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ABSTRACT

In this present paper, nano-sized red phosphorus particles (NRP) were prepared through a mechanical
milling and ultrasonic flotation method. The as-prepared red phosphorus nano particles were loaded on
the surface of graphene. The residual oxidative bonds on the surfaces of the red phosphorus and graphene
were carried out to form effective interface contact. The present results indicated that comparing with
large size commercial red phosphorus particles, NRP possesses higher specific surface area and photo-
catalytic activity. The NRP/graphene composite shows a great adsorption capacity for rhodamine (RhB).
Meanwhile, its visible-light-driven decolorization performance for RhB was 5 times higher than that
of pure NRP, which can decolorize of RhB completely in only 3 min. So, NRP/graphene composite pho-
tocatalyst possess great potential in the area of environment organic pollution purge. Electrochemical
impedance spectra (EIS) and Mott-Schottky spectra results of these samples indicated that a downward
bend of the conduction band of NRP was formed when it contacted with graphene, resulting in a rapid
electron injection into the graphene. Therefore, the probability of recombination of photogenerated car-
riers was inhibited effectively, thus enhanced the overall photocatalytic performance of the composite

material.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

Photocatalysis has been considered as one of the key techniques
for solving energy resource and environmental problems [1,2].
Since Fujishima reported the photocatalytic hydrogen production
of TiO, in 1972 [3], photocatalytic techniques have continued to
develop. Some novel visible light photocatalysts such as BiVOy4
[4,5], InGaN [6,7], BaTaO,;N [8] and CulnyGaj_xSe; [9] have been
developed and achieved excellent photocatalytic performances.
Compared with these complicated multi-component photocata-
lysts, some photocatalysts with simpler compositions, including
elementary sulfur [10] and red phosphorus [11], have attracted
attention in recent years. Among these materials, red phosphorus is
a type of stable semiconductor, with a band width of 1.7 eV that its
light absorption range can almost cover the visible light range [11].
In addition, red phosphorus possess appropriate conduction band
electrical potential and valence band electrical potential to decom-
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pose water into hydrogen and oxygen, which make it a potentially
excellent semiconductor material for photocatalysis [11].

Wang et al. [11] made the first report of the visible light
photocatalytic water reduction performance of red phospho-
rus, and calculated the electrical potentials of the conduction
and valence bands of it using density function theory (DFT).
The researchers then prepared P4/YPO4 composite photocata-
lyst through hydrothermal reaction [12]. It was found that, after
hydrothermal treatment by Y3* ions, the specific surface area of
red phosphorus was increased greatly. Simultaneously, the separa-
tion efficiency of the photoinduced carriers were enhanced by the
heterojunction effect between the red phosphorus and YPO4. Yuan
et al. [13] prepared a g-C3Ny4 layer coated red phosphor/g-C3Ny
heterojunction photocatalyst; they found that the photocatalytic
hydrogen evolution performance on water and photocatalytic CO,
reduction performance, were significantly enhanced when the
mass fraction of g-C3N4 reached 30%. Xia et al. [ 14] studied the pho-
tocatalytic antibacterial performance of red phosphorus excited
by visible light and sunlight, and found that the oxygen species
(*OH, *0%~, H,0,) formed using red phosphorus under light irradi-
ation could oxidize the cell membrane of E.coli, which eventually
achieved the goal of antibacterial action.
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Fig. 1. SEM images of (A) NRP; (B) NRP/G 2; TEM of NRP/G2 (C) low resolution and (D) higher resolution.

However, the photocatalytic performance of red phosphorus
is possibly limited by the following two key factors. Firstly, the
red phosphorus previously applied in photocatalysis presented a
large particle size, which decreases the number of active sites
on the surface of red phosphorus, thereby limiting the photocat-
alytic performance. Secondly, the crystallinity of red phosphorus
semiconductors is relatively low, increasing the probability of
recombination between photo-induced electrons and holes. There-
fore, developing a feasible method to prepare nano-sized red
phosphorus photocatalysts, as well as increasing the electron
mobility of red phosphorus photocatalysts, are both importance.

In this work, red phosphorus was modified to address the above-
mentioned two problems. Since red phosphorus is a relatively soft
material, nano-sized red phosphorus would be prepared through a
combination of mechanical milling and ultrasonic floatation meth-
ods. In addition, Graphene is a two-dimensional material with very
high electron mobility [15-19]. Currently, amount of studies indi-
cated that [20-25], when graphene was compounded with other
semiconductor materials, graphene could significantly increase the
electron mobility of photocatalysts through the interfacial photo-
induced electrons transfer process; In addition, graphene could
promote the separation efficiency of light-induced electrons and

holes in semiconductor photocatalysts. Therefore, in the present
paper, nano-sized red phosphorus was prepared through a simple
method, and then the as-prepared red phosphorus nanoparticles
were loaded on the surface of graphene, which was expected to
achieve the objects of increasing active sites for photocatalytic reac-
tion, meanwhile promoting the mobility and separation efficiency
of photo-induced electrons also.

2. Experimental
2.1. Preparation of nanoparticles red phosphorus (NRP)

In this study, all the reagents were purchased from Aladdin
Industrial Corporation of analytical grade, and used directly with-
out any purification. Red phosphorus was prepared by mechanical
boll milling and flotation method. In brief, firstly 10 g commercial
red phosphorus was annealed at 400 °C (with a rate of temperature
up/down 5°C/Min) for 4h in the N, atmosphere to enhance the
crystallinity. After that, 4 g annealed red phosphorus was grinded
by a ball mill at a revolving speed 350r/min for 12 h with water.
Finally, 0.5g grinded red phosphorus was dispersed in 100 mL
anhydrous alcohol for 30 min by ultrasonic dispersion method.
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