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Abstract

Lithium-ion batteries (LIBs) are widely used in energy storage due to their high energy density, long
cycle life, and scalability. Nickel-rich lithium nickel manganese cobalt oxides (Ni-rich NMCs) are
promising cathode materials owing to their high energy density. However, their application is
limited by low stability, leading to capacity loss at high delithiated states and safety concerns. In this
study, layered LiNiy gMn, ;Co,;0, (NMC811) cathode was doped with high oxidation state elements

(Zr, Nb, and Mo), known for strong transition metal—-oxygen (TM-0) bond energies. These dopants
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can hinder oxygen release and improve the chemical stability of Ni-rich cathodes. The materials
were synthesized via a solvent solution method. X-ray diffraction (XRD) confirmed a single-phase
layered structure without impurity peaks, and all doped samples showed an increased I(5o3)/I(104)
intensity ratio, indicating reduced cation mixing. No significant changes in particle morphology
were observed due to the low dopant level (1 wt%). Electrochemical tests showed that Zr- and Mo-
doped samples delivered higher initial discharge capacities and better cycling stability. Notably, Zr-
doped NMC (ZrNMC) retained 71.6% of its capacity after 100 cycles at 0.1 C, compared to 49.6% for
pristine NMC. Electrochemical impedance spectroscopy (EIS) revealed that ZrNMC exhibited lower
charge transfer resistance during cycling, suggesting improved ion transport. These results indicate
that doping with high oxidation state elements is an effective strategy to enhance the structural and
electrochemical performance of Ni-rich NMC cathodes, making them more viable for next-

generation LIB applications. © 2026 Elsevier B.V.

Author keywords

High oxidation state dopants; Lithium-ion batteries; Mo doping; Nb doping; Ni-rich cathodes; Zr
doping

Indexed keywords

Engineering controlled terms

Cathode materials; Cathodes; Chemical stability; Cobalt compounds; Electric discharges;
Electrochemical impedance spectroscopy; Impurities; Ions; Lithium compounds; Molybdenum
compounds; Nickel oxide; Niobium compounds; Oxidation; Oxygen; Semiconductor doping;

Zirconium; Zirconium compounds

Engineering uncontrolled terms
Doped sample; High oxidation state; High oxidation state dopant; Higher energy density; Ion
batteries; Lithium ions; Mo-doping; Nb doping; Ni-rich cathode; Zr-doping

Engineering main heading

Lithium-ion batteries

Reaxys Chemistry database information

Reaxys is designed to support chemistry researchers at every stage with the ability to
investigated chemistry related research topics in peer-reviewed literature, patents and substance

databases. Reaxys retrieves substances, substance properties, reaction and synthesis data.

Substances

https://lwww.scopus.com/pages/publications/105033081731?origin=resultslist 2/5



5/5/26, 4:40 PM Scopus - Document Details

View details

Powered by Reaxys

Funding details

Details about financial support for research, including funding sources and grant numbers as

provided in academic publications.

Funding sponsor Funding number Acronym

Universiti Teknologi MARA UiT™M
See opportunities by UiTM A

Ministry of Higher Education, Malaysia FRGS/1/2022/STG04/ UITM /02/14 MOHE
See opportunities by MOHE A

Funding text

The authors would like to thank the Ministry of Higher Education Malaysia through the
Fundamental Research Grant Scheme (FRGS) with code FRGS/1/2022/STG04/ UITM /02/14, Faculty
of Applied Sciences and Centre for Functional Materials and Nanotechnology, Institute of Science,

Universiti Teknologi MARA , Shah Alam, Selangor, Malaysia for their support to this work.

Corresponding authors

Corresponding M.F. Kasim
author
Affiliation Centre for Functional Materials and Nanotechnology, Institute of Science,

Universiti Teknologi MARA, Shah Alam, 40450, Malaysia

https://lwww.scopus.com/pages/publications/105033081731?origin=resultslist 3/5


https://www.reaxys.com/?origin=Scopus
https://www.fundinginstitutional.com/funders/501100004625
https://www.fundinginstitutional.com/funders/501100003093

5/5/26, 4:40 PM Scopus - Document Details

Email address muhdfir@uitm.edu.my

© Copyright 2026 Elsevier B.V,, All rights reserved.

Abstract

Author keywords

Indexed keywords

Reaxys Chemistry database information
Funding details

Corresponding authors

About Scopus

What is Scopus
Content coverage
Scopus blog
Scopus API

Privacy matters
Language

HAERZZT~T S
BE BRI
BRI PIURA

MpocMOoTp BEpPCUM Ha PYCCKOM AI3bIKe

Customer Service

Help
Tutorials

Contact us

https://lwww.scopus.com/pages/publications/105033081731?origin=resultslist 4/5


https://www.elsevier.com/products/scopus?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/products/scopus/content?dgcid=RN_AGCM_Sourced_300005030
https://blog.scopus.com/
https://dev.elsevier.com/
https://www.elsevier.com/legal/privacy-policy?dgcid=RN_AGCM_Sourced_300005030
https://www.scopus.com/standard/contactUs.uri?pageOrigin=footer
https://service.elsevier.com/app/answers/detail/a_id/14799/supporthub/scopus/
https://service.elsevier.com/app/overview/scopus/

5/5/26, 4:40 PM Scopus - Document Details

ELSEVIER

Terms and conditions 7 Privacy policy 2 Cookies settings

All content on this site: Copyright (©) 2026 Elsevier B.V. 7, its licensors, and
contributors. All rights are reserved, including those for text and data mining,

Al training, and similar technologies. For all open access content, the relevant
licensing terms apply.

& RELX™

https://lwww.scopus.com/pages/publications/105033081731?origin=resultslist 5/5


https://www.elsevier.com/?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/legal/elsevier-website-terms-and-conditions?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/legal/privacy-policy?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/?dgcid=RN_AGCM_Sourced_300005030
http://www.relx.com/

