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Abstract: Mg®" doped LaFeO, ultrafine powders were synthesized by solution combustion method. Effects of Mg*"

doping content on phase composition, microstructure and photocatalytic performances of the synthesized powders

were investigated by XRD, SEM, BET, and UV-Vis. The results show that Mg2+ substitutes for Fe** to form

LaFe,,Mg,0; (0=x<:0.2) limited solid solution. When Mg2+ doping content is 0.1, LaFe,oMg,;0; powder has a

maximum specific surface area (43.46 m’/g) and smaller particle size (100 nm and 150 nm in diameter and length di-

rection, respectively). It has the best photocatalytic ability with photodegradation efficiency of 75.2% to methyl orange

(10 mg/L) under high-pressure mercury lamp irradiation for 180 min. It increases 26.5% than that of the pure LaFeO; under

the same experimental conditions, and the reaction may be described as the pseudo first order kinetics equation.
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Rare-earth perovskite-type oxides have attracted wide
attention of domestic and overseas scholars because they
own unique properties, such as photocatalytic!"), piezo-
electric® and optical™, so they may be applied in the
field of sewage treatment''), sensors and electrode ma-
terials!®”! etc. Among many rare-earth perovskite-type
oxides, due to LaFeO; has special optical, electromag-
netic and catalytic properties, so it plays an important
role in many respects.

LaFeO; as photocatalyst has been reported as the candi-
date for the degradation of pollutants and hydrogen genera-
tion. Hu, et al'®synthesized LaFeO; powder by glucose
Sol-Gel method and investigated its photocatalytic ability to
p-chlorophenol degradation, and photocatalytic efficiency
reaches 49.0% under visible light irradiation for 300 min.
Moreover, Parida, et al®” synthesized nanocrystalline LaFeOs
for water decomposition by Sol-Gel auto-combustion
method. The result showed that the highest amount of H,
and O, evolved in 180 min over the LaFeOj; activated at 500°C
was recorded to 1290 pmol and 640 pmol, respectively.

At present, there are many kinds of methods for pre-
paration of ultrafine powder, such as Sol-Gel'*"), copre-
cipitation''?, hydrothermal® and combustion method!"*,
etc. Among the above preparation technologies, solution
combustion method is a new method for synthesis of
ultrafine powder. It has many advantages, such as low
synthesized temperature, simple process conditions,

easy-control preparation process, short reaction time, and
the synthesized powder with small and uniform particle
size!'""'%1. In order to improve photocatalytic efficiency
of semiconductor materials in the UV-Vis region, various
methods have been employed, such as metal and/or
non-metal ion doping!"!, noble metal deposition and
semiconductor coupling!'”), etc. Li, et al''l synthesized
Ca-doped LaFeO; powder by a reverse microemulsion
method, and the results showed that partial substitution
of La*" with Ca*" could decrease the crystalline size, so
photocatalytic activity is increased.

In this study, Mg®" doped LaFeO; ultrafine powers
were synthesized by solution combustion method. By
Mg** doped in LaFeOs, it may refine grain and increase
specific surface area of the synthesized powders. More-
over, oxygen vacancies were formed due to Mg”" instead
of Fe*', so promote separation of photoelectrons and
holes. Effects of Mg”" doping content on phase composi-
tion, microstructure and photocatalytic performances of
LaFe;,Mg,O3 (0<<x<:0.2) were investigated by means of
BET, XRD, SEM and UV-Vis, and preparation parame-
ters were optimized.

1 Experimental

1.1 Preparation of LaFe;\MgxOs
La(N03)3-6H20, Fe(NO3)3~9H20, Mg(N03)26H20 and
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sucrose (C;,H,01;) are of analytical grade, and are used
without further purification. According to the principle of
the propellant chemistry!">'®! assuming that CO,, H,O
and N, are the only gaseous products, combustion reac-
tion can be represented by Eq. (1). Various raw materials
were weighed according to stoichiometric ratio (see Eq.
(1)) and dissolved in deionized water. In precursor solu-
tion, La’* concentration is 0.3 mol/L, and Fe*" and Mg*"
concentration were determined by Eq. (1). A certain
volume of precursor solution was taken to a refractory
crucible and then placed in a furnace at 500°C. Subse-
quently, combustion reaction occurred, and the powders
were obtained after the completion of combustion reac-
tion. Finally, the powders were heat-treated at 900°C for

60 min.
La(NO;); +(1-x)Fe(NO;3); + XMg(NO3), +
5_XClezzOu +37X02 —enltine_, 0
15 55-11x 6—X

LaFe, Mg, 0; +—CO0, + =———H,0 +

1.2 Characterization
Phase compositions of the synthesized powders were
analyzed on a D8 Advance X diffractometer with Cu Ka

radiation (A = 0.15406 nm), and the step size was 0.03 °/s.

Specific surface area of the synthesized powders was
studied by BET (Brunauer- Emmett-Teller) method with
an ASAP-2020 automatic physical and chemical adsorp-
tion analyzer. A field emission SEM (JSM-6700F) was
used to investigate microstructures of the synthesized
powders.

Photodegradation experiments were performed in the
self-made device. Methyl orange solution (concentra-
tion 10 mg/L) was used as simulates degradable sub-
stance. Light source was high-pressure mercury lamp
(125 W, main wavelength 365 nm), and the distance
from the surface of solution to the light was about
10 cm. The synthesized powders (0.1 g) was poured
into 100 mL methyl orange solution and placed to the
reactor, stirred in darkroom for 30 min in order to
reach its adsorption and desorption equilibrium, then turned
on the mercury lamp. After that, a small amount of this so-
lution was taken for degradation analysis for each 30 min
and separated using centrifuge. Absorbance of the so-
lution was measured using spectrophotometer (detec-
tion wavelength 464 nm). The concentration of methyl
orange was calculated by absorbance, and degradation
efficiency was obtained by following formula (Eq.
)):

A=S0=C 100% )
CO

A — Degradation efficiency of methyl orange

Cy — Initial concentration of methyl orange

C— Concentration of methyl orange after degradation

2 Results and discussion

2.1 Phase evolution

Figure 1 shows XRD patterns of the synthesized pow-
ders with different Mg*" doping contents. It can be seen
from Fig. 1 that all patterns show LaFeO; characteristic
diffraction peaks (JCPDS 37-1493). These indicate that
LaFeOj; have been synthesized with perovskite structure.
Moreover, magnesium compounds do not appear in the
XRD patterns. This indicates that Mg?" enters the lattice
position of LaFeO; and forms solid solution of
LaFe, ., Mg,O;. This is because Mg** radius (r=0.072 nm)
is close to Fe*" radius (r=0.064 nm), Mg>" may replace
the position of F ¢*" in LaFeO;. Moreover, due to the va-
lence of Mg2+ and Fe*' is different, LaFe, ,Mg,O; is a kind
of limited solid solution''".

It also can be seen from Fig. 1 that the intensity of the
diffraction peaks are weakened and the half peaks width
widened with the increase of Mg*" doping content. This
is due to crystal lattice of LaFeO; occurs distortion with
Mg** doping, the degree of crystallization of the synthe-
sized powders is decreased.

2.2 Microstructure analysis and specific sur-

face area

SEM images of the synthesized powders with Mg**
different doping contents are shown in Fig. 2. It can be
seen from Fig. 2 that the powders show short rod-like
and average particle size becomes smaller both in the
length and the diameter direction with the increase of
Mg** doping content in LaFeOs. The pure LaFeO;, aver-
age particle size is 150 nm and 200 nm in the diameter
and length direction (Fig. 2(a)), respectively. When Mg**
doping content is 0.1 (x=0.1), average particle size of
LaFe( Mg 05 is reduced to 100 nm and 150 nm in the
diameter and length direction (Fig. 2(c)), respectively.
When Mg®" doping content is 0.2, average particle size
of LaFe( gMg(,0; is reduced to 80 nm and 120 nm in the
diameter and length direction (Fig. 2(d)),
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Fig. 1 XRD patterns of the synthesized powders with different
Mg*" doping contents
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Fig. 2 SEM images of LaFe, ,Mg,O; powders
(a) x=0; (b) x=0.05; (c) x=0.1; (d) x=0.2

respectively. In addition, it can also be seen from Fig. 2,
particle agglomeration of the synthesized powders is
greatly intensified with the increase of Mg”" doping con-
tent from 0.1 to 0.2. Due to Mg”" as a kind of impurity
added to LaFeOs, it may inhibit the crystal growth of
LaFeO;, so particle size decreases with the increase of
Mg*" doping content. Moreover, the synthesized powders
with smaller particle size cause agglomeration easily
during the heat-treatment.

Table 1 shows specific surface area of the synthesized
powders with Mg”" doping different content. It can be
seen from Table 1 that specific surface area of the pow-
ders gradually increases with the increase of Mg** dop-
ing content. When Mg®" doping content is 0.1, specific
surface area of the powders reaches maximum value of

43.46 mz/g, which is two times more than that of LaFeO;.

With the further increase of doping content from 0.1 to
0.2, specific surface area of the powders decreases. When
Mg®* doping content is 0.2, specific surface area of the
powders only is 28.82 m?%/g. With the increase of doping
content, it causes the decrease of average particle size of
the powders; at the same time, it also intensifies the par-
ticle agglomeration of the powders during the heat-
treatment (see Fig. 2). Therefore, a suitable doping con-
tent is very important to refine grain and increase spe-
cific surface area of the powers. The above analyses re-
sults for the synthesized powders about their microstruc-
ture, specific surface area and XRD are consistent.

Table 1  Specific surface area of the synthesized powders
with Mg?" different doping content
Mg** doping content, X

Specific surface area/(m*g")

x=0 20.63
x=0.05 24.52
x=0.1 43.46
x=0.15 33.57
x=0.2 28.82

2.3 Photocatalytic performances

Figure 3 shows photocatalytic performances of the
synthesized powders with Mg”" different doping content.
It can be seen from Fig. 3, for all the synthesized pow-
ders as photocatalyst, degradation efficiency of methyl
orange gradually increases with the increase of illumina-
tion time. These indicate that the synthesized powders
own photocatalytic ability. Moreover, it can also be seen
from Fig. 3, the powders with Mg®" different doping
content, photocatalytic ability is very different. With the
increase of Mg”" doping content in LaFeO;, photocata-
lytic ability of the synthesized powders first increases
and then decreases, and Mg>" doping content is 0.1, the
synthesized powder (LaFe;oMgy10;) owns the best
photocatalytic ability. When illumination time is 180 min,
degradation efficiency of methyl orange arrives at a
maximum value of 75.2%, and it is increased 54.4% than
that of LaFeOs.

The above experimental results can be explained as fol-
lows. Due to Mg®" doped in LaFeOs, it may refine grain,
and increases specific surface area of the synthesized pow-
ders, so that adsorption capacity of the powders to methyl
orange is increased. At the same time, smaller crystal size
also intensifies agglomeration of the powders during heat
treatment (see Fig. 2), so a suitable doping content is very
important to increase specific surface area of the powers.
Moreover, due to chemical valence between Mg”* and Fe’

is different, this causes oxygen vacancies (V, ) in
LaFe;Mg,O; (see Eq. 3)!'"), and they may capture photo-
electrons and promote separation of photoelectrons and
holes. Therefore, photocatalytic ability of the powders is
increased. However, when doping content is too high, the
dopant may act as an electron-hole recombination center
and decrease photocatalytic activity!'™.
2MgO—% 5 oMg, + V. +20, (3)
Li, et al''” synthesized LaCoOs ultrafine particle by
template method, and photocatalytic test result shows
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Fig. 3 Photocatalytic performance of the synthesized powders
with different Mg®* doping contents
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that photodegradation efficiency of methyl orange
(10 mg/L) is less than 10% under UV lamp irradiation
for 180 min. By comparing the results of two experi-
ments, the as-synthesized LaFeO; or Mg** doped LaFeOs
has higher photocatalytic ability. It attributes to high

specific surface area and oxygen vacancies (V, ) of Mg**

doped LaFeO;.

In order to study on photocatalytic reactive kinetics of
the synthesized powders to methyl orange, some data
processed are shown in Fig. 4. It can be seen from Fig. 4
that there is a good linear relationship between In(Cy/Cy)
and time (t) , and correlation coefficient R? is nearly
equal to 1 (see Table 2). These indicate that photocata-
lytic reaction accords with the pseudo first order kinetics
equation.

Moreover, according to Langmuir-Hinshelwood (L-H)

kinetic model theory®”

, photocatalytic kinetic reaction
and rate constant can be obtained from Fig. 4, and they
are shown in Table 2. The synthesized powders with
Mg*" different doping content have different reactive rate
constants (k) to degrade methyl orange. LaFe;oMgo 103
(x=0.1) owns the highest k value, so it has the best
photocatalytic ability to methyl orange; LaFeO3; owns the
lowest k value, so it has the lowest photocatalytic ability
to methyl orange. Therefore, they are consistent with
photocatalytic results (see Fig. 3).

3 Conclusions

LaFe;,Mg,0O3; (0<<x<<0.2) ultrafine powders were
synthesized by solution combustion method. Mg*" doped
in LaFeO; may forms solid solution, so it refine grain

and increase specific surface area. Moreover, oxygen
vacancies are formed in LaFe; MgO;, wlich may pro-
mote separation of photoelectrons and holes. Therefore,
these increase photocatalytic ability of the synthesized
powders to methyl orange.

A suitable Mg”" doping content in LaFeOs is the key
to refining grain and decreasing particle agglomeration
of the synthesized powders. Under the experimental con-
ditions, when Mg2+ doping content is 0.1, LaFe; Mgy 10;
owns the highest specific surface area of 43.46 m*/g and
smaller particle size (100 nm and 150 nm in the diameter
and length direction, respectively.). Therefore, it has the
highest photocatalytic ability and degradation efficiency
of methyl orange reaches 75.2% under the high-pressure
mercury lamp irradiation for 180 min, and reaction may
be described as the pseudo first order kinetics equation.
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Fig. 4 Relationship between In(Cy/C,) and degradation time (t)
of methyl orange with the synthesized LaFe, ,Mg,O; at different
amount of Mg”* doping

Table 2 Reaction equations and rate constant values for the degradation of methyl orange with the synthesized LaFe; ,Mg,O3
at different Mg?* doping contents

Doping content, X Kinetic equation

Rate constant, k/min’! Correlation coefficient, R

0 In(Cy/Cy)=0.00587t+0.914 0.00587 0.9956

0.05 In(Cy/Cy)=0.00877t+0.83733 0.00877 0.9921

0.1 In(Cy/Cy)=0.0186t+0.78533 0.01860 0.9864

0.15 In(Cy/Cy)=0.01449t+0.87067 0.01449 0.9935

0.2 In(Cy/Cy)=0.01084t+0.97533 0.01084 0.9947
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