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Even though, development of lithium ion batteries has 

progressed tremendously over the last few decades in energy 

density, efficiency, and reliability, battery capacity still cannot 

keep up and sustain the increasing demands of fast charging 

and energy density.1 Especially, to allow ultra-fast charging 

(80% recharged in less than 5 minutes), it is necessary to 

increase the battery charging rate to 10C, 10 times to rated 

current. At this high current rate, conventional LIBs exhibit 

poor performance, low energy density, and degradation, but 

most importantly, become unstable and more prone to 

catastrophic failure (fire or explosion).2,3 Recent innovations 

in battery technology have focused on incremental 

improvements in battery chemistry, addressing ion acceptance 

and energy density but ignoring key problems, such as safety, 

high internal resistance, and thermal runaway. 

Moreover, the most common conventional graphite anodes are 

not suitable for ultra fast charging and exhibit severe capacity 

loss due to poor Li+ intercalation kinetics. Specifically, Li 

dendrite formation on the graphite anodes is very common at 

high current rates due to high polarizaiton. 4Due to these 

limitations of conventional graphite, aternatively, silicon 

anodes are widely studied and partially commercialized. 

Silicon provides a higher gravimetric capacity and better Li+ 

intercalation kinetics than graphite. However, silicon has its 

own drawbacks including high charge transfer resistance, 

extreme volume changes, and poor electrical conductivity. 

Besides, the silicon approach still cannot fully address the fast 

charging and enegy density demand.4 

Thus, new battery anode chemistries are necessary to meet the 

fast charging demand along with safety. At this point, a new 

material, borophene, is emerging. Borophene’s high 

adsorption energy and low barrier for ion diffusion makes it an 

excellent candidate for a next generation anode that can 

provide high capacity and fast charging.5 

Here, we demostrate a new anode material utilizing 

borophene/h-BN aerogels. In this study, borophene/h-BN 

aerogels were directly synthesized from graphite as indicated 

from our previous research.6,7 The resultant battery cells 

exhibit excellent properties in relation to fast charging and 

performance (Fig. 1). Moreover, the advantages in chemical 

inertness and thermal stability of h-BN truly elevate 

borophene’s performance. We believe architectures with 

borophene/h-BN aerogel implementation not only enable ultra 

fast charging batteries but enable new anode geometries. 

 
 

 
Figure 1. Rate performance of battery cells with and without 

borophene/h-BN aerogel implementation. borophene/h-BN 

(3:1) exhibits superior battery performances at high charging 

rates. 
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