
Gisele Azimi - Takanari Ouchi - Kerstin Forsberg -

Hojong Kim - Shafiq Alam -

Alafara Abdullahi Baba - Neale R. Neelameggham
Editors

Rare Metal Technology 2021

TMS @_ Springer



Contents

PartI Li, Co, and Ni

Application of Eutectic Freeze Crystallization in the Recycling
of Li-Ton Batteries ............ ... i 3

Yigian Ma, Michael Svird, James Gardner, Richard T. Olsson,
and Kerstin Forsberg

Recovery of Valuable Metals from End-of-Life Lithium-Ion
Battery Using Electrodialysis .. ... ... ... ... 11
Ka Ho Chan, Monu Malik, and Gisele Azimi

Lithium Adsorption Mechanism for Li;TiO3 ......................... 19

Rajashekhar Marthi and York R. Smith

Study on the Production of Lithium by Aluminothermic Reduction
 ... o o oo s o s s 50 s £ el e B0 3 BT el 8, 29

Huimin Lu and Neale R. Neelameggham

Effect of Synthesis Method on the Electrochemical Performance

of LiNiyMnCo1.x.;O2 (NMC) Cathode for Li-lon Batteries:
A ReVIeW ... 37

Monu Malik, Ka Ho Chan, and Gisele Azimi

Recovery of Cobalt as Cobalt Sulfate from Discarded Lithium-Ion
Batteries (LIBs) of Mobile Phones ................................... 47

Pankaj Kumar Choubey, Archana Kumari, Manis Kumar Jha,
and Devendra Deo Pathak

Part Il Li, Co, Au, Ag, PGMs, Te, Na, W, and In

Environmental Aspects of the Electrochemical Recovery
of Tellurium by Electrochemical Deposition-Redox Replacement
 . 57

P. Halli, M. Rinne, B. P. Wilson, K. Yliniemi, and M. Lundstrom

vii



viii Contents

Sodium Metal from Sulfate ....................................
Jed Checketts and Neale R. Neelameggham

Preparation of High Grade Ammonium Metatungstate (AMT)
as Precursor for Industrial Tungsten Catalyst ........................

Alafara A. Baba, Sadisu Girigisu, Mustapha A. Raji,
Abdullah S. Ibrahim, Kuranga I. Ayinla, Christianah O. Adeyemi,
Aishat Y. Abdulkareem, Mohammed J. Abdul, and Abdul G. F. Alabi

Industrial-Scale Indium Recovery from Various e-Waste Resources
Through Simulation and Integration of Developed Processes ..........
Basudev Swain, Jae Ryang Park, Kyung Soo Park, Chan-Gi Lee,
Hyun Seon Hong, and Jae-chun Lee

Recovery of Lithium (LLi) Salts from Industrial Effluent
of Recycling Plant . ... . .. .. . . . ... .

Archana Kumari, Pankaj Kumar Choubey, Rajesh Gupta,
and Manis Kumar Jha

Extraction of Platinum Group Metals from Spent Catalyst
Material by a Novel Pyro-Metallurgical Process ......................

Ana Maria Martinez, Kai Tang, Camilla Sommerseth, and Karen Sende Osen

Developed Commercial Processes to Recover Au, Ag, Pt, and Pd
from E-waste .. ....... ... . e

Rekha Panda, Manis Kumar Jha, Jae-chun Lee, and Devendra Deo Pathak

Part III REEs

Innovative Reactors for Recovery of Rare Earth Elements (REEs) .....
Alison Lewis, Jemitias Chivavava, Jacolien du Plessis, Dane Smith,
and Jody-Lee Smith

Recovery of Rare Earth Elements from Recycled Hard Disk Drive
Mixed Steel and Magnet Scrap ..............
Tedd E. Lister, Michelle Meagher, Mark L. Strauss, Luis A. Diaz,
Harry W. Rollins, Gaurav Das, Malgorzata M. Lencka,
Andre Anderko, Richard E. Riman, and Alexandra Navrotsky

Extraction Chromatography for Separation of Rare Earth
Elements .

Meher Sanku, Kerstin Forsberg, and Michael Svard

Tool and Workflow for Systematic Design of Reactive Extraction
for Separation and Purification of Valuable Components ..............

Hana Benkoussas, David Leleu, Swagatika Satpathy,
Zaheer Ahmed Shariff, and Andreas Pfennig

73

79

91

101

115

129

139

155



Contents

Rethinking Mineral Processing and Extractive Metallurgy
Approaches to Ensure a Sustainable Supply of High-tech
and Critical Raw Materials ... . ... ... .. .. ...

Yousef Ghorbani, Glen T. Nwaila, Steven E. Zhang, and Jan Rosenkranz

Extraction of Rare Earth Metals: The New Thermodynamic
Considerations Toward Process Hydrometallurgy ....................

Ajay B. Patil, Rudolf P. W. J. Struis, Andrea Testino, and Christian Ludwig

Part IV REEs and Sc

Developing Feasible Processes for the Total Recycling of WEEE
to Recover Rare Metals ....... ... ... ... .. ... . ... . ... ... ... ...

Jae-chun Lee, Manis Kumar Jha, Rekha Panda,
Pankaj Kumar Choubey, Archana Kumari, and Tai Gyun Kim

Rare Earth Elements Extraction from Coal Waste Using
a Biooxidation Approach ......... ... ... ... ... ...

Prashant K. Sarswat, Zongliang Zhang, and Michael L. Free

Scandium Extraction from Bauxite Residue Using Sulfuric Acid
and a Composite Extractant-Enhanced Ion-Exchange Polymer
BRCOIE e &amp; e i A i e ko i

Efthymios Balomenos, Ghazaleh Nazari, Panagiotis Davris,
Gomer Abrenica, Anastasia Pilihou, Eleni Mikeli, Dimitrios Panias,
Shailesh Patkar, and Wen-Qing Xu

Scandium — Leaching and Extraction Chemistry .....................

Dag @istein Eriksen

Preparation of Industrial Sodium Chromate Compound
from an Indigenous Chromite Ore by Oxidative Decomposition ... .....
Alafara A. Baba, Kuranga I. Ayinla, Bankim Ch. Tripathy,
Abdullah S. Ibrahim, Girigisu Sadisu, Daud T. Olaoluwa,
and Mustapha A. Raji

Part V Recycling, Co, and REE

The Italian National Research Council Operations Within the EIT
Raw Materials Framework ......... ... .. ... .. ...

Paolo Dambruoso, Salvatore Siano, Armida Torreggiani,
Ornella Russo, Stefania Marzocchi, and Vladimiro Dal Santo

Experimental Determination of Liquidus Temperature and Phase
Equilibria of the CaO-Al,0;-Si0,-Na,O Slag System Relevant
to E-Waste Smelting ........ ... ... ..

Md Khairul Islam, Michael Somerville, Mark I. Pownceby,
James Tardio, Nawshad Haque, and Suresh Bhargava

X



X Contents

How to Prepare Future Generations for the Challenges in the Raw
Materials Sector . ... o i 277

Armida Torreggiani, Alberto Zanelli, Alessandra Degli Esposti,
Eleonora Polo, Paolo Dambruoso, Renata Lapinska-Viola,
Kerstin Forsberg, and Emilia Benvenuti

Part VI Ce, Mo, Cr, and Fe

Transformation and Distribution of Vanadium Phases in Stone
Coal and Combustion Fly Ash ..................................291
Deng Zhi-gan, Tang Fu-li, Wei Chang, Fan Gang, Li Min-ting,
L1 Xing-bin, and L1 Cun-xiong

Solvo-Chemical Recovery of Cerium from Sulfate Solution Using
Cyanex 923 and Oxalate Precipitation ............................... 303

Sadia llyas, Hyunjung Kim, and Rajiv Ranjan Srivastava

Recovery of Molybdenum from Low Concentration
Molybdenum-Containing Solution with Addition of Fe(IIT) ............ 311

Bei Zhang, Bingbing Liu, Yuanfang Huang, Guihong Han, and Shengpeng Su

An Effective Way to Extract Cr from Cr-Containing Tailings .......... 321
Jie Cheng, Hong-Yi1 L1, Shuo Shen, Jiang Diao, and Bing Xie

Study on the Enhancement of Iron Removal in the Becher Aeration
by a Novel Tubular Reactor .......... ... .. ... ... .. .. ... ... ........ 327

Lei Zhou, Qiuyue Zhao, Mingzhao Zheng, Zimu Zhang, Guozhi Lv,
and Tingan Zhang

Author Index . 337

Subject Index ................ i e i &amp; e e e S 341


	Monograph

