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ABSTRACT: In this study, a series of LaCoO3 perovskite catalysts with varying calcination 

temperatures were synthesized hydrothermally, and their structure, morphology, and optical properties  

were investigated using X-Ray powder Diffraction (XRD), Scanning Electron Microscopy (SEM),  

Fourier transform infrared spectroscopy (FT-IR), X-ray electron spectroscopy analysis (XPS), 

Magnetic Property Measurement System (MPMS), and other characterization techniques. Using 

phenol as the target degradation product, the photocatalytic degradation reaction was carried out  

in the presence of visible light. In addition, the photocatalytic mechanism of LaCoO3 perovskite  

was also discussed. The experimental results showed that the LaCoO3 perovskite catalyst has been prepared 

with good crystallization. The particle size of the catalysts ranged from 10 to 40 nm, and the specific 

surface area decreased with calcination depth. Moreover, all the LaCoO3 catalysts showed strong 

paramagnetism, and the particles were regularly agglomerated under the action of magnetic force. 

LaCoO3 catalyst (the calcination temperature of 750 °C) exhibited high photocatalytic activity.  

In addition, the study of photocatalytic mechanisms revealed three degradation pathways 

 for degrading phenol into inorganic small molecules such as CO2 and H2O via highly active HO•, 

HO2•, and h+ radicals. 
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INTRODUCTION 

Phenol, as an essential chemical material, is widely 

utilized in different industries of leather, petroleum, 

chemical and pharmaceutical [1-2]. And approximately 

700 million tons of phenol is produced every year. Phenol 

is one of the most toxic organic pollutants and has been 

listed in the US EPA priority list of hazardous substances 

discarded into the aquatic environment [3-6]. The 

discharge of phenolic wastewater not only limits plant 

growth, but also pollutes the ecological environment, and 

further affects the survival and health of the human [7-10]. 

Therefore, an efficient treatment is urgently needed for the 

degradation of phenolic wastewater. 

At present, there are many methods for the degradation 

of phenol in the organic wastewater [11-18]. Leitao et al. 

found that the halotolerant strain penicillium chrysogenum 

had a good degradation effect on phenol [12]. Li et al. 

studied the degradation of phenol with macroporous resin 

and provided theoretical reference for the practical 

application of phenolic wastewater treatment [13]. Luo et al. 

degraded phenol using the diaphragm electrolysis device. 

Also the phenol removal rate could reach 100% after  

40 min under the optimal conditions [14]. Compared with 

the above methods, photocatalytic degradation has become 

a preferred method for the degradation of phenol due to its 

many advantages, such as rapid degradation rate, low cost, 

no secondary pollution and strong oxidation capacity. 

However the conventional photocatalysts such as TiO2 

just could be stimulated under UV light and only used 

about 4% of the solar energy [19-21]. Therefore, it is 

necessary to research and develop visible-light-induced 

photocatalysts for the degradation of phenol. 

Perovskite oxide semiconductors (ABO3) have been 

demonstrated as promising photocatalysts due to their 

strong solar energy (visible light) absorption and high 

quantum efficiency [22]. The lanthanum (La) based 

materials have higher carbonaceous oxidation activity. 

The cobalt (Co) contained perovskite exhibits better 

catalytic activity due to its high electrical and ionic 

conductivities and its excellent electrochemical properties 

[23]. Hence, LaCoO3 perovskite catalysts have aroused 

considerable attention, and are considered as attractive and 

efficient visible-light-induced photocatalyst for the removal 

of organic pollutants in water due to the advantages of 

stability, low cost, non-toxicity, and environmental 

friendliness.  

Recently, there were many studies about the 

photocatalytic activity of LaCoO3 perovskite catalyt  

[24-32]. Sun et al reported that the photocatalytic activity 

of LaCoO3 have associated with the reducibility of Co3+ to 

some extent, and LaCoO3 could be reused in recycle dye 

degradation when the calcination temperature was 800 °C 

[24]. Jung and co-workers discovered that the LaCoO3 

catalyst prepared using microwave-assisted method 

showed the high activity in the decomposition of methyl 

orange [25]. Gao et al prepared perovskite-type LaCoO3 

catalyst by hydrothermal method and studied its 

photocatalytic activity for the degradation of semi-coking 

waste water. The optimum reaction conditions were the 

amount of H2O2 was 3 mL, the mass of the catalyst was  

0.2 g, pH was 4 and the reaction temperature was 25 °C. 

The COD removal rate of semi-coking waste water reached 

72.7% under the optimum reaction conditions [26]. Li et al 

studied the influencing factors for the degradation of 

malachite green with LaCoO3 as catalyst through changing 

the reaction time, the amount of catalyst, the initial 

concentration of raw materials and the pH of the solution. 

And the results showed that the photocatalytic activity of 

LaCoO3 was high and the degradation rate of malachite 

green was up to 90.1% with 0.15 g catalyst in 100 mL,  

10 mg/L malachite green degradation for 2 h [27]. From 

the above reaction results, it can be found that LaCoO3 

perovskite catalyst have indeed application in the 

photocatalytic degradation. However, there are few reports 

about the research of LaCoO3 on its photocatalytic activity 

for the degradation of phenol under visible light. 

In this study, a series of LaCoO3 perovskite catalysts 

were synthesized with different calcination temperature by 

hydrothermal method and the physicochemical properties 

of synthesized samples were characterized by XRD, SEM, 

TEM, FT-IR, N2 adsorption-desorption, XPS and so on. 

Furthermore, the photocatalytic degradation of phenol was 

also studied under visible light. Moreover, a possible 

photocatalytic mechanism was proposed. 

 

EXPERIMENATAL SECTION 

Materials 

Lanthanum nitrate (La(NO)3·6H2O, AR, 99%),  

cobalt nitrate(Co(NO)3·6H2O, AR, 99%), phenol(AR), 

citric acid (AR, ≥99.5), ammonia(AR, 25%), ethanol (AR, 

≥99.7). The phenol solution was prepared into distilled 

water. 
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Catalyst preparation 

A series of LaCoO3 perovskite catalysts with varying 

calcination temperatures were synthesized by 

hydrothermal method [33] as displayed in Fig. 1. Firstly, 

La(NO3)3·6H2O, Co(NO3)2·6H2O and Citric acid  

were accurately weighed with composition of 1 

La(NO3)3·6H2O: 1 Co(NO3)2·6H2O: 1 Citric acid, and 

dissolved in 80mL deionized water. Then, the solution was 

placed on a magnetic stirrer, and the pH value of the 

solution was adjusted to about 8.5 with ammonia water 

while stirring, so that the metal ions could completely 

precipitate. The mixture was poured into a teflon stainless 

steel reactor and reacted in an oven at 150 °C for 20h. 

Centrifuge was used to filter the supernatant, and the 

mixture was washed with deionized water and ethanol 

several times, respectively. The powder was dried in an 

oven at 120 °C, and after grinding, the powder was pre-

burned for 2 hours at 550 °C, 650 °C, 750 °C and 850 °C 

respectively in a box-type resistance furnace. Finally, the 

sample of powder LaCoO3 was obtained. The synthesized 

LaCoO3 catalyst is named LCO-550, LCO-650, LCO-750 

and LCO-850 respectively according to different 

calcination temperature. 

 

Catalyst characterization 

X-ray powder diffraction (XRD) analysis was carried 

out on D/max-2500 X-ray diffractometer of Rigaku 

company in Japan. Diffraction patterns were recorded with 

Cu Ka radiation at 40 kV and 100 mA in the scan range 

between 5o and 90o to identify the phase structure of the 

sample. The data was automatically collected by the 

computer. 

Scanning electron microscopy (SEM) was performed 

with a LEO-435VP scanning electron microscopy 

operated at 20 kV and 50 PA equipped with energy-

dispersive spectrometer (EDS) was used to examine the 

properties of prepared samples, including the surface 

morphology, the elements and the composition of the 

prepared samples. 

High-resolution transmission electron microscopy 

(TEM) was carried out to further characterize the 

microstructure of the samples. The samples were prepared 

as follows: a small amount of the examined materials was 

carried out in 1.25 cm3 of ethanol. A few drops from this 

suspension were deposited and dried onto the surface  

of the grid (CF 200 Cu TEM grid). 

Fourier Transform InfraRed (FT-IR) spectroscopy 

spectra of the samples were obtained using a Nicolet 380 

FT-IR spectrometer. Scan from 4000cm-1 to 400cm-1 with  

a resolution of 4.0 cm-1. 

The textural properties of the samples were derived 

from N2 adsorption-desorption measurement on 

Micromeritics Tristar 3000. In each case, the sample was 

outgassed under vacuum at 300 °C for 3 h before N2 

adsorption. The specific surface area was calculated 

according to BET method and the volume of porous was 

obtained by t-plot analysis of the adsorption isotherm. 

The X-ray electron spectroscopy analysis (XPS) spectra 

were measured by using a Kratos XSAM800 fitted with an Al 

Kα source (1486.6 eV) with two ultra-high-vacuum (UHV) 

chambers. The binding energy was referenced to the C1s peak 

(284.8 eV) to account for charging effects. The areas of the 

peaks were computed after fitting of the experimental spectra 

to Gaussian/Lorentzian curves and removal of the 

background (Shirley function). 

Magnetic Property Measurement System (MPMS) was 

equipped with a superconducting magnet and liquid 

ammonia temperature control system, which provides a 

high magnetic field and extremely low-temperature 

measurement environment. The high sensitivity of  

MPMS comes from the equipment core SQUID, which is 

used to detect magnetic signals. The whole measurement 

process (including data acquisition, processing, and 

analysis) was highly automated. In this magnetic 

measurement experiment, the magnetic properties  

of the obtained powder were tested directly without  

pre-treatment. 

H2-temperature programmed reduction (H2-TPR) were 

carried out in a Canta Quantachrome automatic 

temperature programmed chemisorption instrument 

ChemBET to pretreat about 0.1 g of sample at 300 oC with 

He gas with flow rate of 30 ml/min for 1 hour, then reduce 

to room temperature, change the gas to H2/He mixture, 

wait for 30 min, blow away the He gas existing in the 

instrument, and after the baseline is stable, raise the 

temperature to 950 °C and 10 °C per minute to analyze the 

recorded signal. 

 

Photocatalytic activity tests 

All as-prepared LaCoO3 catalysts were evaluated  

for the degradation of phenol under visible light using  

a PLS-SXE300 xenon lamp as the light source. 250 mL  
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Fig. 1: Schematic diagram for the synthesis of LaCoO3 perovskite catalyst. 

 

jacketed beaker was used as a reactor, and the reaction 

temperature was holed at 20 ◦C by circulating water. After 

that, 100 mg LaCoO3 catalysts were magnetically 

dispersed in 100 mL, 10 mg/L phenol solution. Prior to 

light irradiation, the dispersion was firstly stirred for 40 

min in the dark to reach the adsorption-desorption 

equilibrium between phenol and the catalyst surface. After 

that 2 mL of the specified dispersions were extracted at 

given time intervals (the irradiation time intervals of 30 

min). The specified dispersions were dropped in a cuvette 

to record the UV-Vis absorption spectra at 270 nm by a 

UV-2550 spectrophotometer to monitor the concentrations 

of phenol. The degradation experiments of phenol were 

also carried out in the absence of visible light and without 

the addition of the photocatalyst under the same 

conditions. 

In general, the photocatalytic degradation efficiency 

can be calculated by the formula D(%)=(C0-C)/C0×100% 

calculation. The initial concentration (C0) of phenol and 

the concentration (C) of phenol after degradation for a 

certain time was measured by UV-Vis spectrophotometer 

to calculate the degradation rate. 

 

RESULTS AND DISCUSSION 

Structure characterization 

XRD 

XRD technology was used to analyze the phase and 

composition of the prepared sample (Fig. 2). Comparing 

the obtained LaCoO3 spectrum with the standard spectrum 

[34], it can be seen that the characteristic diffraction peaks 

of LaCoO3 (2θ=23.38°, 32.81°, 40.73°, 47.74°, 53.65°, 

59.00°, 69.15° and 78.95°) were observed for all 

synthesized samples, which was attributed to (012), (110), 

(202), (024), (116), (214), (220) and (134) lattice planes 

(JPCDS No.48-0123), respectively. Meanwhile, it should 

be noted that there was no other heterophase existed  

in Fig. 2 and the diffraction peak intensity of LaCoO3 

increased first (from 550 °C to 750 °C) and then decreased 

(from 750 °C to 850 °C) with the increase of calcination 

temperature. It has been reported that the perovskite-like 

material only formed at an appropriate temperature, high 

calcination temperature could interfere with the crystal 

formation of perovskite catalyst because of sintering and 

result in crystal growth, and will further lead to the 

decrement of surface area [35-36]. There, the best 

calcinations temperature for the synthesis of LaCoO3 

perovskite catalyst was 750 °C. 

 

SEM 

The morphologies and microstructures of the as-

prepared LaCoO3 samples were investigated by SEM, 

and simultaneously introduced the SEM-EDX spectrum 

to study the elements distribution of LaCoO3. As shown 

in Fig.3, the particles of samples uniformly distributed 

and the particle size was within the range of 20 nm  

to 40 nm. And the average particle size  

increased gradually with increasing the calcination 

temperature.  

In addition, EDS analysis was also used to further 

study the elemental composition of LaCoO3 catalyst. 

The spectral peak in the EDS represented the elements 

in the sample, and the atomic percentage of each 

element was obtained by region scanning. And the 

result of the analysis is shown in Table 1, It can be seen 

from Table 1 that the proportion of each element was 

basically La:Co:O=1:1:3 in the sample, and the content 

of O element was slightly higher, and the analysis result 

was approximately consistent with the structural 

proportion of perovskite ABO3. At the same time,  

no other additional peaks appeared in the EDX 

spectrum, indicating the purity of the prepared LaCoO3 

catalyst. 
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Table 1: Atomic percentage content of LaCoO3 catalyst synthesized. 

At% LCO-550 LCO-650 LCO-750 LCO-850 

La 14.2% 11.4% 10.2% 14.4% 

Co 12.1% 12.3% 14.4% 14.0% 

O 63.9% 66.5% 49.8% 58.2% 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: XRD patterns of LaCoO3 catalysts at different calcination 

temperatures. 

 

TEM 

Fig.4 shows the TEM images of LCO-750 catalyst. 

As shown in Fig.4, the particle size of LaCoO3 was 

between 10 nm to 40 nm, and most of the grain 

boundaries were clear, but there was a certain degree of 

agglomeration between the particles. Regular and 

complete lattice fringes can be seen from Fig.4c, which 

showed that LCO-750 had a good degree of 

crystallization. After measurement, the crystal plane 

spacing corresponding to lattice fringes were 0.269, 

0.272 and 0.383nm, which corresponded to (104), (110), 

and (012) crystal planes of LaCoO3 respectively.  

From here we can see that the above results were 

consistent with the results of XRD analysis. 

 

FT-IR 

FT-IR was performed to confirm the composition 

and structure of the as-prepared LaCoO3. Fig.5 shows 

the IR spectra of LaCoO3 prepared at different 

calcination temperatures, and the attribution of their 

main absorption peaks is shown in Table 2. It can be 

seen that the absorption peak with wave numbers of 

about 421cm-1 and 556cm-1 belonged to the bending 

vibration peak of O-Co-O and the stretching vibration 

peak of Co-O, respectively [37]. There was a strong 

peak with a wave number of 600~611cm-1, which is 

attributed to the stretching vibration peak of Co-O  

in the pure calcium titanium mineral phase [38]. 

Therefore, it can be easily seen that all characteristic 

peaks of LaCoO3 were observed and no new chemical 

bonds or solvent residue absorption peaks were detected, 

which were consistent with the XRD analysis results. 

 
N2 adsorption-desorption 

Table 3 presented the pore structure parameters  

of as-prepared LaCoO3 catalysts. It can be seen that  

the surface area of LaCoO3 catalyst decreased with  

the increase of calcination temperature, which found 

further evidence to support the results of XRD analysis.  

In addition, Table 3 showed that the surface area  

of all catalysts were small, which may be because citric 

acid was not a good complexing agent for preparing 

perovskite metal oxides with high surface area. It suddenly 

released a lot of energy during calcination, resulting  

in pore collapse [39]. 

The N2 adsorption-desorption isotherms of  

as-prepared LaCoO3 catalysts were shown in Fig.6. 

According to the IUPAC classification, all catalysts 

showed type IV isotherms and had H3 hysteresis loops. 

A hysteresis between adsorption and desorption 

branches was observed at medium relative pressure 

(0.9−1.0) for all the samples, which demonstrated that 

the hysteresis loop did not show adsorption saturation 

in the region of higher relative pressure. And the pore 

diameters of all the samples were between 2-50 nm, 

indicating that the pore diameters were mesoporous 

with flake particle structure or slit structure. In addition, 

the adsorption volume of the four catalysts decreased in 

the following order: LCO-550 > LCO-650 > LCO-750 

> LCO-850, indicating that the surface area of them 

decreased gradually, which were in good agreement 

with the results of Table 3.  
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Fig. 3: SEM images and EDS spectra of LaCoO3 catalyst at different calcination temperatures. (a) LCO-550,  

(b) LCO-650, (c) LCO-750, (d) LCO-850 
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Table 2: FT-IR attribution analysis of as-prepared LaCoO3 catalysts. 

Wavenumber/cm-1 
Ascription 

LCO-550 LCO-650 LCO-750 LCO-850 

428 421 429 418 O-Co-O 

555、603 558、602 555、611 556、600 Co-O 

 

Table 3: 

Catalyst Surface Area/m2·g-1 Pore Volume/cm3·g-1 Pore Size/nm 

LCO-550 30.72 0.170 22.14 

LCO-650 22.23 0.110 19.84 

LCO-750 17.20 0.064 15.05 

LCO-850 15.36 0.069 17.86 

 

 

 

 

 

 

 

 

 

 

Fig.4: TEM images of LCO-750 catalyst. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.5: FT-IR spectrum of as-prepared LaCoO3 catalyst. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.6: N2 adsorption-desorption isotherms of as-prepared 

LaCoO3 catalysts. 

 

XPS 

XPS technique was carried out to analyze the surface 

chemical composition and element chemical state of  

as-prepared samples. Fig.7 shows the data obtained from 

XPS spectra by peak splitting fitting for catalysts at 

different calcination temperatures. The elemental 

composition and valence state of LaCoO3 were also 

studied by XPS. The full spectrum of all the samples was 

compared in Fig.7a showed that as-prepared LaCoO3 

catalysts contained La, Co, O, and C, which was consistent  
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Fig.7: XPS analysis energy spectrum of as-prepared LaCoO3 catalysts. 

 

with the results of EDS spectrum analysis. As shown in 

Fig.7b (the XPS spectra of Co2p), four peaks at 779.9, 

781.8, 794.5 and 797.1eV can be fitted and attributed to 

Co3+ and Co2+ species, respectively. The peak at 790.0eV 

was the satellite peak of Co2+ species. The peak at 805.1eV 

was attributed to the satellite peak of Co species in Co3O4 

[40-41]. Fig.7c (the XPS spectra of La3d) showed that the 

peaks of La3d5/2 and La3d3/2 were split into two 

components by about 4eV, which was attributed to the 

accompanying ionization process of electron transfer from 

oxygen valence band to empty La4f orbit [42].  It can be 

seen from Fig.7d (the XPS spectrua of O1s) that three peaks 

at 528.9, 531.2 and 533.7eV could be fitted, which were 

attributed to lattice oxygen, oxygen on oxygen vacancy and 

surface oxygen, respectively. In addition, from the XPS 

spectrum of La, it was indicated that all La ions existed in 

the form of La3+ because La had a stable oxidation state and 

did not participate in the redox reaction as an active site [43].  

 

MPMS  

Fig.8 showed the magnetic properties of as-prepared 

LaCoO3 catalysts. Compared with C and O elements,  

La and Co elements were magnetic metal elements, and 

their M-H curves showed very strong linear characteristics 

[44-46]. As shown in Fig.8, the paramagnetism of all the 

samples decreased in the order of LCO-750 > LCO-850 > 

LCO-650 > LCO-550 under the same magnetic field 

intensity, which indicated that LaCoO3 catalyst increased 

in nonlinear with the increase of calcination temperature. 

In addition, combining SEM images and MPMS 

characterization, we found that the smaller the particle size 

of LaCoO3 catalyst was, the easier the catalyst was to be 

magnetized and then the catalyst showed high 

paramagnetism. In addition, Magnetism has a great impact 

on the recovery of catalysts, high paramagnetism of 

catalyst was helpful to reuse it.  

 

H2-TPR 

H2-TPR was used to detect the redox capacity of as-

prepared LaCoO3 catalysts, the H2-TPR profiles of 

different catalysts samples were illustrated in Fig.9.  

As shown in Fig.9, there were two reduction stages  

in the range of 350-450 oC and 550-650 oC, the reduction 

stage was attributed to the reduction of Co3+ to Co2+  
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Fig.8: MPMS diagrams of as-prepared LaCoO3 catalysts. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.9: H2-TPR profiles of as-prepared LaCoO3 catalysts. 

 

and the reduction of Co2+ to Co0, respectively. It can be 

seen from Fig.9 that compared other catalysts, LCO-650 

exhibited strong reduction with the lowest temperature 

(386 oC), while LCO-750 showed high stability due to its 

highest temperature (640 oC) [47-48]. And LCO-750 has 

larger peak area than other catalysts, which indicated that 

the amount of reactive oxygen species of LCO-750 were 

more than those of other catalysts, and then more hydrogen 

were involved in the reaction. In addition, through the 

previous SEM analysis, it was found that the particle size 

of the powder samples obtained at different calcination 

temperatures were almost the same and the distribution 

were relatively uniform. However, the XRD results 

showed that the crystallinity of LCO-750 was the largest. 

Therefore, we speculated that it may be due to the different 

crystallinity of different catalysts. 

 

Photocatalytic performance 

The degradation rate of as-prepared LaCoO3 catalysts 

for phenol were shown in Fig.10. As the figure showed, 

the degradation rate of phenol for these catalysts first 

increased and then decreased with the calcination 

temperature. Compared with other catalysts, LCO-750 

exhibited the best photocatalytic activity for phenol and 

the degradation rate of LCO-750 reached 52.56 % with 4 

h reaction time. On the contrary, the degradation rate of 

LCO-850 was only 31.52 % with reaction time of 4 h. And 

the phenol degradation rates of LCO-550 and LCO-650 

were 33.24 % and 48.93 %, respectively. 

In addition, combining the characterization results of 

XRD and SEM, it was found that the particle size of LCO-

550 and LCO-650 have little difference and the 

distribution of them were more uniform than that of LCO-

750 and LCO-850. However, XRD results showed that the 

crystallinity of LCO-650 was better than that of LCO-550, 

therefore LCO-650 exhibited better photocatalytic 

performance in comparison with LCO-550. When the 

calcination temperature reached 750 oC, the crystallinity 

and particle size increased, the defects decreased, and then 

LCO-750 presented higher photocatalytic performance 

than other catalysts. From H2-TPR analysis results, we 

knew that LCO-750 has a larger peak area than other 

catalysts, indicating that the number of reactive oxygen 

species participating in the reaction of LCO-750 was more 

than that of other catalysts in the process of the hydrogen 

reduction reaction, and then the stability was also better 

than that of other catalysts, which has a direct impact on 

the photocatalytic performance of the catalyst. Fig.10 

showed that LCO-850 exhibited lower photocatalytic 

performance than other catalysts, it is possible that the 

surface area of LCO-850 was the smallest among all the 

catalysts.  

Meanwhile, in order to verify whether phenol would 

degrade by itself under visible light irradiation, took 100 

mL phenol solution and kept other conditions unchanged 

without catalyst at 300 W (λ≥400nm) under the irradiation 

of xenon lamp for 4 hours, took 2 mL of mixed solution 

from the system every 30min, measured its absorbance 

with UV-VIS spectrophotometer, calculated the concentration 

through the standard curve, and the degradation rate curve 

was showed in the Fig.10. It was calculated that the 

degradation rate of phenol under the condition of xenon 

lamp irradiation was 1.33%. As we can see, phenol did not 

have any self-degradation in the absence of photocatalyst, 

which suggested the high stability of phenol under the light 

illumination.  
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Fig.10: Degradation rate of as-prepared LaCoO3 catalysts 

under different conditions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11: The corresponding kinetic plots of phenol degradation 

over different catalyst. 

 

To quantitatively compare photocatalytic degradation 

activity, the kinetic curves for degradation of phenol were 

obtained by a linear plot of ln(C0/C) against degradation 

time. As can be seen, the kinetic curves can be fitted by a 

pseudo-first-order model as Eq.: ln(C0/C)=kt, where k, C0 

and C were the observed rate constant, phenol initial 

concentration and phenol concentration at time t, 

respectively. Fig.11a displayed a linear relationship 

between ln(C0/C) and t, which showed that the 

photodegradation reaction obeyed the pseudo-first-order 

kinetic. The corresponding observed rate constants for 

different products are shown in Fig.11b. Obviously,  

the k values of LCO-750 catalyst was higher than those of 

other catalysts. The k value of LCO-750 catalyst was the 

largest (0.003 min-1), which was about 2.3, 1.5, 2.0 times 

of LCO-550 (0.0013 min-1), LCO-650 (0.002 min-1), and 

LCO-850 (0.0015 min-1), respectively. Therefore, it was 

considered that LaCoO3 catalyst synthesized by this 

method at 750 oC had better photocatalytic performance 

for phenol. 

 

Catalyst reusability 

It is widely known that the regeneration of the spent 

catalyst is one of the important factors to promote catalyst 

usability, therefore the photocatalytic activity of the spent 

catalyst was also investigated. We recovered the spent 

LCO-750 catalyst by centrifugation, the catalysts were 

placed in the beaker, and then absolute ethanol was added. 

After the ultrasound, the solutions were washed with 

absolute ethanol and deionized water several times, 

finally, the catalysts were put into the oven for drying and 

stored for studying the photocatalytic performance.  

The phenol degradation rate of the spent LCO-750 

catalyst 5 times was shown in Fig.12, as shown in Fig.12, 

the degradation rate still reached more than 40% after 5 

times, which showed that the spent LCO-750 catalyst still 

had photocatalytic activity after repeated use. Therefore,  

it was considered that the LaCoO3 catalyst had high 

reusability and stability. 

 
Photocatalytic mechanism 

From the above, we have known that perovskite 

photocatalyst LaCoO3 showed high photocatalytic 

performance under visible light. When LaCoO3 was irradiated 

by sunlight and absorbed photon energy (greater than the 

bandwidth), the electrons were excited to the conduction 

band in its internal low-energy region. After the transition,  

photogenerated electrons(e-) were formed in the catalyst, 

while photogenerated holes(H+) were left in the 

corresponding valence band, and then reacted with a small 

amount of water and oxygen molecules in the air to form 

active functional groups with strong oxidation ability on 

the surface of the catalyst. Some of the electrons would  
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Fig.12: Reusability of the spent LCO-750 catalyst. 

 

 

Fig. 13: Degradation mechanism diagram of phenol. 

 

also react with dissolved oxygen on the surface of the 

catalyst to form superoxide radical(•O2
-), water molecules 

and photogenerated holes to form hydroxyl radical(•OH) 

[49-50]. 

The mechanism is as follows: 

( ) ( )3 3 3LaCoO hv e LaCoO h LaCoO− ++ → +                (1) 

2h H O OH H+ • ++ → +                                                            (2) 

h OH OH+ − •+ →                                                              (3) 

2 2e O O− • −+ →                                                                    (4) 

2 2 2H O O HO O+ • − • −+ → +                                                            (5) 

The electron-hole pair converted the surface adsorbed 

oxygen into highly active free radicals such as HO• and 

HO2• and then oxidized and reduced with the phenol 

adsorbed on the catalyst surface together with the 

photogenerated holes also moved to the catalyst surface. 

The three degradation pathways would eventually degrade 

phenol into carbon dioxide, water, and some inorganic 

small molecules, playing the role of photocatalytic 

degradation of phenol pollutants. The photocatalytic 

degradation mechanism of phenol is shown in the Fig.13 

below.  

 
CONCLUSIONS 

In this paper, A series of LaCoO3 perovskite catalysts 

with different calcination temperatures were prepared by 

hydrothermal method and tested in the photocatalytic 

degradation reaction of phenol. Also, the physicochemical 

properties of as-prepared LaCoO3 catalysts were 

characterized by XRD, SEM, TEM, FT-IR, XPS, MPMS, 

and so on. The XRD results showed that 750 °C was the 

optimum calcination temperature for the synthesis of 

LaCoO3 perovskite catalyst. SEM images showed that the 

average particle size of the as-prepared increased gradually 

with increasing the calcination temperature. From N2 

adsorption-desorption characterization results, the surface 

area of all catalysts was small and the adsorption volume 

of the four catalysts decreased in the following order: 

LCO-550 > LCO-650 > LCO-750 > LCO-850. MPMS  

and H2-TPR exhibited that LCO-750 has the highest 

paramagnetism and the largest peak area among all  

the catalysts, respectively.  

Taking phenol as the target degradation product, the 

photocatalytic degradation reaction was carried out under 

visible light. The experimental results showed that 

exhibited higher photocatalytic activity than other 

catalysts, The degradation rate reached 52.56 percent after 

4 hours of visible light irradiation at 20 oC, and its rate 

constant k value was the highest (0.003), which was 2.3, 

1.5, and 2 times higher than that prepared at calcination 

temperatures of 550 °C, 650 °C, and 850 °C, respectively. 

The analysis revealed that the average particle size of the 

catalyst calcined at 750 °C increased, the crystal 

crystallinity increased, defects were reduced, there were 

more active oxygen species involved in the reaction than 

other catalysts, and the stability was better than other 

catalysts, resulting in the best photocatalytic performance. 

In addition, it was inferred from the study of 

photocatalytic mechanism that the electron-hole pair 

converted the adsorbed oxygen on the surface into highly  
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active free radicals such as HO• and HO2• and then 

oxidized and reduced with the phenol adsorbed on the 

catalyst surface together with the photogenerated holes 

also moved to the catalyst surface. Under the action of 

visible light, the three degradation pathways would 

eventually degrade phenol into carbon dioxide, water, and 

some inorganic small molecules, playing the role of 

photocatalytic degradation of phenol pollutants. 
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