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Abstract: In this experiment, we investigated the effects of different reactions on the growth process
and morphology of h-MoO3 and α-MoO3, and their optical properties and photocatalytic activi-
ties were also investigated. Orthogonal experiments were designed to investigate the effects of
four influencing factors, namely the amount of ammonium molybdate tetrahydrate (AHM), the
type of acid, the reaction temperature and the holding time, on the morphology of h-MoO3 by a
microwave hydrothermal method. The phase and morphology were analyzed by using advanced
physicochemical techniques. The XRD results showed that the samples produced by the microwave
hydrothermal method had sharp diffraction peaks, high crystallinity and complete crystalline shape.
AHM generates h-MoO3 in both hydrochloric and nitric acid environments. In particular, when
the temperature rises to 200 ◦C, the generated h-MoO3 will be converted to α-MoO3 in a nitric acid
environment, which will be generated in a sulfuric acid environment. Therefore, increasing the
reaction temperature will result in the conversion of h-MoO3 to α-MoO3 in sulfuric acid solution.
SEM results show that the sample prepared from hydrochloric acid solution has a complete hexagonal
prism morphology, while the sample prepared from sulfuric acid solution presents a long fibrous
morphology, and the sample prepared from nitric acid solution has many defects on the surface of
the hexagonal prism morphology. Interestingly, sample A11 prepared in nitric acid solution showed
a spherical structure. Since the generated A3, A6 and A9 samples are all stable phase α-MoO3, they
have a wider band gap compared with other samples. Their particle size is up to the nanometer scale,
so they have strong adsorption properties. The spherical sample A11 has excellent adsorption and
photocatalytic activity.

Keywords: α-MoO3; band gap; h-MoO3; microwave hydrothermal method; photocatalytic activity

1. Introduction

With the large-scale expansion of industry and the continuous development of cities,
the pollution problem has become more and more serious and, especially, water pollu-
tion has caused serious adverse consequences and destroyed the ecological balance [1–3].
MoO3 has excellent adsorption performance and excellent photocatalytic activity, so it
has a promising application prospect in the treatment of water pollution [4–6]. MoO3
has a different morphology depending on the preparation process, is soluble in alkalis
and only reacts with strong acids to form white precipitates of molybdic acid. MoO3 is a
semiconductor material with a band width that varies depending on the crystalline form,
ranging from 2.5 to 3.2 eV [7]. The crystalline forms can be divided into three types [8–11],
namely thermodynamically stable orthorhombic phase α-MoO3, metastable phase mon-
oclinic phase β-MoO3 and hexagonal phase h-MoO3. The [MoO6] octahedral structure
is the basic unit of MoO3 in which Mo atoms occupy the center of an octahedron and O
atoms occupy the six top corners of the octahedron. In metastable phase h-MoO3, the
octahedral structural units share O in the top corners along the Z-axis to form a chain
structure, and the different chains form a hexagonal symmetric structure with adjacent O
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atom connections [12]. Since the metastable phase h-MoO3 has special ion channels [13], it
has a wide range of applications in batteries, gas sensing, photocatalysis and adsorption.
Yongfang Niu used a hydrothermal method to prepare h-MoO3. The reaction precursor
AHM was dissolved completely in 50 mL distilled water, which was placed into a reactor
at 200 ◦C for 20 h. The specific surface area of the prepared h-MoO3 reached 149.3 m2/g,
and the specific capacitance of the material reached 229 F/g under a charge/discharge
current of 0.2 A/g [14]. MoO3 in 2D nanosheets has a good response ability to H2S, mainly
because Mo atoms around the void break through the shielding effect of the O atom layer,
showing a better adsorption effect on H2S and O2 molecules [15]. Zhengqing Cai used
co-precipitation to synthesize AgBr/h-MoO3 composite photocatalyst with AHM as the
precursor. Specifically, hexagonal prism h-MoO3 was synthesized successfully by a hy-
drothermal method at 120 ◦C for 24 h. NaBr and AgNO3 were added dropwise to the
suspension of h-MoO3, in which AgBr was precipitated on the surface of h-MoO3, forming
Z-type heterojunctions to improve the photocatalytic reaction efficiency. The degradation
rate of AgBr/h-MoO3 to TMP reached 97% in 20 min [16]. The mixed phase h-MoO3/α-
MoO3 has great potential in water pollution control because of its high surface charge and
large surface area [17]. At present, the main method to prepare h-MoO3 is the hydrothermal
method, which can generate h-MoO3 with different morphologies by controlling different
reaction conditions. The ordinary hydrothermal nanosheet h-MoO3 has a large specific
surface area, and its adsorption capacity of rhodamine B (RhB) and methylene blue (MB)
can reach 1242 and 1433 mg/g [6]; Bhagyashri B Kamble used a sol hydrothermal method
to synthesize h-MoO3. A 0.05 M AHM solution was mixed with distilled water in a ratio
of 1:1, then 0.5 mL nitric acid was dropped into the mixture to obtain a 20 mL acidified
mixture. The acidified mixture was poured into a polyethylene reactor for 20 min and held
at 180 ◦C for 8 h, then was washed, dried and annealed at 350 ◦C for 2 h to obtain hollow
prisms of h-MoO3 [18]. Due to the unique crystal structure and hexagonal prism shape of
h-MoO3, a composite with h-MoO3 as the base material is widely used. h-MoO3, which is
rich in O vacancies, has good electrical conductivity and electrocatalytic performance as a
catalyst for cathode material [19]. The morphology of h-MoO3 has a great influence on the
overall performance of the material, therefore it is crucial to investigate the influence of
the experimental conditions on the morphology of h-MoO3. In this study, AHM was used
as the precursor, and the pH was adjusted by dropping hydrochloric acid, nitric acid and
sulfuric acid. The complete hexagonal prism h-MoO3 was synthesized by the microwave
hydrothermal method, and its growth mechanism was further elaborated. A novel spheri-
cal structure h-MoO3 was prepared by adjusting the reaction conditions. The appearance of
the spherical structure h-MoO3 significantly improved the adsorption and photocatalytic
properties of h-MoO3. Compared with other photocatalytic materials such as hexaferrite
materials, MOFs [20], etc., it also has certain advantages. The sample preparation is simple
and the raw material price is low. Large area has a high economic advantage, and the
experimental sample has a larger band gap, so the ability to degrade pollutants is stronger.
As the A11 sample has strong adsorption properties, water pollution can be treated by
adsorption properties under no light conditions.

2. Materials and Methods
2.1. Materials

Ammonium heptamolybdate ((NH4)6Mo7O24·4H2O, AHM), concentric nitric acid
(HNO3), hydrochloric acid (HCl), sulfuric acid (H2SO4), deionized water (H2O), ethanol
(C2H5OH) and methylene blue (MB) were purchased from Sinopharm Group Chemical
Reagent, and the reagents were used without further purification.

2.2. Sample Preparation

The effect on the morphology of h-MoO3 was investigated by orthogonal experiments
adjusting the amount of AHM, the type of acid, the experimental temperature and the
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reaction time. The orthogonal factor levels of h-MoO3 synthesis are shown in Table 1, and
the orthogonal experiment table is shown in Table 2.

Table 1. Level table of orthogonal factors.

Level A
AHM/g

B
Acid

C
Temperature/◦C

D
Time/h

1 5 HCl 140 4
2 7 HNO3 170 8
3 9 H2SO4 200 12

Table 2. Orthogonal test table L9 (34).

Sample No A
AHM/g

B
Acid

C
Temperature/◦C

D
Time/h

A1 5 HCl 140 4
A2 5 HNO3 170 8
A3 5 H2SO4 200 12
A4 7 HCl 170 12
A5 7 HNO3 200 4
A6 7 H2SO4 140 8
A7 9 HCl 200 8
A8 9 HNO3 140 12
A9 9 H2SO4 170 4

A quantity of ammonium heptamolybdate ((NH4)6Mo7O24·4H2O, AHM) was weighed
according to the experimental Tables 1–4 and dissolved in 30 mL of distilled water, then
10 mL of acid solution was added dropwise and mixed to uniformity for 12 h with magnetic
stirring. The solution was poured into a 100 mL microwave hydrothermal reactor for
microwave heating. After the reaction, the precipitation in the solution was centrifuged
and cleaned several times until the supernatant pH = 7, and then put into the drying oven
to dry at 80 ◦C for 10 h.

Table 3. Batch formulas of the samples of A10 and A11.

Sample No AHM/g Hydrochloric
Acid/mL

Nitric Acid
/mL Temperature/◦C Time/h

A10 9 10 0 140 4

A11 9 0 10 170 14

Table 4. Band gap, degradation rate, rate constant and R2 of the samples.

Sample No A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 A11

Eg/eV 3.10 3.16 3.35 3.14 3.15 3.31 3.15 3.14 3.30 3.15 3.18

degradation rate/% 49 62 100 58 98 99 91 65 100 97 100

rate constant/min−1 0.00285 0.02246 0.93295 0.00428 0.01784 0.01310 0.01162 0.00515 0.01840 0.01610 0.02254

R2 0.64 0.82 0.90 0.79 0.89 0.41 0.83 0.81 0.74 0.88 0.95

On the basis of the above experiments, the following experimental scheme for the
preparation of spherical h-MoO3 is described in this paper. The experimental formulations
are shown in Table 3.

The experimental procedure is the same as for A1.

2.3. Characterization

The crystal structure of the samples was analyzed by the D/max-IIIA transtarget
X-ray diffractometer produced by Niko Electric Co., LTD. The test conditions were as
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follows: Cu target, scanning form was step scanning, step length was 0.02◦, working
voltage was 40 kV, working current was 30 mA, scanning range was 5◦~80◦. A scanning
electron microscope (JSM-5610LV) was used to observe the morphology of the samples.
The test conditions were as follows: acceleration voltage 0.5~30 kV, low vacuum degree
1~270 Pa. The diffuse reflectance spectra of the samples were measured by a UV–visible
diffuse reflectance spectrophotometer (UV-3600) produced in Shimadzu of Japan. The test
range was 220–1200 nm. BET surface areas of samples were measured by an automatic
surface area and porosity analyzer (TriStarll3020) produced in Mack instrument of the
United States.

2.4. Evaluation of Photocatalytic Activity

The photocatalytic degradation test was carried out in a reactor made by Wuhan
University of Technology. The initial concentration of the methylene blue (MB) solution
was 20 mg/L, and the pH of the solution was controlled at about 6.5. First, 0.1g sample
powder was added to the MB solution, and the solution was dispersed by magnetic stirring
for 30 min to achieve adsorption equilibrium in a dark environment. The distance of the
UV lamp from the liquid surface was fixed at 15 cm. The stability of the solution was
maintained at 25 ◦C. A UV lamp with a main wavelength of 253.7 nm was used as the light
source. A sample was taken every 30 min, and the absorption spectrum of the solution
in the wavelength range of 200–800 nm was measured by a Beijing Rayleigh UV-1601
ultraviolet spectrophotometer. The absorbance at the maximum absorption peak of 664 nm
(the main absorption peak of MB) in the absorption spectrum was selected to calculate
the degradation rate of MB solution by the sample photocatalyst. According to the Beer–
Lambert–Bouguer law, there is a good linear relationship between solution concentration
and absorbance at a low concentration. Therefore, the change in the relative absorbance
value can be used to characterize the change in MB concentration in the degradation process.
The degradation rate η was (1). The photocatalytic reaction process is generally described
by the Langmuir–Hinshelwood (L-H) Equation (2).

3. Results and Discussion
3.1. Phase Composition Analysis

Figure 1 shows the XRD patterns of the A series samples, from which it can be observed
that the main diffraction peaks in the spectra of samples A1, A2, A4, A6, A8, A10 and A11
all appear at 2θ = 9.7◦, 19.5◦, 25.8◦, 29.4◦, 35.5◦ and 45.5◦, in agreement with the data from
the standard JCPSD card (21-0569) [21], corresponding to h-MoO3 (020), (110), (040), (300),
(310) and (410) diffraction peaks on the crystallographic planes. XRD analysis showed
that the prepared samples were h-MoO3. Samples have no other spurious peaks and
intense diffraction peaks, which showed that samples were pure phase and had a highly
crystalline structure. The main diffraction peaks of samples A3, A6 and A9 were at position
2θ = 12.8◦, 23.3◦, 25.7◦, 25.9◦, 27.3◦, 33.1◦, 33.8◦ and 39.0◦ representing the (100), (200),
(210), (120), (021), (101), (111), (060) crystallographic planes of α-MoO3 [22], respectively. In
particular, sample A5 had both the diffraction peak of h-MoO3 and the diffraction peak of
α-MoO3, which indicates that h-MoO3 was converted into α-MoO3 in the high-temperature
environment. This is mainly because α-MoO3 is a high-temperature stable phase, and when
the reaction temperature reaches 200 ◦C, NH4

+ in the h-MoO3 ion channel will escape due
to violent Brownian motion, resulting in its loss of support and crystal transformation.
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Figure 4. SEM morphology of samples A3, A6 and A9 prepared in sulfuric acid solution.

As shown above, samples A1, A4 and A7 showed perfect hexagonal prism morphology
and were prepared in hydrochloric acid solution. Samples A2, A5 and A8 prepared in nitric
acid solution have a large number of hexagonal prism structures and a small number of
one-dimensional linear structures, but sample A8 showed hexagonal prism morphology
and a large number of small cavities on the surface. Samples A3, A6 and A9 prepared
in sulfuric acid solution had fibrous structures, which followed a certain direction. In
Figure 2, the edge of h-MoO3 gradually disappears as the concentration of AHM, the
reaction temperature and the reaction time increase. The length of the hexagonal prisms is
about 20 µm, and the length of the hexagonal sides is about 2 µm in samples A1, A4 and
A7. The hexagonal prisms of h-MoO3 became rounded and smooth in sample A7. With the
decrease in reaction temperature, the increase in AHM concentration and the prolongation
of reaction time, it can be found that the hexagonal prism morphology of h-MoO3 becomes
more obvious in Figure 4. Sample A8 with complete hexagonal prism morphology shows
that the length of the hexagonal prisms is about 20 µm, and the side length of the hexagonal
is about 2 µm.

In order to prepare more ideal hexagonal prisms of h-MoO3, according to the above
research formulation, A10 and A11 were designed. Figure 5 shows the SEM morphology
of samples A10 and A11. Sample A10 has an ideal hexagonal prism morphology with
well-defined angles. The length of the hexagonal prisms is approximately 10 µm and the
side length of the hexagon is approximately 2 µm, which has a smaller aspect ratio than
samples A1, A4 and A7. It can be seen from the A11 sample that hexagonal prisms grow
together to form a spherical structure over time, and the diameter of the ball is about 20 µm.
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It can be seen from the above results that h-MoO3 can be synthesized with different
morphologies by controlling the reaction conditions. For example, h-MoO3 grows into
ideal hexagonal prisms in hydrochloric acid solution. When the reaction time is extended
to 14 h, hexagonal prism h-MoO3 containing many holes will combine together to present
a spherical structure in nitric acid solution. α-MoO3 showed a fibrous microstructure in
sulfuric acid solution. The reasons why the samples exhibit different morphologies are
carefully discussed in the next section of this paper.

3.3. Growth Mechanisms

From the results of the above studies, it can be determined that there are differences
in the growth mechanism of h-MoO3 in different growth environments. When AHM is
dissolved in water, NH4

+ and MoO4
2− are formed. When acid is added dropwise to AHM

solution, MoO4
2− undergoes a condensation reaction to form homopolyacid ions such

as H4Mo8O26 and H10Mo12O41 [23]. As the acidity increases, the degree of condensation
becomes greater and the solution appears gelatinous. When the temperature is increased to
40–60 ◦C, the homopolyacid ion undergoes hydrolysis to produce monohydrated molybdic
acid (H2MoO4·H2O). H2MoO4·H2O consists of an octahedral coordination of MoO5(H2O)
unit layers, where the Mo atom occupies the center of the octahedron, the O atom occupies
the six top corners of the octahedron and one of the six O atoms is present as H2O. As the
temperature increases, in [MoO6] the octahedral nucleus grows anisotropically along the
preferred growth direction under the action of NH4

+, and six [MoO6] octahedral nuclei
are connected by vertices to form the O-Mo-O structure, and then grow around a NH4

+

along the Z-axis to form a one-dimensional structure [24]. According to the step growth
mechanism and Bravais rule, crystal growth in solution means that structural units are
incorporated into the crystal. The crystal provides the growth position of the structural
units, in which the growth rate perpendicular to its surface is proportional to the density of
the growth position, which depends on the growth temperature and the crystallographic
orientation. The crystalline surfaces with a small surface network density are eliminated
because of the fast growth rate, so that crystalline surfaces with a large surface network
density are retained. This results in the final morphology of the crystal, surrounded by
crystalline faces with high face-net density forming hexagonal prisms of h-MoO3. As the
crystal grows, the concentration of the growth unit of [MoO6] octahedra of h-MoO3 in
solution decreases, according to the Thomson Gibbs equation variation [25], as shown in
Equation (3).

Since the oversaturation of small grains is higher than that of large grains, it is preferred
to dissolve them in the solution, which will lead to the increase in the concentration of
[MoO6] octahedra in the solution, and the formation of oversaturated solution continues on
the steps of large grains to form nanoparticles. Multiple single-crystal nanoparticles with
different orientations make the crystal orientation the same through particle rotation, and
then these small single crystals grow into a large single crystal through oriented attachment.
A schematic representation of the growth mechanism is shown in Figure 6.
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Figure 6. Schematic diagram of MoO3 growth mechanism: (a) flow chart of the experiment, (b) the
formation mechanism of hexagonal prism h-MoO3, (c) the formation mechanism of spherical h-MoO3,
(d) the formation mechanism of fibrous α-MoO3.

In a solution environment, the structural unit of the [MoO6] octahedron needs to over-
come the binding energy ∆U (kcal/mol) with the solvent molecule and then combine with
other [MoO6] octahedra to form a critical nucleus. The nucleation rate J0 (cm−3/s) is propor-
tional to the frequency of the critical nucleusω* (s−1), whereω* is proportional to the solute
concentration C, where the solute concentration C is expressed as the number of molecules
per cubic centimeter (cm−3), and the expression forω* is given in Equation (4) [25].

It can be seen from the equation that the frequency of critical nucleiω* increases as the
concentration of AHM increases. It results that the nucleation rate J0 becomes larger. For the
solution system, the high concentration of AHM solution will produce more crystal nuclei
and form more grains. Since the amount of AHM is determined, the size of the crystals in
solution will be smaller. Combined with SEM topography, it can be found that the average
size of sample A7 is smaller than those of samples A1 and A4. When the concentration
reaches a certain level, the nuclei collide with each other to produce agglomeration [26].
Then the anisotropic growth was carried out to form the spherical structure of sample A11.

From the SEM morphology results, the morphology of h-MoO3 varies significantly
under different acid solutions. The morphology of h-MoO3 prepared using hydrochloric
acid is ideal, with a smooth surface and few crystal defects. It can be assumed that the small
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h-MoO3 grains grow in the hydrochloric acid solution mainly in the Ostwald ripening
mode. Smaller crystals in the solute dissolve and redeposit on larger crystals. The surface of
the crystals thus grown produced fewer defects, probably due to the fact that Cl− reduced
the binding between the [MoO6] octahedra and the solvent, allowing for more solution
desolvation adsorption onto the grain surface. There are many defects on h-MoO3 surfaces
prepared by nitric acid solution, which may be due to the dominant adhesion growth of
crystals at the later stage of growth with the decrease in solute concentration in solution.
The morphology of the samples prepared with concentrated sulfuric acid is fibrous, which
may be because NH4

+ is attracted by SO4
2− and cannot enter the six-membered ring of

[MoO6]. Therefore, h-MoO3 lacks the structural support of NH4
+ and cannot exist stably,

thus forming α-MoO3. At the same time, sulfuric acid acts as a dispersant, hindering the
adhesion between small grains and forming fibrous structures. Therefore, the influence
of SO4

2−, NO3
− and Cl− on sample morphology is attributed to their influence on NH4

+.
The high electricity price of SO4

2− and the high ion mass have a significant attractive effect
on NH4

+, which leads to the failure of the stable existence of h-MoO3. NO3
− also has

an attractive effect on NH4
+, which leads to a small amount of NH4

+ escaping in the ion
channel of h-MoO3. Therefore, a small number of [MoO6] six-membered rings lack NH4

+,
and the electricity price is in an unbalanced state. Defects easily occur in the crystal growth
process, resulting in holes on the surface of hexagonal columns. In addition, due to the
existence of defects, crystals easily combine with each other in the growth process to form
a spherical structure. Cl− has almost no effect on NH4

+, so the crystals have fewer defects
during growth.

In general, the metastable phase h-MoO3 is formed at a lower temperature than α-
MoO3. When reaction temperature is increased, h-MoO3 is converted to α-MoO3 [10].
Combined with XRD and SEM results, when the sample was prepared in nitric acid
solution, h-MoO3 was converted to α-MoO3 at 200 ◦C. In sulfuric acid solution, h-MoO3
was converted to α-MoO3. The preparation of h-MoO3 with hydrochloric acid does not
involve a crystallographic transformation, but a slight dissolution of the angles of the
hexagonal prism h-MoO3 occurs with a temperature increase. According to Ostwald’s step
rule, in a hydrothermal reaction system, the crystal generates thermodynamic metastable
phase h-MoO3 preferentially because of its high nucleation rate. With the increase in
temperature, the thermal motion of ions in the hydrothermal system increases, resulting
in the dissolution and regeneration of metastable phase h-MoO3 into stable phase α-
MoO3 [27]. For the S and K surfaces at the angular position of hexagonal prism h-MoO3,
the crystal surface density and surface energy are higher than for other surfaces, and they
dissolve preferentially. This causes the edges of the sample to become rounded at relatively
high temperatures.

Samples were prepared by the microwave hydrothermal method. Compared with the
ordinary hydrothermal method, the temperature field of the hydrothermal environment
produced by the microwave method is more uniform. So, over time, the crystal will reach a
stable state, with anisotropic growth into an ideal shape.

3.4. UV–Vis Diffuse Reflectance Spectra Study

As shown in Figure 7, the reflectance drops sharply when the wavelength is about
420 nm in diffuse reflection, indicating that the sample absorbs the energy of light in this
wavelength range. The phenomenon of blue shift of absorption peaks in samples A3,
A6 and A9 indicates that these samples have a larger band gap and require more energy
illumination to make the electron transition. The band gap width of the sample can be
obtained through the Tauc plot method, which is mainly based on the formula proposed
by Tauc, Davis and Mott et al. This is Equation (5) [28]. The Kubelka–Munk function is
Equation (6) [29].
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As shown in Figure 8, it can be found that the band gap Eg of samples A3, A6 and A9
is larger, which is consistent with the diffuse reflection spectrum. As h-MoO3 exists as a
metastable phase and there are a large number of O-vacancies in the crystal, the band gap
of h-MoO3 is narrower than that of α-MoO3.

3.5. Photocatalytic Study of MB Degradation

The degradation rate of MB under UV irradiation was used to characterize the photo-
catalytic performance of samples A1–A11. The relationship between the degradation rate
of MB and time is shown in Figure 9. With the increase in reaction time, the degradation
rate of MB solution increased gradually. The degradation rates of MB were 49%, 62%,
100%, 58%, 98%, 99%, 91%, 65%, 100%, 97% and 100%, respectively, after 3.5 h of ultraviolet
radiation. Obviously, α-MoO3 generated in sulfuric acid solution had the highest removal
rate of MB under dark conditions. The A11 sample also has good adsorption performance,
with the adsorption rate reaching 40% in 30 min. The degradation rate of A11 is similar
to that of A3, but their degradation modes are fundamentally different. The A11 sample
mainly depends on its spherical structure to increase the adsorption performance, while
the A3 sample mainly depends on the specific surface area. The main reason is that α-
MoO3 is nanofibrous and has a strong adsorption effect on MB, and the adsorption rate of
the A9 sample to MB is up to 80%. h-MoO3 produced in hydrochloric acid solution has
almost no adsorption on MB, mainly because of its fewer crystal defects. The spherical
A11 samples showed strong adsorption and photocatalysis for MB. It can be found from
the SEM topography that the exposed surface of the A11 sample is the bottom surface
of each small hexagonal prism, which indicates that there are more adsorption sites and
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photocatalytic active sites on the bottom surface of the hexagonal prisms. The values of k
and R2 are obtained from Table 4. R2 stands for linear correlation coefficient. As can be seen
from Table 4: k3 = 0.93, k11 = 0.023. This indicates that the A3 and A11 samples have better
photocatalytic performance than other samples. At the same time, R12 = 0.9, R112 = 0.95.
This indicates that it conforms to the kinetic equation [30]. R12 and R62 are 0.64 and 0.41,
respectively, indicating that the fitting results of A1 and A6 do not agree with the first-order
kinetic equation. This was mainly due to the sudden improvement of degradation perfor-
mance of A1 samples in the last 30 min. The sudden improvement of the photocatalytic
performance of the A1 sample may be due to the sensitization effect of methylene blue on
the A1 sample after full contact with methylene blue. The main reason for the low R62 is
the high adsorption performance of the A6 sample. In the adsorption equilibrium stage, the
A6 sample adsorbed almost all the methylene blue in the solution. The BET surface area of
A10 is 0.4357 m2/g and the BET surface area of A11 is 0.3300 m2/g. Through SEM, it can be
found that the spherical structure of the A11 sample is a combination of many hexagonal
columns. Therefore, the specific surface area of A11 is smaller than the hexagonal column
structure of the A10 sample. However, the methylene blue degradation rate of the A11
sample is higher than that of the A10 sample, which indicates that the A11 sample has
better photocatalytic performance than the A10 sample. Therefore, it is concluded that the
spherical structure of h-MoO3 has the best photocatalytic performance.

The degradation rate η was (1). The photocatalytic reaction process is generally
described by the Langmuir–Hinshelwood (L-H) Equation (2).

η =
C0 − Ct

C0
× 100% =

A0 − At

A0
× 100% (1)

where Ct and At are the concentration (mg/L) and absorbance of MB solution at time t,
respectively. C0 and A0 are the initial concentration (mg/L) and absorbance of MB solution,
respectively.

InC0/C = InA0/A = kt (2)

where k is the rate constant.
∆µ =

4συc

l3
(3)

where ∆µ is the supersaturation (J/mol), σ is the specific surface energy (J/cm2), υc is the
volume of the crystal (cm3), l3 is the edge length (cm).

ω∗ = 4πr ∗ 2Cvλexp
(
−∆U

kT

)
(4)

where r* is the critical nucleation radius (cm), υ is the frequency factor (s−1), λ is the average
free range of the grains in solution (cm).

(αhυ)1/n = A(hυ − Eg) (5)

The value of n expresses the transition category (n = 0.5 for indirect and n = 2 for
direct transition), whereas A, α and hυ show the constant value, absorbance coefficient and
photon’s energy, correspondingly.

F(R) =
K
S
=

(1 − R∞)2

2R∞
(6)

where K is the absorption coefficient, S is the reflection coefficient and R∞ refers to the
reflectance relative to the infinitely thick barium sulfate sample, which is the reflectance R
measured in the diffuse reflection spectrum. F(R) is proportional to α, and substituting F(R)
for α gives Eg.
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4. Conclusions

In this study, h-MoO3 and α-MoO3 with different morphologies were prepared by the
microwave hydrothermal method using AHM as the precursor. The effects of morphology
and crystal structure on optical properties and photocatalytic activity were investigated.
In the solution of nitric acid, when the reaction temperature reaches 200 ◦C, there will be
α-MoO3 to h-MoO3 transition. It can be observed from the morphology that the hexagon
prism h-MoO3 take shape fibers with the gradual increase in temperature. The overall
results show that the distribution of univalent cations such as NH4+ ions and crystalline
water molecules plays an important role in the stability of metastable hexagonal structures.
Compared with other samples, the band gap of A3, A6 and A9 samples is larger, and
adsorption plays a dominant role. A11 has both photocatalytic and adsorption properties.
k11 = 0.02254 min−1, which can completely degrade MB within 2 h. The spherical structure
of h-MoO3 has the best photocatalytic performance.
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