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a b s t r a c t
Fe-doped cerium oxide (CeO2) hollow microspheres were successfully synthesized by a simple coprecipitation route using yeast as a bio-template and nitrate as the oxide precursor. The products were
characterized by scanning electron microscopy, X-ray diffraction, X-ray photoelectron spectroscopy, N2
adsorption–desorption isotherms and UV–Vis diffuse reflectance spectroscopy. It was found that the
products had a well-defined ellipsoidal morphology and the size of the hollow microspheres was about
1.5–2.5 lm. The formation mechanism of Fe-doped CeO2 hollow microspheres was proposed and discussed as well. The photocatalytic test results showed that the Fe-doped CeO2 hollow microspheres
exhibited a higher photocatalytic activity in the degradation of acid orange 7 (AO7) aqueous solutions
containing H2O2 under visible irradiation compared with CeO2 hollow microspheres and Fe-doped
CeO2 nanoparticles, which was attributed to their more oxygen vacancies, higher specific surface area
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and lower band gap. The degradation rate of the Fe-doped CeO2 hollow microspheres was found to be 93%
after 80 min and the degradation reaction followed pseudo-first-order kinetics.
Ó 2017 Published by Elsevier Inc.

1. Introduction
Doped cerium oxides have been intensively studied over the
past years because of their high thermal stability, oxygen storage
capacity and catalytic activity. The properties of doped cerium oxides are closely related to their defect chemistry [1,2], which is
mainly determined by the size, charge and concentration of the
dopant cations. Doped cerium oxides have been reported for many
applications such as photocatalysis [3,4], fuel cell [5,6], CO preferential oxidation [7,8], water gas shift reaction [9,10], partial oxidation of methane [11,12], and many others. Zr, Fe, Cu, Zn and Eu
have been widely used as elements to dope ceria [13–17]. Among
these, Fe can greatly increase the oxygen interchange capacity
compared with other metal elements, because of the synergistic
fenton and other reactions between the redox couple of the cerium
(Ce4+/Ce3+) and iron (Fe3+/Fe2+) cations. Therefore, Fe-doped ceria
system has received intense research interests in recent years.
Dyes are one of the major pollutants for water pollution [18–
21], efficient dyes elimination is thus of great significance. Previous
works demonstrated that Fe-doped ceria is an active photocatalyst
for dyes degradation. For example, Pradhan et al. [22] synthesized
iron-cerium mixed oxides by co-precipitation method and evaluated the solar light driven photocatalytic activity towards methylene blue, Congo red and phenol degradation. The results showed
that 50% Fe-doping cerium oxides gave the highest degradation
rate for all the tested dyes. Wandong et al. [14] prepared Fedoped ceria materials of different doping amounts by hydrothermal method and demonstrated that the low doping amount of
Fe3+ could effectively improve the concentration of Ce3+ and
enhanced the degradation ability of AO7. Channei et al. [23] synthesized Fe-doped CeO2 film by homogeneous precipitation and
impregnation methods and evidenced that the optimal photocatalytic degradation of methyl orange under visible irradiation was
achieved by 1.50 mol% Fe-doped CeO2 film.
Fe-doped ceria materials have been synthesized by various
techniques, including hydrothermal processes [3,24,25], coprecipitation [26–28], template method [29–31] and sol gel technique [32,33]. Among these, the template method has obvious
advantages, such as easy control of morphology and facile synthesis conditions. However, the template synthesis of Fe-doped ceria
materials has been rarely reported in previous studies. The yeasttemplating method provides an economic, green, and convenient
strategy compared with the traditional template-directed method.
The cell wall of yeast primarily consists of glucan and mannan,
which are rich in reactive functional groups, such as acid amides,
hydroxyls and carbonyls [34–36], enabling the stabilization of
the produced nanoparticles [37–40]. Currently, ZrO2, Fe2O3, CeO2,
Co3O4 and SnO2 [41–45] have been successfully synthesized using
yeast templates, but Fe-doped CeO2 hollow microspheres as photocatalyst prepared by yeast-templating method have not been
reported.
In this work, Fe-doped CeO2 hollow microspheres with high
specific surface area and good thermal stability were prepared by
a simple co-precipitation route using yeast as a bio-template. The
photocatalytic performance was tested by measuring the decompositions of the AO7 aqueous solutions containing H2O2 under visible irradiation. Compared with CeO2 hollow microspheres and Fedoped CeO2 nanoparticles, the Fe-doped CeO2 hollow microspheres
exhibit a higher photocatalytic degradation rate in degrading dye

stuff under visible irradiation. The enhancement mechanism was
proposed as well.
2. Experimental
2.1. Materials
Yeast powders were provided by Angel yeast Co. Ltd. Ce(NO3)36H2O, Fe(NO3)39H2O, NaOH, C2H6O and H2O2 (30%) were obtained
from Kermel reagent Co. Ltd. (Tianjin China). AO7 was purchased
from Shanghai Chemical Reagent Co. Ltd. (Shanghai, China). All
the reagents were of analytical grade and used without any further
purification. Distilled water was used throughout the experiments.
2.2. Synthesis of Fe-doped CeO2 hollow microspheres
In a typical process, 1.0 g yeast powders were washed with
absolute ethanol and distilled water for three times. The washed
yeast was dispersed into 20 mL distilled water and was mechanically stirred thoroughly at ambient temperature. 20 mL mixed salt
solution (1.0 g Ce(NO3)36H2O and 0.01 g Fe(NO3)39H2O) was
added to the above solution under stirring and kept stirring for
one hour. Then, a solution (0.2 g NaOH in 10 mL distilled water)
was added dropwise to the mixture under further stirring for 1 h.
The mixture was aged at ambient temperature for 12 h. The precipitate was collected by centrifugation, and washed twice with distilled water and once with ethanol. Then, the precipitate was
dried at 80 °C for 6 h. Finally, the Fe-doped CeO2 hollow microspheres were obtained by calcining from room temperature to
600 °C with a heating rate of 1 °C min1 and maintaining at
600 °C for 2 h. Similarly, CeO2 hollow microspheres, and Fedoped CeO2 nanoparticles without templates were prepared by
the same method for the comparison of photocatalytic
performance.
2.3. Characterization
The morphologies and elemental analysis of the prepared products were examined by a scanning electron microscopy (SEM, SU70, Hitachi, Japan) fitted with an energy dispersive spectrometer
(EDS) at an acceleration voltage of 30 kV. The crystal structures
of the samples were analyzed by X-ray diffraction (XRD, ultima
IV, Rigaku, Japan) with Cu Ka radiation (k = 0.15418 nm) at a scanning rate of 8°/min in 2h range from 20° to 80°. X-ray photoelectron spectroscopy (XPS) measurements were determined with an
X-ray spectrometer Ka (Thermo Scientific, USA). The specific surface area of the samples was measured using a surface area analyzer (BET, Tristar II 3020, Micromeritics, America) at liquid
nitrogen temperature (77 K) after the products were vacuum treated at 120 °C for 5 h. The UV–Vis diffuse reflectance spectra of the
products were recorded on a UV–2550 UV–Vis spectrophotometer
(UV–Vis DRS, UH4150, Hitachi, Japan).
2.4. Photocatalytic activity test
The photocatalytic activity was evaluated by measuring the
decomposition of the AO7 aqueous solutions containing H2O2
under visible irradiation. In a typical visible irradiation degradation
experiment, 20 mg catalyst powders were dispersed in 50 mL AO7
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aqueous solution (20 mgL1). The suspensions were magnetically
stirred in dark for 1 h to reach adsorption equilibrium, then H2O2
solution was added to reach a concentration of 1 mmolL1, the
mixture was transferred to the photochemical reactor under irradiation of sun-light (Xe lamp, 14 V, 15 A, 3201100 nm). At certain
time intervals, 2 mL solution was taken out and immediately centrifuged. The AO7 supernatant absorbance was measured by UH4150 UV–visible adsorption spectrophotometer (wavelength is
484 nm).
3. Results and discussion
3.1. SEM and EDS analysis
Fig. 1A shows the SEM image of Fe-doped CeO2 nanoparticles
after calcination, the sample is observed to be irregular and
agglomerated. The SEM image of the primitive yeast cells, Fig. 1B,
illustrates that the original yeast cells are approximately spherical
or ellipsoid with the diameter ranging from 3.0 to 4.5 lm and have
a good dispersity. The Fe-doped CeO2 hollow microspheres before
calcination (Fig. 1D) inherit the ellipsoidal morphology of primitive
yeast cells, and an increasement in particle size (ca. 0.5 lm) is
observed, indicating that the Ce(OH)3 and Fe(OH)3 particles were
coated on the surface of the yeast cell walls. After calcination treatment, the obtained CeO2 hollow microspheres (Fig. 1C) and Fedoped CeO2 hollow microspheres (Fig. 1E–H) still retain the morphology of yeast cells, but the size of the above two samples is
reduced to ca. 1.5–2.5 lm. The shrinkage of the samples is attributed to the removal of yeasts during heat treatment. And the sample is not significantly damaged during the calcination process,
indicating the good thermal stability of CeO2 hollow microspheres
and Fe-doped CeO2 hollow microspheres. Fig. 1G exhibits a
surface-concave Fe-doped CeO2 microsphere, which demonstrates
that the as-prepared Fe-doped CeO2 particles are hollow spheres.
The surfaces of as-synthesized Fe-doped CeO2 microspheres
(Fig. 1H) are observed to be constructed by many nanoparticles.
EDS spectra of Fe-doped CeO2 hollow microspheres after calcination (Fig. 1I) evidence the presence of Fe, Ce, C, O and Pt elements.
Fe and Ce derived from the Fe-doped CeO2 hollow microspheres; C
resulted from the yeast cell; O was partly from the Fe-doped CeO2
hollow microspheres and partly from the yeast cell; Pt was
assumed to derive from the metal spraying process before SEM
studies. No other elements were detected, indicating that Fedoped CeO2 hollow microspheres were free of impurity.
3.2. XRD analysis
Fig. 2A shows the XRD patterns of Fe-doped CeO2 nanoparticles
(a), CeO2 hollow microspheres (b), and Fe-doped CeO2 hollow
microspheres (c). The XRD patterns show that all diffraction peaks
of the as-prepared samples matched well with the powder diffraction data for CeO2 (JCPDS card No. 34-0394), no extra XRD peaks
arising from the iron oxide or other impurities are observed. The
broadness of the diffraction peaks relates to a decrease in the crystallite size, the crystallite size of as-prepared samples is estimated
by Scherrer formula (1) [46]:

D ¼ 0:89k=b cos h

ð1Þ

where k is the X-ray wavelength, 1.5418 Å (Cu Ka), b is X-ray halfwidth height (FWHM) and h is the diffraction angle. The mean crystallite size of Fe-doped CeO2 hollow microspheres estimated by
Scherrer formula from its XRD patterns is 8 nm (D111), whereas
those of Fe-doped CeO2 nanoparticles and CeO2 hollow microspheres are 14 and 9 nm, respectively. This further indicates that
the obtained microspheres are made of many nanoparticle building
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blocks. Thus, the diffraction peaks of Fe-doped CeO2 hollow microspheres are looked relatively wider. In addition, it is noted that the
CeO2 characteristic peaks in the Fe-doped CeO2 hollow microspheres shift to higher 2h positions (see the enlarged section in
Fig. 2B). This phenomenon is associated with the variations in lattice parameters [47,48]. In order to better understand, the mean
parameter of the ceria lattice has been calculated on the basis of
the XRD peak of crystal plane. The lattice parameter of the Fedoped CeO2 hollow microspheres (0.5396 nm) is a little smaller
than that of the Fe-doped CeO2 nanoparticles (0.5404 nm) and
CeO2 hollow microspheres (0.5410 nm). It indicates that Fe3+
cations have been successfully incorporated into the ceria lattice
and result in a contraction of the cell parameter, which in turn leads
to the occurrence of this phenomenon in Fig. 2B.
3.3. XPS analysis
Fig. 3 shows the Ce 3d (Fig.3A), O 1s (Fig. 3B), and Fe 2p (Fig. 3C)
spectra of the Fe-doped CeO2 nanoparticles, CeO2 hollow microspheres and Fe-doped CeO2 hollow microspheres. In the Ce 3d
spectra, the peaks labeled v and u refer to the 3d5/2 and 3d3/2 spin
orbit components, respectively. The peaks labeled v, v’’, v’’’, u, u’’,
u’’’ can be assigned to Ce4+ and v’, u’ to Ce3+ [49]. The relative concentration of Ce3+ and Ce4+ can be obtained by calculating the integrated areas under the curve of each deconvoluted peaks [50], and
the result is summarized in Table 1. As given in Table 1, the Fedoped CeO2 hollow microspheres show a relatively higher proportion of Ce3+. In the O 1 s spectra, there are two main peaks labeled
OI and OII. Generally, the former represents bulk oxygen (O2),
while the latter corresponds to various surface oxygen species
(O2
2 ), which are known to be related to the activity of oxidization
[51,52]. The calculated relative concentration of oxygen species is
also shown in Table 1. Compared with the Fe-doped CeO2 nanoparticles and CeO2 hollow microspheres, the relative concentration of
O2
2 is higher in Fe-doped CeO2 hollow microspheres. This result is
consistent with the concentration of Ce3+. The main reason is that
when Fe3+ ions are incorporated within CeO2, the introduced Ce3+
and oxygen vacancies are necessary to increase for charge compensation [53]. In the Fe 2p spectra, no obvious peaks of Fe 2p can be
observed, indicative of low Fe3+ content.
Two mechanisms have been proposed about the concentration
of oxygen vacancies for the metal ion doping in the CeO2, the
vacancy compensation [14] and interstitial compensation mechanism [54]. For the small Fe3+ doping amount, the vacancy compensation mechanism [14] is the dominant factor to change the
concentration of oxygen vacancy. Therefore, the increased concentration of oxygen vacancies in this paper should be attributed to
the vacancy compensation mechanism [14]. As shown in Fig. 4,
besides the own inherent oxygen vacancy in the CeO2 (mode 1),
there are two additional kinds of oxygen vacancies: (i) one Ce4+
cation is replaced by an Fe3+ cation, which reduces the adjacent
Ce4+ cations to Ce3+ cations, resulting in the formation of the oxygen vacancy (mode 2). (ii) one oxygen vacancy (mode 3) is established to balance the charge when two adjacent Ce4+ cations are
replaced by two Fe3+ cations. It can be seen from Fig. 4 that when
low-content Fe3+ are doped into the CeO2 lattice, the concentration
of oxygen vacancies and Ce3+ cations will increase together.
3.4. BET surface area analysis
Fig. 5 presents the nitrogen adsorption-desorption isotherms of
Fe-doped CeO2 nanoparticles (Fig. 5A), CeO2 hollow microspheres
(Fig. 5B) and Fe-doped CeO2 hollow microspheres (Fig. 5C). According to the IUPAC classification, the isotherms of samples can be
classified as a type IV isotherm, which is a typical characteristic
of the mesoporous materials [43]. The BET specific surface area
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Fig. 1. SEM images of Fe-doped CeO2 nanoparticles (A), yeast template (B), CeO2 hollow microspheres (C), Fe-doped CeO2 hollow microspheres before (D) and after (E, F, G, H)
calcination, EDS spectra of Fe-doped CeO2 hollow microspheres (I).
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Fig. 2. XRD patterns (A, B) of Fe-doped CeO2 nanoparticles (a), CeO2 hollow microspheres (b) and Fe-doped CeO2 hollow microspheres (c).

Fig. 3. XPS spectra of Ce 3d (A), O 1s (B), and Fe 2p (C) of different samples: Fe-doped CeO2 nanoparticles (a), CeO2 hollow microspheres (b) and Fe-doped CeO2 hollow
microspheres (c).

Table 1
Surface compositions and oxidation states of O and Ce species by XPS analysis.
Samples

Fe-doped CeO2 nanoparticles
CeO2 hollow microspheres
Fe-doped CeO2 hollow microspheres

O species/%

Ce species/%

O22

O2

Ce3+

Ce4+

27.12
58.72
73.93

72.88
41.28
26.07

9.04
23.11
31.03

90.96
76.89
68.97

Fig. 4. Different kinds of oxygen vacancies in Fe-doped CeO2 hollow microspheres.

of the Fe-doped CeO2 hollow microspheres is 43.49 m2/g, which is
much higher than that of the Fe-doped CeO2 nanoparticles (25.08
m2/g) and CeO2 hollow microspheres (30.55 m2/g). The main rea-

sons are that: (1) the use of yeast template enables a hollow structure, leading to an increased specific surface area; (2) the
substitution of Ce cations with smaller Fe cations results in a
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Fig. 5. Nitrogen adsorption-desorption isotherms of Fe-doped CeO2 nanoparticles (A), CeO2 hollow microspheres (B) and Fe-doped CeO2 hollow microspheres (C).

decrease of particle size, thereby increasing the specific surface
area of the sample.

3.5. UV–Vis diffuse reflectance spectra analysis
Fig. 6A shows the UV–Vis absorption spectra of the as-prepared
samples. As can be seen from Fig. 6A, compared with Fe-doped
CeO2 nanoparticles and CeO2 hollow microspheres, the UV–Vis
spectra of Fe-doped CeO2 hollow microspheres show distinctly
higher absorptions in the UV and visible regions. Using absorption
spectrum data, the band gap of the prepared samples can be estimated using Eq. (2) [3]:

ðAhv Þ ¼ Kðhv  Eg Þ
2

ð2Þ

where A is the absorption coefficient, hm is the photon energy, Eg is
the band gap energy for direct transitions, and K is a proportionality
constant. The normalized graphs of (Ahm)2 for the photon energy of
the as-prepared samples are shown in Fig. 6B. The band gap energy
of Fe-doped CeO2 hollow microspheres is about 3.10 eV. Compared
with the Fe-doped CeO2 nanoparticles (Eg = 3.37 eV) and CeO2 hollow microspheres (Eg = 3.21 eV), the decrease in the band gap
energy of Fe-doped CeO2 hollow microspheres may be attributed
to the formation of impurity energy level caused by Fe-doping or
defects created by yeasts and Fe ions, which is also observed in
other studies [43,55]. The intrinsic band gap favors an easier excitation under visible light region, leading to an enhanced photocatalytic performance.

3.6. Formation mechanism
The mechanism for the formation of Fe-doped CeO2 hollow
microspheres is proposed in Fig. 7. The whole process can be
described as follows: (i) The yeast is a single-cell eukaryotic
microorganism with a high rate of reproduction, the wall of the living cell of yeasts can prevent inorganic salt or ions from entering
the interior of the cells. (ii) There are many reactive functional
groups on the cell wall of yeast, such as acid amides, hydroxyls
and carbonyls [34–36]. Therefore, Ce3+ cation and Fe3+ cation can
be absorbed onto the cell wall through coordination or electrostatic attractions. These groups not only have interaction with
crystal element but also guide nucleation, growth and crystallization of Fe-doped CeO2 crystals. (iii) Ce(OH)3 and Fe(OH)3 were
formed on the cell walls of yeast after adding NaOH. After that,
the sample was dried at 80 °C. At this time, the yeast cell was dead.
Then, free water was evaporated and the hydration water in the
inner cell was also escaped. Other compositions (such as cell
nucleus, mitochondria, etc.) are attached to the inner wall of the
yeast to keep the original shape of the yeast. (iv) Finally, after calcination at 600 °C, the organic matters in the yeast were removed,
and Ce(OH)3, Fe(OH)3@yeast microspheres were converted to Fedoped CeO2 hollow microspheres.
3.7. Photocatalytic activity
Fig. 8 shows the photocatalytic activity of Fe-doped CeO2 hollow microspheres toward the degradation of AO7 with the presence of various concentrations of H2O2. As observed, the highest

Fig. 6. UV–vis adsorption spectra (A) of Fe-doped CeO2 nanoparticles, CeO2 hollow microspheres and Fe-doped CeO2 hollow microspheres, and the plotting of (Ahm)2 vs. hm
based on the direct transition (B).
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Fig. 7. Schematic illustration of proposed formation mechanism of Fe-doped CeO2 hollow microspheres.

Fig. 8. Degradation efficiency of AO7 aqueous solution under different concentrations of H2O2.

degradation rate is achieved at a H2O2 concentration of
1 mmolL1, while 0 mmolL1 H2O2 gives the minimum degradation rate of AO7. On the other hand, the degradation of AO7 is relatively quicker in the initial phase but then significantly slows
down and even stops (see that with 5 mmolL1 and 10 mmolL1

H2O2) with a higher concentration of H2O2, this phenomenon is
explained in conjunction with Fig. 9. As shown in Fig. 9, after dark
reaction, the adsorption-desorption equilibrium of AO7 is established on the surface of CeO2. The subsequent addition of H2O2
induces a competitive adsorption between AO7 and H2O2, which
induces partial desorption and a simultaneous degradation of
adsorbed AO7. H2O2 with a higher concentration results in a
quicker desorption as well as a larger degradation for AO7. However, as the reaction progresses, it also leads to overcomplexation between CeO2 and H2O2, which hinders further
degradation of AO7 [56].
The photocatalytic activity tests were therefore conducted in
AO7 aqueous solutions containing 1 mmolL1 H2O2 under visible
irradiation. And the time-dependent UV–Vis absorption spectra
of AO7 with the use of different catalysts are shown in Fig. 10A–
D. The degradation rate of the AO7 aqueous solutions containing
H2O2 was more than 93% under visible irradiation in 80 min using
the Fe-doped CeO2 hollow microspheres as photocatalysts
(Fig. 10D). The digital photo (Fig. 10D, inset) shows that after
80 min, AO7 aqueous solution was entirely decolorized, suggesting
the excellent photocatalytic activity of Fe-doped CeO2 hollow
microspheres. In sharp contrast, AO7 degradation rate of only
64%, 81% and 9% was observed for degradation reaction catalyzed
by Fe-doped CeO2 nanoparticles, CeO2 hollow microspheres as
photocatalyst and without photocatalyst under the same experimental conditions, respectively, as shown in Fig. 10E.

Fig. 9. Catalytic oxidation mechanism in the Fe/CeO2/H2O2 system.
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Fig. 10. Photocatalytic degradation of the AO7 aqueous solutions containing H2O2 under different conditions: AO7 blank (A), adding Fe-doped CeO2 nanoparticles (B), adding
CeO2 hollow microspheres (C), adding Fe-doped CeO2 hollow microspheres (D); the degradation efficiency at different irradiation times (E) and the photodegradation kinetic
curves(F): AO7 (a), Fe-doped CeO2 nanoparticles (b), CeO2 hollow microspheres (c) and Fe-doped CeO2 hollow microspheres (d).

In order to better understand the photocatalytic efficiency of
the as-prepared samples, the photocatalytic degradation kinetics
of AO7 was also investigated. The photocatalytic degradation process fits well with pseudo-first-order kinetics as shown in Eq. (3)
[57]:

lnðC 0 =CÞ ¼ kt

ð3Þ

where k is the first-order apparent rate constant and t is the light
irradiation time. The value of apparent rate constant k calculated
from corresponding slope of the pseudo-first-order linear simulation curve is shown in the Fig. 10F. It is observed that the k value
of Fe-doped CeO2 hollow microspheres (0.03381 min1) is much
larger than that of Fe-doped CeO2 nanoparticles (0.01279 min1),
CeO2 hollow microspheres (0.02109 min1) and the selfdegradation of the AO7 aqueous solutions containing H2O2
(0.00122 min1). Compared with CeO2 hollow microspheres and

Fe-doped CeO2 nanoparticles, Fe-doped CeO2 hollow microspheres
exhibit a higher photocatalytic degradation rate in degrading AO7
aqueous solutions containing H2O2 under visible irradiation due
to their more oxygen vacancies, higher specific surface area and
lower band gap. As the Fe-doped CeO2 hollow microspheres display
a larger specific surface area (BET analysis) and more oxygen vacancies (XPS analysis), it possesses more active sites on the surface for
binding of substrate, which can effectively enhance the photocatalytic activity of the catalyst.

4. Conclusion
In summary, Fe-doped CeO2 hollow microspheres were successfully synthesized by a simple co-precipitation route using yeast as
a bio-template and nitrate as the oxide precursor. This was the first
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report on the use of bio-templates to synthesize Fe-doped ceria
materials. Compared with previous studies, the presented preparation method was simple and the product morphology was controllable. The as-prepared Fe-doped CeO2 hollow microspheres had a
well-defined ellipsoidal morphology and uniform diameters of
1.5–2.5 lm. The possible formation mechanism of Fe-doped CeO2
hollow microspheres involved the interaction between Ce3+, Fe3+and the inherent functional groups on the cell walls of yeast. Compared to CeO2 hollow microspheres and Fe-doped CeO2
nanoparticles, Fe-doped CeO2 hollow microspheres exhibited a
higher photocatalytic performance in degrading AO7 aqueous solutions containing H2O2 under visible irradiation due to their more
oxygen vacancies, higher specific surface area and lower band
gap. The degradation rate of the Fe-doped CeO2 hollow microspheres was found to be 93% after 80 min and the degradation
reaction followed pseudo-first-order kinetics. In addition, this
bio-template strategy could be generally extended to the preparation of other composite oxide hollow microspheres.
References
[1] W. Yu, J. Zhu, L. Qi, C. Sun, F. Gao, L. Dong, Y. Chen, J. Colloid Interface Sci. 364
(2011) 435–442.
[2] B. Chen, Z. Zhu, Y. Guo, Y. Qiu, J. Zhao, J. Colloid Interface Sci. 398 (2013) 142–
151.
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