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Abstract :

Lithium ion batteries (LLIBs) have achieved a great success as power sources in laptop computers,
cellular phones, and electric vehicles. Due to the increasing demands for such applications, new
anode materials have been exploring to replace a commercial graphite anode in LIBs. Especially
phosphorus has been proposed as a promising candidate due to quite small atomic weight which
delivers a higher theoretical capacity of 2596 mAh/g for Li;P. However, phosphorus suffers from
rapid capacity fading and poor cyclability because of large volumetric changes and poor conductivity
during lithiation-delithiation cycles. For circumventing those critical problems, carbon materials
including porous/cylindrical carbon, graphenes, and other carbon materials are simply mixed with
phosphorus powder, which leads to high structural flexibility and high conductivity. Therefore, the
capacity retention and cyclability have been gradually improved compared with bare phosphorus.
However, capacity fading was still observed with increasing the lithiation/delithiation cycles, which
suggests phosphorus particles are not stable in carbon networks. In this study, phosphorus particles
were encapsulated into the inner cavity of carbon nanotubes (CNTs) and the intra layer spacing of
MXenes in order to trap the phosphorus particles in the networks, maintaining the electrical
contact. Interestingly, phosphorus-encapsulated CNT anodes have achieved success in delivering a

higher reversible capacity (850 mAh/g at the fiftieth cycle) than that (372 mAh/g for LiCs) of a



commercial graphite anode in LLIBs, whereas phosphorus-encapsulated MXene anodes showed a
lower value (approximately 200 mAh/g at the second cycle) because a low amount of phosphorus
was encapsulated into the intra layer spacing. Therefore, phosphorus-encapsulated CNTs might
achieve reversible reactions without the formation of Li.P alloying materials during charge-

discharge cycles.
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