogen energy, metal-air batteries, 
etc. She has published more than 150 papers included in SCI in international journals such as  
Nature Comm, ADV Mater, Angel Chem, Energy Environment SCI, ADV Function Mater, etc., 
has been cited more than 8000 times, and applied for more than 30 national invention patents. 

赵玉峰，上海大学理学院/可持续能源研究院教授、博士生导师，可持续能源研究院副
院长，英国皇家化学会会士(FRSC)。1996-2003年在天津大学学习分别获得学士/硕士
学位，2006年获新加坡南洋理工大学博士学位。随后分别在澳大利亚迪肯大学、德国
马尔堡大学从事科研工作。2010年回到燕山大学工作，2019年正式入职上海大学。
研究领域：新能源材料与器件，包括钠离子电池、氢能的制备及应用、金属空气电池
等。迄今为止在Nature COMM、ADV MATER、ANGEW CHEM、ENERGY ENVIRON SCI、ADV 
FUNCT MATER等国际期刊发表SCI收录论文150余篇，他引8000余次，申请国家发明专利
30余项。

Niobium-doped Layered Cathode Material 
for High-power and Low-temperature Sodium-ion 
Batteries

Yufeng Zhao
Institute for Sustainable Energy, College of Sciences, 
Shanghai University, Shanghai 200444, P. R. China

Abstract

Application of sodium ion batteries in grid-scale energy storage demands electrode materials 

that facilitate fast and stable charge storage from room-temperature to sub-zero temperature 

range. The key issues that hinder P2-type layered oxides from achieving such goals are their 

unsatisfied charge transfer kinetics and unavoidable surface fading. Herein, we report a              

P2-type Na0.78Ni0.31Mn0.67Nb0.02O2, whereby the trace Nb substitution simultaneously 

reduces the electronic band gap and ionic diffusion energy barrier, thus enables fast electron 

and Na+ mobility (~10-9 cm s-1 at -40° C). While the Nb induced atomic-scale surface pre-

construction efficiently prevents the electrolyte penetration and surface metal dissolution. The 

material demonstrates a record high rate capability (50º C), unprecedented low temperature 

performance and ultrahigh cycling stability (98% capacity retention at -40 °C with 76% capacity 

remaining after 1800 cycles). Different from literatures, this work shows that complete solid-

solution is not always critical for high rate performance.
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Dr. Kent Griffith
Consultant - CBMM

Dr. Kent Griffith is a Technical Consultant for CBMM and an expert in battery materials with 
experience translating advanced materials to commercial applications. He received his PhD 
from the University of Cambridge for working with Professor Clare Grey on the discovery and 
development of new fast-charging and high-power electrodes for electrochemical energy  
storage.
Kent has more than 50 peer-reviewed scientific publications, patents, and book chapters on 
lithium-ion batteries and future-generation energy technologies. He has also written dozens of 
articles for industry-leading battery magazines. His work has been recognized with a number of 
national (US and UK) and international awards including the Churchill Scholarship - awarded to 
the top 14 science, math, and engineering university graduates from across the US each year;  
the Sheelagh Campbell Electrochemistry Award from the Royal Society of Chemistry; the 
Charles Hatchett Award from the Institute of Materials, Minerals, and Mining (IOM3); the STFC 
Futures Early Career Award from the UK Science and Technology Facilities Council; and the 
Barry M. Goldwater Scholarship established by the United States Congress to recognize merit in 
the natural sciences, engineering and mathematics.

KENT GRIFFITH博士是CBMM的技术顾问和电池材料专家。Kent具有将先进材料转化为商
业应用的经验。他获得了剑桥大学的博士学位，并和 CLARE GREY 教授合作在新型快速
充电大功率电化学储能电极发现与开发。
Kent 拥有50多份同行评议的科学出版物、专利和关于锂离子电池和未来一代能源技术
的书籍章节。他还为业界领先的电池杂志撰写了数十篇文章。他的工作获得了多个国
家（美国和英国）和国际奖项的认可，包括丘吉尔奖学金（CHURCHILL SCHOLARSHIP）
，该奖学金每年颁发给全美最优秀的14名科学、数学和工程大学毕业生；皇家化学学
会SHEELAH CAMPBELL电化学奖；材料、矿产和采矿研究所（IOM3）颁发的 CHARLES 
HATCHETT 奖；英国科技设施委员会颁发的STFC  FUTURES EARLY CAREER 奖；以及美国
国会设立的 BARRY M. GOLDWATER 奖学金，以表彰自然科学、工程和数学方面的杰出成就 。
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Prof. Dr. Chilin Li
Shanghai Institute of Ceramics,  Chinese 
Academy of Sciences

Dr. Chilin Li, researcher of Shanghai Institute of Silicate, Chinese Academy of Sciences and 
project leader. He was selected as Shanghai’s excellent academic leader, Shanghai high-level 
talent plan, and Chinese Academy of Sciences outstanding talent plan and made a series of 
achievements in fluorine-based batteries, solid-state batteries, lithium/magnesium metal 
batteries, and fast charging batteries field. He has published more than 110 journal papers in 
SCI Adv., Nat. Commun., J. Am. Chem. Soc., Angew. Chem., Adv. Mater and Energy Environ. Sci. 
Prof. Chilin Li also authorized and applied for more than 20 PCT international invention patents 
and Chinese invention patents. 

李驰麟，中国科学院上海硅酸盐研究所研究员，博士生导师，课题组长，入选上海市
优秀学术带头人、上海市高层次人才计划、中科院杰出人才计划，在氟基电池、固
态电池、锂/镁金属电池、快充电池等方面作出系列原创成果。在SCI. ADV.、NAT. 
COMMUN.、J. AM. CHEM. SOC.、ANGEW.CHEM.、ADV. MATER.、ENERGY ENVIRON. SCI.等
发表期刊论文110余篇。授权和申请PCT国际发明专利和中国发明专利20余项。
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Dr. Sebastian Pohlmann 
VP Automotive and Business Development - 
Skeleton Technologies

Dr. Sebastian Pohlmann is Vice President Automotive & Business Development at Skeleton 
Technologies, where he leads automotive commercial activities and brings next generation 
ultracapacitors into future applications. During his 5 years at Skeleton, he also led the 
development team for 2 years, bringing Skeleton’s “Curved Graphene” technology closer to 
application. Dr. Pohlmann obtained his PhD in Physical Chemistry in 2014 at the University of 
Münster and has authored and co-authored over 12 publications and patents.

SEBASTIAN POHLMANN博士是SKELETON TECHNOLOGIES汽车和业务开发副总裁，他领导汽
车商业活动，并将下一代超级电容器引入未来应用。在SKELETON工作的5年中，他还领
导了2年的开发团队，使SKELETON的“弯曲石墨烯”技术更接近应用。POHLMANN博士于
2014年在明斯特大学获得物理化学博士学位，并撰写和合作撰写了超过12份出版物和
专利。
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Dr. Yasuhiro Harada
Senior Fellow - Nano Materials & Frontier 
Research Laboratories Corporate Research & 
Development Center, Toshiba Corporation, 
Japan

Yasuhiro Harada is currently a Senior Fellow at Toshiba corporate R&D center. He received 
his Ph.D. in inorganic chemistry from Tokyo University of Science in 2001. He joined Toshiba 
in 2002. He has been working on new battery materials for 19 years. He was awarded the 
Commendation for Science and Technology by Japan Minister of Education, Culture, Sports, 
Science and Technology, 2020. His current work is focused on the development of new battery 
technologies. 

YASUHIRO HARADA目前是东芝公司研发中心的高级研究员。他2001毕业于东京理科大学
无机化学专业获得博士学位，并于2002年加入东芝。他从事新电池材料的研究已有19
年。他于2020年被日本文部科学省授予科学技术奖。他目前的工作重点是开发新的电
池技术。
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Dr. Rahul Fotedar  
Morrow Batteries AS

Dr. Rahul Fotedar is the Chief Technology Officer and one of the co-founders of Morrow 
Batteries AS. Rahul holds a Masters degree in Chemistry from TU München and a PhD degree 
specializing on battery materials from ETH Zürich. He has previously worked as staff scientist 
in Institute of Energy Technology near Oslo where he pioneered their research activities in the 
field of secondary batteries. In 2013, he co-founded Graphene Batteries AS, a startup focused 
on developing technologies primarily for heavy metal free batteries. Prior to joining Morrow 
he was working for many years as an expert in advanced cell technology in Hilti Corporation 
leading activities on developing and industrializing differentiated cell technologies.

RAHUL FOTEDAR博士是MORROW BATTERIES AS的首席技术官和联合创始人之一。RAHUL
拥有图明钦大学化学硕士学位和苏黎世大学电池材料专业博士学位。他曾在奥斯陆的
能源技术研究所担任职员科学家，在那里他开创了他们在二次电池领域的研究。2013
年，他共同创立了石墨烯电池公司，这是一家专注于开发主要用于无重金属电池的技
术的初创公司。在加入MORROW之前，他在HILTI CORPORATION担任高级细胞技术专家多
年，领导分化细胞技术的开发和产业化活动。

Commercialization of Next-gen Batteries Based on 
Niobium Based Chemistries 

Dr. Rahul Fotedar
Morrow Batteries AS

Abstract

Morrow Batteries, through close collaboration with industrial partners, including Echion 

Technologies, Haldor Topsoe, Arkema and others, has developed a cell design utilizing a niobium-

based anode material with an ultralong cycle life (projected to reach well over 10 000 cycles in 

the final cell). Coupled with a high voltage LNMO cathode, this cell not only offers superior cycle 

life and highly competitive energy density, but also excellent safety and sustainability. Morrow has 

previously demonstrated these features in lab-produced cells, whereas the focus has now shifted 

to upscaling – making larger cells using industrial equipment. The final product has the potential 

to  revolutionize existing applications and open completely new application areas.



ED
IT

IO
N

ED
IT

IO
N

ED
IT

IO
N

Notes Notes

https://niobium.tech/cn    I    151150    I    http://www.metal.citic.com



ED
IT

IO
N

ED
IT

IO
N

https://niobium.tech/cn    I    153152    I    http://www.metal.citic.com

Winning Paper Presentation

Ultrafast and Stable Li-(De)intercalation in a Large  
Single Crystal H-Nb2O5 Anode via Optimizing 
the Homogeneity of Electron and Ion Transport

Advanced Materials, 2020, 32 (22): e2001001. DOI: 10.1002/
adma.202001001

Zihan Song
Hui Li
Wei Liu
Hongzhang Zhang
Jingwang Yan
Yongfu Tang
Jianyu Huang
Huamin Zhang
Xianfeng Li

Excellent Paper Award
Recognition for Research 

on Niobium Based Batteries
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2nd Place Paper Presentation

Engineering the Conductive Network of Metal 
Oxide-Based Sulfur Cathode towards Efficient and 
Longevous Lithium-Sulfur Batteries

Advanced Energy Materials, 2020, 10(41): e2002076.  
DOI:10.1002/aenm.202002076

Jiayi Wang
Gaoran Li
Dan Luo
Yongguang Zhang
Yan Zhao
Guofu Zhou
Lingling Shui
Xin Wang
Zhongwei Chen

Excellent Paper Award
Recognition for Research 

on Niobium Based Batteries
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3rd Place Paper Presentation

Design and Synthesis of Nickel Niobium 
Oxide with High-Rate Capability and Cycling Stability 
in a Wide Temperature Range

Advanced Energy Materials, 2022,12(3): e2102550. 
https://doi.org/10.1002/aenm.202102550

Changpeng Lv
Chunfu Lin
X. S. Zhao

Excellent Paper Award
Recognition for Research 

on Niobium Based Batteries
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