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ABSTRACT

The synthesis and Rhodamine B removal efficiency of monazite monoclinic
BiPO4 by hydrothermal route using Bi(NO3)3-5H20, K2HPO4:3H20 and HNO3 as
staring materials were presented in this work. The obtained samples were
characterized by X-ray powder diffraction, high-resolution transmission field-
emission scanning electron microscopy and diffuse reflectance UV-Vis
spectrometry. The results showed that, by selecting suitable reaction
parameters, the pure monazite monodinic phase of BiPO4 was received
readily at hydrothermal temperature as low as 130 °C, considerably lower than
that reported previously. The obtained monazite monoclinic phase of BiPO4
powders exhibited a high removal efficiency of 96% for 150 min under 365nm -
UV irradiation. The mechanism of the Rhodamine B photodegradation
reaction over the synthesized monazite monoclinic BiPO4 was also proposed.

Introduction

Novel  bismuth-containing complex oxide-based
photocatalysts have been drawn much attention in
recent decades with numerous promising applications
such as environmental remediation, water splitting, etc.
[1-4]. Among them, bismuth(lll) orthophosphate, BiPO4,
was known as a low-cost, chemical stable and highly
photoactive alternative to traditional titanium dioxide
[5-8]. However, most of current works concentrated on
the monazite monodinic polymorphic type (nMBIP,
space group: P21/n) of BiPO4 due to the fact that its
photocatalytic activity is ten times higher than that of
other polymorphisms, namely, monocdlinic (MMBIP,
space group: P21/m) and hexagonal (HBIP, space
group: P3121) [9]. For the synthesis of this nMBIP
photocatalyst, the hydrothermal method was the most
frequently used in comparison to others like sol-gel
[10], electrospinning [10], solvothermal [11]. However, it

was surveyed in literature that, in order to obtain the
pure NMBIP powders, the hydrothermal temperature of
over or equal to 140 °C was usually required to avoid
the phase competition with mMBIP and HMIP
polymorphisms [12-13]. Particularly, for the case of
published HNO3-assisted hydrothermal  synthesis
procedures without using any other additives, the pure
NMBIP powders were only provided when the reaction
temperature reached to 180 °C [14].

This  work  presented  the  low-temperature
hydrothermal synthesis of monazite monodinic BiPO4
powders using Bi(NO3)3:-5H20, K2HPO4-3H20 and
HNO3 as staring materials. The photodegradation of
Rhodamine B (RhB) under 365nm-ultraviolet irradiation
over synthesized samples was also evaluated.

Experimental
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Chemicals and Methods

All  chemicals required for the synthesis of nMBIP
powders, namely, Bi(NO3)3-5H20, K2HPO4:3H20 and
HNO3 were purchased from Sigma-Aldrich without
further purification.

The characterizations of synthesized samples were
carried out by using X-ray diffraction (XRD) (Bruker
AXS D8 Advance diffractometer with CuKa« radiation (A
= 15406 A), field-emission scanning electron
microscopy (FESEM) (Hitachi S-4800 microscope), and
diffuse reflectance UV-Vis spectrometry (DR-UV-Vis,
Jasco V670 spectrometer).

Synthesis of nMBIP powders

Firstly, 0.97 g Bi(NO3)3-5H20 was dissolved in 10 ml of
4M HNO3 solution during stirring. The obtaining
solution was added dropwise into another beaker
containing 0.456 g K2HPO4:3H20 dissolved in 40 ml of
distilled water under vigorous stirring for 30 min. This
mixture was transferred into a 120-ml Telfon-line
stainless steel autodlave, filled up to 80% of its volume
with distilled water. The hydrothermal reactions were
conducted at certain temperatures ranged from 110 to
150 °C for 24 h under autogenous pressure. The
resulted white solid was then collected, washed with
distilled water three times before being dried at 50 °C
for12 h.

Evaluation of photocatalytic activity

0.1 g of the nMBIP sample synthesized at 130 °C for 24
h was dispersed in 100 ml of an aqueous solution of
rhodamine B 5.10-6 M during stirring. Prior to UV
iradiation with a 70W UV lamp (A = 365 nm; light
intensity: 1.0 mW.cm=2), this solution was stirred for 60
min in the dark to obtain an adsorption-desorption
equilibrium. During the photodegradation reaction, at
each time interval of 30 minutes, 5 mL of testing
solution was withdrawn, and centrifuged to remove the
all suspended photocatalytic powders for the RhB
concentration determination on a Shimadzu UV-1800
spectrophotometer. For the sake of comparison, the
RhB photocatalytic test was also carried out for the
blank sample (without any catalysts) with the same
procedure described above.

Results and discussion

XRD patterns of the as-synthesized BiPO4 samples
synthesized hydrothermally at different temperatures
for 24 h were shown in Figure 1. For the sample
synthesized at 110 °C, beside the diffraction peaks that
are belonging to nMBIP phase, there is another
unknown peak. As temperature reached 130 °C, not
only high intensity diffraction peaks at 2-theta angle of
19.02, 2133, 27.15, 29.08, 31.19, 34.48° corresponding
tothe (011),(-111),200),(120), (012),(-202)
lattice planes, respectively, but also all observable
peaks are well indexed to the crystalline phase of
nMBIP (PDF standard card No. 15-0767). Thus, when
the hydrothermal reaction was carried out at or over
130 ©°C, the arystalline phase of nMBIP was received
purely. In comparison to reported works, this
temperature value was remarkably lower while the
reaction is also clearly shorter [14-15]. Thus, it is clearly
that by selecting the suitable precursors, the nMBIP
phase were stabilized to form while other BiPO4
polymorphic phases were not detected.

* nMBIP

4 impurity

| I | ' . 130°C

JJ_L'J.J-I Sk M_AM

15 20 25 30 35 40 45 50 55 60 65
2 theta (degree)

Intensity (a.u.)

Figure 1: XRD diagrams of BiPO4 samples synthesized
hydrothermally at: a) 110; b) 130 and ¢) 150 °C for24 h
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Figure 2: HRTEM and SEM (inset) images of nMBIP
sample synthesized at 130 °C for 24 h

As shown in Figure 2 (inset), in the SEM image of
NMBIP sample synthesized at 130 °C for 24 h, vertex-
truncated octahedrons with an average size of 1.0 ym
were found to be dominated. Furthermore, in the
HRTEM image, lattice fringes with d-spacing value of
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0.35 nm corresponding to (11 1) lattice plane of nMBIP
phase, indicating that, microscopically, the as- sample
synthesized at optimized conditions contained the
monazite monodlinic polymorphic type (nMBIP, space
group: P21/n) only.
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Figure 3: DR-UV-Vis spectrum and Tauc's plot of
NMBIP sample synthesized at 130 °C for 24 h.

As shown in Figure 3, from the recorded DR-UV-Vis
spectrum and the derived Tauc’s plot, the band band
energy value of 3.87 eV was calculated for the pure
NMBIP sample. This value falled in the common range
found for monazite monodlinic BiPO4 compound [14,
15].
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Figure 4: Photodegradation of Rhodamine B under UV
irradiation over a) nMBIP and b) blank samples

From Figure 4, the RhB removal efficiency of nMBIP for
150 min under 365nm-UV irradiation is 96.5 % while
that of the blank sample valued at only 23 %. So, in
comparison to the blank sample BiPOs4 sample, the
NMBIP  sample exhibited not only a higher
photodegradation but also a higher adsorption
efficiency.

Similar to Refs. [16, 17], the mechanism of the RhB

photodegradation reaction in aqueous medium

containing NMBIP as a photocatalyst can be proposed
as follows:

a) Photogenerating of photoexcited electrons (egg) in
the conduction band (CB) and photoexcited holes
(h{g)in the valence band (VB) of UV-irradiated
nMBIP.

nMBIP + huyy = hig + ez (4

b) The oxidation of dissolved oxygen in aqueous
medium by photoexcited electrons to radical
species like 05, OH".

05+ H* + egg » OH + OH™ (5
ecg + 0, 0z (6)

C) The reaction between photoexcited holes with

electron donors (H20) to provide OH' free radicals
h{g+ H,0 > OH + H* (7

d) The oxidation of surface-adsorbed Rhodamine B
(RbH,q) by photoexcited holes and free radicals
such as like 05,0H, etc. to form photodegraded
products like CO2, H20 and by-products

RhB,4 + hig/OH /05 - CO, + H,0+
by—products (8)

Finally, the recyclability testing results of RhB over the
monazite monodinic BiPO4 sample synthesized by
hydrothermal route were tabulated in Table 1 for three
recycling  photocatalytic  runs  under 365nm-UV
illumination. One can realize that the RhB removal
effidency decreased slightly to 92.5 and 90.2 % for the
second and the third cydles, respectively. This slight
decrease in RhB removal efficiency revealed that the
synthesized nMBIP sample is reusable.

Table 1: Photodegradation recyclability test of
rhodamine B over nMBIP sample synthesized at 130 °C
for24 hunder UV irradiation

Number of cycles 1st 2nd 3rd

RhB removal efficiency (%) 96.5 925 90.2

Conclusion

By selecting the suitable precursors for a facile
synthesis procedure, the pure monazite monoclinic
phase of BiPO4 was received readily at hydrothermal
temperature as low as 130 °C while other comparative
BiPO4  polymorphic  phases were suppressed
completely. The obtained monazite monodlinic phase
of BiPO4 powders exhibited a high Rhodamine B
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removal efficiency of 96% for 150 min under 365nm-
UV irradiation.
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