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Lithium-ion batteries are widely used in electric vehicles 

(EV) and mobile devices. The cycle life is one of the most 

important features of the battery in an EV [1]. The 

affordability of battery energy storage critically depends on 

low cost and long cycle life [2]. Current state-of-the-art 

lithium-ion battery cathodes rely too much on expensive Co 

and Ni elements, creating a potential cost problem in the 

future. On the other hand, Mn-based LiNi0.5Mn1.5O4 (LMNO) 

has attracted much attention in the last decade due to its low 

cost, natural abundance of manganese ores, and high 

theoretical capacity (147 mAh/g) of this spinel cathode. Also, 

its high operating voltage of 4.7 V makes its energy density 

20-30% higher than that of commercially available LiCoO2 

and LiFePO4 cathodes. According to the EU Technology 

report, LMNO was named as a generation 3b cathode with a 

potential market deployment around 2025 [3]. The main 

obstacle towards commercialization is rapid capacity fade 

resulting from electrolyte decomposition at high voltage 

(~4.7V). To overcome this obstacle, engineering the surface 

chemistry of spinel powders and use of dopants into spinel 

lattice doping methods are two main trends to prevent 

capacity degradation during extended cycling. The doping or 

surface coating methods independently suppresses capacity 

fade and improves the high-temperature stability of LMNO. 

The acidic HF environment causes surface degradation and 

how doping or surface coating protects the electrolyte 

degradation need to be explored more.  

 

 

 

 

 

 

 

 

Fig.  1 a) Cycle performance of pristine, 1 %B-doped, 3 %B-

doped, 5 %B-doped, 7 %B-doped and 10 % B-doped LMNO 

half-cells at 50 °C and 1C-rate until 1200 cycles b) 

Comparison of 5 minutes additional duration at 4.7 V 

charging to each step for 10% B-doped LMNO half-cells 

cycling performance at 50 °C and 1C rate. 

Wang et al. studied the surface coating of LMNO with V2O5 

and 5 wt. % V2O5 was found to be optimal [4]. However, 10 

wt. % V2O5 coated LMNO (97.8%) exhibits better capacity 

retention than 5 wt. % V2O5 (92.2%) after 100 cycles. 

Similarly, we applied boron doping to the LMNO. High 

amount boron doping (10 wt. %) apparently decreases first 

discharge capacity but exhibits highest capacity retention 

after 1200 cycles at 1C-rate and 50 °C. Researchers mostly 

focus on higher first discharge capacity or first 100 cycles 

performance. However, batteries must be stable ˃2000 cycles 

for practical applications. Operando DEMS equipment 

reveals that H2 and CO2 gases emission increases at ~4.7 V 

for LMNO half-cell cathode due to electrolyte 

decomposition. At this point, duration at high voltage (~4.7 

V) is the deterministic parameter of capacity retention of 

LMNO. Fig.1a shows the comparison of 7 % and 10 % 

boron-doped LMNO half-cells at 1C rate and 50 °C until 

1200 cycles. In the beginning, 7 % B-doped LMNO has 

higher discharge capacity, but higher capacity fade after 1200 

cycles. Therefore, to understand of real benefits of doping or 

surface coating, an extended cycle life test must be applied 

for LMNO. Additional duration (~5 minutes for each 

charging step) at ~4.7 V can reveal practical benefits of 

doping or surface coating with lower cycle number due to 

rapid decomposition at high voltages (Fig. 1 b). Detailed 

surface coating and doping amount comparison on capacity 

retention will be discussed at the presentation.  
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