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Abstract. Li-rich Mn-based layered materials (LRMs) are regarded as one of the most promising
cathode materials due to their superior discharge specific-capacity. However, the irreversible lattice
oxygen loss in LRMs at high voltages (>4.5 V) leads to their poor structural stability and slow Li*
diffusion kinetic. To solve these problems, this work successfully synthesized the Al-doped LRMs
(Li1.2(Mno.54Nio.13C00.13)1-xAIkO2 (x = 0, 0.01, 0.05, 0.1) by the hydrothermal method and subsequent
high-temperature sintering. X-ray diffraction (XRD), Scanning electron microscopy (SEM), and
transmission electron microscopy (TEM) combined with the constant current charge-discharge tests
effectively verified that Al doping effectively suppressed the irreversible lattice oxygen release and
significantly improved the structural stability of LRMs.
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1. Introduction

Li-rich Mn-based layered materials (LRMs) can be represented by the formula
xLixMnOs * (1-x)LiTMO: (TM = Ni, Co, Mn, etc.).[: 2] These materials have garnered significant
attention due to their exceptionally high discharge specific capacity and energy density, as well as
their relatively low cost.l> ¥ However, practical applications of LRMs are hindered by several
challenges, such as the capacity and voltage degradation caused by lattice oxygen loss during the
cycle.[> 61 To address these issues, researchers have proposed various modification strategies, such
as surface coating, lattice doping, and particle structure optimization in LRMs[7- 81,

Lattice doping, one of the most widely adopted modification strategies!® 1% can effectively
inhibit the migration of transition metal ions (TM"") and mitigate the irreversible lattice oxygen loss
in LRMs during the cycle, thereby enhancing structural stability. And among all the dopants, AI**
stands out due to its unique advantages.'!l A13* as an electrochemically inert cation that not only can
play a "pinning effect" in the TM layer to alleviate the structural collapse, but also provide a strong
AI-O bond inhibits irreversible lattice oxygen loss.

This study focuses on the structural and performance optimization of LRMs by Al doping, and
successfully prepares Al-doped LRMs by the hydrothermal-assisted rapid nucleation method.
Various characterization methods such as SEM, TEM, XRD, combined with constant current
charge-discharge testing to revealed the mechanism, thereby providing certain theoretical support
and technical paths for the research and development of LRMs with high energy density and long
life.
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2. Experimental

2.1 Material preparation

The stoichiometric ratio of MnSO4 H>0, NiSO4 6H>0, CoSO4 7TH>0, and AI(NO3)3 9H,O were
dissolved in 25 mL of deionized water. Then, 12.5 mL of ethanol was added to the solution until no
further bubbles were observed (designated as Solution A). Separately, (NH4).CO3 was weighed and
dissolved in 25 mL of deionized water to prepare a colorless and transparent Solution B. Solution A
and Solution B were mixed evenly and transferred to a hydrothermal reactor, where they were
heated at 200 °C for 12 hours to obtain the precursor material ((Mno.s75Nio.1625C00.1625)1-xAlCO3,
x=0,0.01, 0.05, and 0.1).

Subsequently, the precursor was weighed according to a molar ratio of 1:1.5 and mixed
thoroughly with Li>COs3 in a mortar. The mixture was transferred to a muffle furnace and heated to
500 °C at a heating rate of 5 °C/min for 3 hours. The temperature was then further increased to
800 °C at the same heating rate and maintained for 12 hours. After cooling to room temperature, the
final product Lii2(Mno54Nio.13C00.13)1xAlxO2 can be obtained, as denoted as LR-AI-0, LR-AI-0.01,
LR-AI-0.05, and LR-AI-0.1.

2.2 Material characterizations

The crystal structures of as-prepared materials were discussed by X-ray powder diffraction
(XRD, Smart Lab 9000). The surface morphology and local crystal structures of samples were
characterized by the Field emission scanning electron microscope (SEM, JSM-IT800) and
transmission electron microscopy (TEM, JEOL JEM 2100 F).

2.3 Electrochemical measurements

Weigh the LRMs, Super P, and PVDF in a mass ratio of 8:1:1. Grind them thoroughly in a mortar,
then add an appropriate amount of NMP to obtain a uniform fluid slurry. Subsequently, spread the
slurry onto Al foil and dry at 120 °C. Inside the glove box, assemble the battery components in the
following sequence: positive electrode case, spring, gasket, lithium sheet, electrolyte, separator,
additional electrolyte, electrode sheet, and negative electrode case. Finally, seal the battery using a
battery packaging machine to obtain the finished product for subsequent electrochemical testing.

3. Results and discussion

Fig. 1a presents the XRD patterns of the prepared samples. All samples exhibited similar XRD
patterns, indicating that Al doping had no effect on the crystal structure. The main peak positions
align with the a-NaFeO; structure (R-3m space group), and a weak superlattice peak near 20°-25°
reveals the presence of the Li,MnOj3 phase (C/2m space group). In Fig. 1b, the (003) peak shifts to a
lower angle compared to the pristine sample, confirming successful Al doped in LRMs. Moreover,
the noticeable splitting peaks of the (006)/(102) and (018)/(110) in all samples reflects high order
layered structure.
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Fig.1 (a) XRD patterns; (b) Enlarged (003) peak of the prepared samples.

Fig. 2 shows the SEM image of the prepared sample. The spherical morphology of all samples
was formed by the agglomeration of primary particles. Fig. 2a shows that the original sample
presents a loose and porous morphology with a relatively low particle density. With the increase of
Al doping content, the compactness of the particles rises, which can accelerate the Li* transport rate

(Fig. 2b-d).
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Fig.2 The SEM images of: (a) LR-AL-0; (b) LR-Al-0.01;
(c) LR-Al-0.05; (d) LR-Al-0.1samples.

TEM was used to further observe the effect of Al doping on the local crystal structure of
as-prepared materials, as shown in Fig.3. All samples exhibited clear lattice fringes. The crystal

plane spacings of the LR-Al-0, LR-Al-0.01, LR-Al-

0.05 and LR-AI-0.1 samples were 0.475 nm,

0.479 nm, 0.480 nm and 0.481 nm respectively, corresponding to the (003) crystal plane. The
increased interplanar spacing in LRMs is attributed to AI** doping, which can reduce the Li*

transmission resistance, accelerate Li* transport rate,
LRMs.
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Fig.3 The TEM images of: (a) LR-AL-0; (b) LR-Al-0.01;
(c) LR-Al-0.05; (d) LR-Al-0.1 samples.
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Fig. 4 (a) The initial charge/discharge curves of as-prepared materials vs. 2-4.8 V; (b) the cycle
performance at 0.5 C; Selected charge/discharge profiles of the LR-Al-0 (c) and LR-AI-0.05 (d)
samples at 0.5 C.

Fig. 4 shows the effect of Al doping on the electrochemical performance of LRMs. The initial
discharge specific capacities of the LR-Al-0, LR-Al-0.01, LR-Al-0.05 and LR-AI-0.1 samples were
264.29 mAh/g, 279.93 mAh/g, 290.19 mAh/g, and 277.00 mAh/g at 0.1 C, and the corresponding
initial Coulomb efficiencies were 72.37 %+ 77.13 % 77.39 %. 74.57 % (Fig. 4a). Fig. 4b illustrates
the cycling performance of as-prepared samples at 0.5 C. The initial discharge specific capacities of
as-prepared samples at 0.5 C were 226.65 mAh/g, 232.22 mAh/g, 231.50 mAh/g, and 221.76
mAbh/g, respectively. After 100 cycles, the discharge specific capacities were 115.49 mAh/g, 210.34

441



Advances in Engineering Technology Research AIMMEE 2025
ISSN:2790-1688 Volume-15-(2025)

mAh/g, 223.53 mAh/g, and 196.51 mAh/g, corresponding the capacity retention rates were 51.04%,
90.58%, 96.56%, and 88.61%, respectively. In addition, the different charge-discharge curves were
employed to evaluate the structural stability of LRMs during the cycle, as shown in Fig. 4c-d. The
LR-Al-0.05 sample demonstrates a slight evolution of the charge-discharge curves, which can be
attributed to the strong Al-O bond effectively inhibits the irreversible lattice oxygen loss, thereby
enhancing the structural stability of LRMs.

4. Conclusion

The Al-doped LRMs were successfully prepared by the hydrothermal method, and the strong
Al-O bond can effectively inhibit the irreversible lattice oxygen loss, thereby improving the
structural stability of LRMs. Furthermore, the Al doping mechanism was deeply explored through
XRD, SEM and TEM combined with constant current charge-discharge tests. After modification,
the Al-doped LRMs exhibited excellent electrochemical performance, the capacity retention rate
was 96.56% after 100 cycles at 0.5 C.
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