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Abstract

The objective of this study is to describe primary lithium production and to summarize the methods for
combined mechanical and hydrometallurgical recycling of lithium-ion batteries (LIBs). This study also aims to
draw attention to the problem of lithium losses, which occur in individual recycling steps. The first step of
hydrometallurgical treatment is leaching, which is an effective method capable of transferring over 99% of
the present metals to the leach solutions. Extraction of metals after leaching can be conducted using various
methods, with precipitation being the most commonly used. The precipitation of other metals can result in
the co-precipitation of lithium, causing total lithium losses up to 30%. To prevent such losses, solvent
extraction methods are used to selectively remove elements, such as Co, Ni, Al, and Mn. Solvent extraction
(SX) is highly effective, reducing the losses to 3% per extraction stage and reducing overall lithium losses to
15%. After the refining, lithium is precipitated as lithium carbonate. High lithium carbonate solubility (1.5 g/L)
and high liquid to solid leaching ratios require costly and avoidable operations to be implemented in order to
enhance lithium concentration. Therefore, it is suggested that more studies should focus on multistage
leaching with lower L/S ratios.
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Conclusion

the main findings, the overall conclusions and implications

By removing the p-group atom from the X2YZ composition, novel functional all-d-metal Heusler
alloys are developed. These findings contribute to our knowledge of the role of orbital hybridization
in the fundamental and functional features of X2YZ Heusler alloys. According to the current study,
despite the lack of a p-group atom, the martensitic transition with adjustable MT by chemical
composition occurs. Finally, substituting a transition metal for the p-group enhances mechanical
ductility and results in considerable reversible MCE. The suppression of p—d hybridization

and the growth of d—d hybridizations is the key physical process that combines remarkable
mechanical features with huge MCE. Because of their optimal functional behavior, these alloys

are a possible new class of materials for technological applications. We advocate focusing future
research on the atomic site occupancy rules of these kinds of alloys. The influence

of d—d hybridizations on atomic ordering may be shown by evaluating structural and magnetic
properties when the quantity of the p-atom group decreases. Furthermore, the impact of thermal
annealing techniques, as well as several synthesis methods on the creation of the L2 1 phase,
should be further investigated. Finally, because of the increased mechanical ductility and high
induced strain values observed, the shape memory impact of ternary Ni2xMn1+xTix and Mn2xN1
1+xTix series should be further investigated



Acknowledgement

to acknowledge the contributions of all those who
have helped in the process of publishing a paper

Acknowledgement

The authors sincerely appreciate the support of the R & D Projects in
Key Fields of Guangdong Province, China (2020B0109380001). The
National Science Foundation of China (NSFC No. 52002252,
52032007). The Central Funds Guiding the Local Science and
Technology Development of Sichuan Province (20212YD0022).
Thanks Zhenhuang Su in Shanghai Synchrotron Radiation Facility for
the help for synchrotron XRD measurement.

Acknowledgement

The authors would like to thank Y. Murakami (Yamagata
Research Institute of Technology) for providing technical
support for the analysis using glow-discharge optical-emission
spectroscopy (GD-OES) and Enago (www.enago.jp)

for the English language review.



References

a list of all the sources cited in the research paper

References

1. Elshahawy, W.; Watanabe, 1. Biocompatibility of dental alloys used in dental fixed prosthodontics. Tanta Dent. ]. 2014, 11, 150-159.
[CrossRef]

2. Vaicelyte, A.; Janssen, C.; Le Borgne, M.; Grosgogeat, B. Cobalt-Chromium Dental Alloys: Metal Exposures, Toxicological Risks,
CMR Classification, and EU Regulatory Framework. Crystals 2020, 10, 1151. [CrossRef]

3.  Sahami-Nejad, M.; Lashgari, H.R.; Zangeneh, S.; Kong, C. Determination of residual stress on TIG-treated surface via nanoinden-
tation technique in Co-Cr-Mo-C alloy. Surf. Coat. Technol. 2019, 380, 125020. [CrossRef]

4. Zangeneh, 5.; Lashgari, H.R.; Lopez, H.F; Farahani, H.K. Microstructural characterization of TIG surface treating in Co-Cr-Mo-C
alloy. Mater. Charact. 2017, 132, 223-229. [CrossRef]

5. Grosgogeat, B.; Vaicelyte, A.; Gauthier, R; Janssen, C.; Le Borgne, M. Toxicological Risks of the Cobalt-Chromium Alloys in
Dentistry: A Systematic Review. Materials 2022, 17, 5801. [CrossRef]

6. Mukai, Y; Torii, M.; Urushibara, Y.; Kawai, T; Takahashi, Y.; Maeda, N.; Ohkubo, C.; Ohshima, T. Analysis of plaque microbiota

and salivary proteins adhering to dental materials. J. Oral Biosci. 2020, 2, 182-188. [CrossRef]



Similarities and differences

References

What is the references section?
All citations from the text

The References and text citations
should match perfectly

What is the purpose?

To locate and verify the sources
used in the research

Bibliography

What is the bibliography?

Includes both referenced sources
and other relevant sources not
directly cited in the paper

What is the purpose?

For background information or to
gain insights into the subject matter



Appendix (appendices)
the information of secondary importance
Appendix A

The Engineering Design Process

A Descriptive View

CHAPTER MENU

Al Design and Development, 248

A.1.1 The Design Process, 248

A.1.2 Customer Requirements, 249

A.1.3  Interactive Design, 249

A.14 Intermediate Testing, 249

A.1.5 Final Iteration, 251

A2 Forensic Analysis of the Design Process, 252
References, 253

When we think of design, great artists and builders come to mind, such as
Michelangelo, Leonardo da Vinci, Berthe Morisot, or Christopher Wren.
We imagine that design is mostly creativity and certainly it is that, but
there is much more to it. True, the essence of design is creativity. No stand-
ard in the world can mandate or bestow creativity. You either have it or you
don’t, but creativity is brought to life through a design process that is well
identified. For example, Michelangelo followed a detailed process in both
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