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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 LiNi0.8Mn0.1Co0.1O2
(NMC811) cathode was doped with high oxidation state elements
(Zr, Nb, and Mo), known for strong transition metal--oxygen (TM-
O) bond energies. These dopants 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(003)/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.

Keywords Author Keywords: Lithium-ion batteries; Ni-rich cathodes; High
oxidation state dopants; Zr doping; Nb doping; Mo doping
Keywords Plus: LITHIUM-ION BATTERIES; NI; PERFORMANCE

5/5/26, 4:41 PM Systematic study of Zr4+, Nb5+and Mo6+doping in LiNi0.8Mn0.1Co0.1O2 (NMC811) cathodes prepared from a commercial Ni0…

https://www.webofscience.com/wos/woscc/full-record/WOS:001727978300001 2/11

https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22AK%22,%22rowText%22:%22%5C%22Lithium-ion%20batteries%5C%22%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22AK%22,%22rowText%22:%22%5C%22Ni-rich%20cathodes%5C%22%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22AK%22,%22rowText%22:%22%5C%22Ni-rich%20cathodes%5C%22%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22AK%22,%22rowText%22:%22%5C%22High%20oxidation%20state%20dopants%5C%22%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22AK%22,%22rowText%22:%22%5C%22High%20oxidation%20state%20dopants%5C%22%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22AK%22,%22rowText%22:%22%5C%22Zr%20doping%5C%22%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22AK%22,%22rowText%22:%22%5C%22Zr%20doping%5C%22%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22AK%22,%22rowText%22:%22%5C%22Nb%20doping%5C%22%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22AK%22,%22rowText%22:%22%5C%22Nb%20doping%5C%22%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22AK%22,%22rowText%22:%22%5C%22Mo%20doping%5C%22%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22AK%22,%22rowText%22:%22%5C%22Mo%20doping%5C%22%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22KP%22,%22rowText%22:%22%5C%22LITHIUM-ION%20BATTERIES%5C%22%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22KP%22,%22rowText%22:%22%5C%22NI%5C%22%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22KP%22,%22rowText%22:%22%5C%22PERFORMANCE%5C%22%22%7D%5D&eventMode=oneClickSearch


Author
Information

Corresponding
Address:

Kasim, Muhd
Firdaus

(corresponding
author)

Univ Teknol MARA, Inst Sci, Ctr Funct Mat & Nanotechnol,
Shah Alam 40450, Malaysia
E-mail Addresses :
muhdfir@uitm.edu.my
Addresses :

1  Univ Teknol MARA, Inst Sci, Ctr Funct Mat & Nanotechnol,
Shah Alam 40450, Malaysia

2  Univ Teknol MARA, Fac Appl Sci, Sch Phys & Mat Studies,
Shah Alam 40450, Malaysia

3  Univ Teknol MARA, Fac Appl Sci, Sch Chem & Environm,
Shah Alam 40450, Malaysia

4  Univ Teknol MARA Pahang, Fac Appl Sci, Bandar Tun Abdul
Razak Je 26400, Pahang, Malaysia

5  Univ Teknol MARA Cawangan Sarawak, Fac Appl Sci, Kota
Samarahan 94300, Sarawak, Malaysia

E-mail Addresses :
muhdfir@uitm.edu.my

Data availability
statement

Data will be made available on request.

Categories/
Classification

Research Areas: Materials Science

Web of Science
Categories

Materials Science, Multidisciplinary

Funding

arrow_drop_down

arrow_drop_down

arrow_drop_down

arrow_drop_down

arrow_drop_down

...more addresses

5/5/26, 4:41 PM Systematic study of Zr4+, Nb5+and Mo6+doping in LiNi0.8Mn0.1Co0.1O2 (NMC811) cathodes prepared from a commercial Ni0…

https://www.webofscience.com/wos/woscc/full-record/WOS:001727978300001 3/11

mailto:muhdfir@uitm.edu.my
mailto:muhdfir@uitm.edu.my
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22WC%22,%22rowText%22:%22Materials%20Science,%20Multidisciplinary%22%7D%5D


Ministry of Higher Education Malaysia
through the Fundamental Research Grant
Scheme (FRGS)

FRGS/1/2022/STG04/UITM/02/14

Centre for Functional Materials and
Nanotechnology, Institute of Science,
Universiti Teknologi MARA, Shah Alam,
Selangor, Malaysia

Journal information

ISSN 0254-0584

eISSN 1879-3312

Current
Publisher

ELSEVIER SCIENCE SA, PO BOX 564, 1001 
LAUSANNE, SWITZERLAND

Table of
Contents

Current Contents Connect

Research
Areas

Materials Science

Web of
Science
Categories

Materials Science, Multidisciplinary

Journal
Citation
Indicator ™
(2024)

Citation Network Use in Web of Science

MATERIALS CHEMISTRY AND PHYSICS

expand_more
View funding text

Funding agency Grant number

add See more data fields

arrow_back View Journal Impact

0.82

5/5/26, 4:41 PM Systematic study of Zr4+, Nb5+and Mo6+doping in LiNi0.8Mn0.1Co0.1O2 (NMC811) cathodes prepared from a commercial Ni0…

https://www.webofscience.com/wos/woscc/full-record/WOS:001727978300001 4/11

https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22FO%22,%22rowText%22:%22%5C%22Ministry%20of%20Higher%20Education%20Malaysia%20through%20the%20Fundamental%20Research%20Grant%20Scheme%20(FRGS)%5C%22%22%7D%5D&disableEdit=true
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22FO%22,%22rowText%22:%22%5C%22Ministry%20of%20Higher%20Education%20Malaysia%20through%20the%20Fundamental%20Research%20Grant%20Scheme%20(FRGS)%5C%22%22%7D%5D&disableEdit=true
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22FO%22,%22rowText%22:%22%5C%22Ministry%20of%20Higher%20Education%20Malaysia%20through%20the%20Fundamental%20Research%20Grant%20Scheme%20(FRGS)%5C%22%22%7D%5D&disableEdit=true
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22FG%22,%22rowText%22:%22%5C%22FRGS%2F1%2F2022%2FSTG04%2FUITM%2F02%2F14%5C%22%22%7D%5D&disableEdit=true
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22FO%22,%22rowText%22:%22%5C%22Centre%20for%20Functional%20Materials%20and%20Nanotechnology,%20Institute%20of%20Science,%20Universiti%20Teknologi%20MARA,%20Shah%20Alam,%20Selangor,%20Malaysia%5C%22%22%7D%5D&disableEdit=true
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22FO%22,%22rowText%22:%22%5C%22Centre%20for%20Functional%20Materials%20and%20Nanotechnology,%20Institute%20of%20Science,%20Universiti%20Teknologi%20MARA,%20Shah%20Alam,%20Selangor,%20Malaysia%5C%22%22%7D%5D&disableEdit=true
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22FO%22,%22rowText%22:%22%5C%22Centre%20for%20Functional%20Materials%20and%20Nanotechnology,%20Institute%20of%20Science,%20Universiti%20Teknologi%20MARA,%20Shah%20Alam,%20Selangor,%20Malaysia%5C%22%22%7D%5D&disableEdit=true
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22FO%22,%22rowText%22:%22%5C%22Centre%20for%20Functional%20Materials%20and%20Nanotechnology,%20Institute%20of%20Science,%20Universiti%20Teknologi%20MARA,%20Shah%20Alam,%20Selangor,%20Malaysia%5C%22%22%7D%5D&disableEdit=true
https://www.webofscience.com/wos/ccc/browse/table-of-contents/MATERIALS%20CHEMISTRY%20AND%20PHYSICS?issue=2026,Vol.357
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22SO%22,%22rowText%22:%22MATERIALS%20CHEMISTRY%20AND%20PHYSICS%22%7D%5D
javascript:void(0)


In Web of Science Core Collection

0 Citations

59
Cited References

How does this document's citation
performance compare to peers?

Data is from InCites Benchmarking &
Analytics

1 1
Last 180 Days Since 2013

This record is from:

Web of Science Core Collection

Science Citation Index
Expanded (SCI-EXPANDED)

Suggest a correction
If you would like to improve the
quality of the data in this record,
please Suggest a correction

59 Cited References View as set
of results

arrow_forwardLearn more

Showing  30  of  59 (from Web of Science Core Collection)

1 Extensive comparison of doping
and coating strategies for Ni-rich
positive electrode materials

Ahaliabadeh, Z; Kong, XZ; (...); Kallio, T
Aug 30 2022 | JOURNAL OF POWER SOURCES 540

141
Citations

192
References

Free Full Text From Publisher
more_horiz

add_alert Create citation alert

arrow_forward View Related Records

arrow_back
Open comparison metrics

panel

5/5/26, 4:41 PM Systematic study of Zr4+, Nb5+and Mo6+doping in LiNi0.8Mn0.1Co0.1O2 (NMC811) cathodes prepared from a commercial Ni0…

https://www.webofscience.com/wos/woscc/full-record/WOS:001727978300001 5/11

javascript:void(0)
https://www.webofscience.com/wos/woscc/summary/63da6988-4d3b-45f4-a70e-5d7c650a6fa7-01b132f237/author-ascending/1
https://www.webofscience.com/wos/woscc/full-record/WOS:000809638400001
https://www.webofscience.com/wos/woscc/full-record/WOS:000809638400001
https://www.webofscience.com/wos/woscc/full-record/WOS:000809638400001
https://www.webofscience.com/wos/author/record/4035237
https://www.webofscience.com/wos/author/record/29407349
https://www.webofscience.com/wos/author/record/1558725
https://www.webofscience.com/wos/woscc/citing-summary/WOS:000809638400001?from=woscc&type=colluid&eventMode=timeCitedOnSummary
https://www.webofscience.com/wos/woscc/cited-references-summary/WOS:000809638400001?type=colluid&from=woscc
https://www.webofscience.com/api/gateway?GWVersion=2&SrcAuth=GetFTR&SrcApp=WOS&DestURL=https%3A%2F%2Fct.prod.getft.io%2FY2xhcml2YXRlLGVsc2V2aWVyLE1UQXVNVEF4Tmk5cUxtcHdiM2R6YjNWeUxqSXdNakl1TWpNeE5qTXosTmpRd05qYzNZVFl0TkRnNVlTMDBPREU0TFRrelkyTXRORE0zWlRJMU1UTTFOVGsyLGh0dHBzOi8vd3d3LnNjaWVuY2VkaXJlY3QuY29tL3NjaWVuY2UvYXJ0aWNsZS9waWkvUzAzNzg3NzUzMjIwMDYzMzQ_cGVzPXZvcg.27oyFOuBHBmTCRxcZx9Yd-u252KaoELGM3Yaf7XV4Hs&DestApp=GetFTR&SrcItemId=WOS:000809638400001&SrcAppSID=EUW1ED0EDADNNodPhDuigqCkUNI4j&HMAC=12NqKGItEy2BpoS56YQeuoeotTHs15Q9aEXiCSwhwBI%3D

