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Abstract

Using electrolytic manganese dioxide as the manganese source, lithium carbonate as the lithium
source, and niobium pentoxide as the dopant, Nb-doped LiMnz204 cathode materials were synthe-
sized via a high-temperature solid-state method. The effects of process parameters such as Li/Mn
molar ratio, Nb doping amount, and sintering temperature on the physicochemical and electrical
properties of LiMnz04 were systematically investigated. The results indicate that an appropriate
amount of Nb doping can effectively regulate the crystal facet growth of primary particles, making
them more rounded and thereby enhancing the compaction density. With the increase of Li/Mn mo-
lar ratio, Nb doping amount, and sintering temperature, the compaction density of LiMnz04 in-
creased, while the specific surface area decreased. However, excessive Nb doping and sintering tem-
perature led to a decline in the 1C discharge capacity and cycling stability. Through single-factor
experimental optimization, the optimal process parameters were determined as follows: Li/Mn mo-
lar ratio of 0.53, Nb/MnO: mass ratio of 0.2%, sintering temperature of 790°C. Under these condi-
tions, the prepared Nb-doped LiMnz04 exhibited the best comprehensive performance, with a com-
paction density of 3.12 g/cm3, a specific discharge capacity of 117.6 mAh/g at 1C, and a capacity
retention rate of 95.96% after 50 cycles.
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Table 1. Experimental process parameters of each group
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Figure 1. SEM images of Nb-doped LiMn204 with different Li/Mn molar ratios. (a) 0.52; (b) 0.53; (c) 0.54
B 1. REKBSELAISEIS 748448 SEM [E. (2) 0.52; (b) 0.53, () 0.54
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Table 2. Physicochemical and electrochemical performance test results of Nb-doped LiMn204 with different Li/Mn molar
ratios
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Figure 2. Cycling performance of Nb-doped LiMn20s with different Li/Mn molar ratios. (a) 1C discharge curves; (b) cycle
performance curves
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Figure 3. SEM images of Nb-doped LiMn204 with different Nb doping amounts. (a) 0.1%; (b) 0.2%; (c) 0.4%
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Table 3. Physicochemical and electrochemical performance test results of Nb-doped LiMn2Os with different Nb doping
amounts
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Figure 4. Cycling performance of Nb-doped LiMn204 with different Nb doping amounts. (a) 1C discharge curves; (b) cycle
performance curves
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Figure 5. SEM images of Nb-doped LiMn20s4 at different sintering temperatures. (a) 780°C; (b) 790°C; (c) 800°C
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Table 4. Physicochemical and electrochemical performance test results of Nb-doped LiMn204 at different sintering tempera-
tures
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Figure 6. Cycling performance of Nb-doped LiMn20s at different sintering temperatures. (a) 1C discharge curves; (b) cycle
performance curves
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