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Synthesis and Electrochemical Performance of Red
Phosphorus/Carbon Composites

TIAN Li-Yuan, YAO Zhi-Heng, LI Feng, WANG Yong-Long, YE Shi-Hai
(Institute of New Energy Material Chemistry, Nankai University, Tianjin 300071, China)

Abstract: Effect of different fabrication methods, composition of electrolytes and various carbon substrates on the elec-
trochemical performance of red phosphorus/carbon composites were studied. The red phosphorus (red P)/active carbon
(AC) composites synthesized via ball milling method exhibited a low coulombic efficiency and cyclic capacity in the ini-
tial cycle, meaning poor utilization ratio of red P. It was found that the optimal electrolyte was 1 mol/L LiPFg in an ethyl
carbonate (EC)/ethyl methyl carbonate (EMC)/dimethyl carbonate (DMC) mixed solvent. Red P/conductive carbon black
(BP2000) and red P/AC composites were synthesized by a vapor deposition method. The morphology, structure and elec-
trochemical performance of the as-prepared composites were characterized by thermal gravity analysis (TGA), X-ray dif-
fraction (XRD), scanning electron microscope (SEM), BET surface analysis and cyclic voltammetry (CV). Electro-
chemical results reveal that the red P/AC composite (45%P) has a good reversibility with charge/discharge potential pla-
teau at 1.0 V and 0.75 V. The initial discharge/charge special capacity is 1500 and 1200 mAh/g (calculated based on the
weight of composites), respectively, showing initial coulombic efficiency of 82.5%. In the subsequent cycles the coulom-
bic efficiency is over 97.5%. The stable cyclic capacity is related to 2.8-electron reaction. Relying on the stable discharge
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capacity in the second cycle, the capacity retention is calculated to be 75.0% after 50 cycles. The as-prepared red P/AC

composites exhibit high cyclic capacity and good cyclic stability, which can be attributed to the uniform dispersion of

amorphous red P in the porous structure of AC substrate, especially in the micropores.

Key words: lithium ion batteries; anode; red phosphorous; vapor deposition method; porous carbon
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Fig. 1 Electrochemical performance of 45% P/AC composites
prepared by a ball-milling method

(a) CV curves, (b) Initial three charge (delithiation)-discharge (lithiation)

curves of P/AC composite and (c) cycle performance of P/AC composite.
Current density is 100 mA/g, the scan rate is 0.1 mV/s
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Fig. 2 SEM images of AC (a) and red P/AC composites (b)
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