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Abstract 

In the present work report, the MgAl2O4and the Ag/MgAl2O4 samples were successfully synthesized 

by the modified hydrothermal and the isovolumetric impregnation methods, respectively. The structural 

properties of the prepared samples were systematically characterized by XRD, SEM, TEM, DRS, XPS 

and et al techniques. The photocatalytic degradation of methylene blue by the Ag/MgAl2O4 and 

MgAl2O4 samples was comparatively studied under UV lamp irradiation. The results revealed that the 

prepared Ag/MgAl2O4 (pH=6) samples were the most active among the samples in photocatalytic of 

methylene blue. Under UV lamp irradiation, the Ag/MgAl2O4 (pH=6) photodegradation of methylene 

blue reached to 89.6% within 120 min. And the Ag/MgAl2O4 (pH=6) complex photocatalysts displayed 

a high photochemical stability under repeated irradiation. Repeated irradiate the Ag/MgAl2O4 (pH=6) 

compound, which indicated it had a high photochemical stability. 

Keywords: Ag/MgAl2O4; characterization; activity; Photocatalytic degradation; Methylene blue 
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1. Introduction 

Synthetic dyes of organic compounds containing the molecular structure of the chromophore. 

According to their chromophore groups, they arecommonly classified intoazo, anthraquinone, 

indigoide, phthalo-cyanine, sulfur, and triphenylmethane derivatives [1]. Synthetic dyes not only used 

in textile printing and dyeing, but also widely used in papermaking, plastics, leather, rubber, coatings, 

printing ink, cosmetics, photographic materials, and other industries[2]. However, most of industries 

dyes are toxic, carcinogenic, and mutagenic, and have little biodegrade ability [3]. Moreover, the dye 

into the waste water caused serious environmental problems [4]. Some of the dyes, dye precursors, and 

dye degradation products have carcinogenic and degeneration. A variety of physical, chemical, and 

biological method shave been developed for the treatment of dye wastewater, but these conventional 

processes usually exist some shortcomings for purifying the wastewater [5]. Photocatalysis in 

degradation of organic pollutants is regarded as a green and low cost technology, and as a promising 

alternative method for photovoltaic cells [6-8]. 

MgAl2O4 spinel is a commonly used catalyst carrier for various chemical reactions such as methane 

oxidation, alkane reforming, and dehydrogenation, because of its high melting temperature, high 

chemical stability, and distinguished optical and dielectric properties [9, 10]. In order to improve their 

catalytic performance, MgAl2O4 materials are highly desired to be synthesized and assembled into 

certain nano structures with high specific surface areas.  

Nowadays, many researchers have tried to increase the photocatalytic activity by different methods, 

such as by using grapheme [11], mordenite [12] and metal doping, for example: Pd [13], Sm [14], Pt 

[15] and Ag [16]. They have a narrow band gap. Therefore, they can be excited by UV light. The 
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remarkable advantages of supported noble metal catalysts are relatively high activity, mild process 

conditions, and better handling properties. The choice of an efficient support could significantly 

improve the activity, selectivity, recycling, and reproducibility of Ag catalyst systems. 

In the present work, MgAl2O4 samples were obtained via a simple and economic hydrothermal 

method along with different pH values to vary their crystallinity as well as their surface states, then 

were employed as Ag catalyst supports. After systematic characterization of the samples and surface 

structures, MgAl2O4 and Ag/MgAl2O4 samples are investigated for the photocatalytic activity and the 

reaction mechanism for the photocatalytic degradation of methylene blue (MB) under UV irradiation. 

 

2. Materials and methods 

2.1. Preparation of catalysts 

  All the chemicals were reagent grade and used without further purification. Deionized water was 

used as a solvent. The MgAl2O4 nanoparticles were prepared by using a modified hydrothermal method. 

Typically, Mg (NO3)2•6H2O and Al (NO3)3•9H2O were dissolved in deionized water (100 mL). The 

molar ratio of Mg: Al is fixed at 1:2. The pH of the mixture was adjusted to 6 and 8 by slowly adding 

concentrated ammonia. When the pH value is 6 and 8, the mixture was put into a Teflon-lined stainless 

steel autoclave at 200 ℃ for 20 h. Then, the system was allowed to cool to room temperature naturally. 

The precipitate was washed twice or three times with deionized water and ethanol, respectively. After 

that, the precipitate was kept at 80 ℃ for 12 h for drying. Finally, the preparation of the nanoparticles 

was calcined in air for 5 h at 750 ℃. The white MgAl2O4 sample was obtained. And the samples 

named as S-6 and S-8, respectively. 
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  The catalyst of Ag/MgAl2O4 with 1 wt. % of Ag was prepared by a conventional wet impregnation 

route [17]. AgNO3 solution was used as the precursor. First, the catalyst was measured the saturated 

water quantity. Then, corresponding volume of the AgNO3 solution was configured and drop wise into 

the catalyst. After evaporation, the catalyst was then dried at 100◦C for 12 h upon heating in air and 

calcined at 400◦C in air for 6 h followed by slow cooling under air atmosphere. Then gray Ag/MgAl2O4 

powders were obtained. The sample named as Ag/S-6 and Ag/S-8, respectively. 

2.2. Characterizations 

 X-ray diffraction (XRD) pattern was recorded for the prepared MgAl2O4andAg/MgAl2O4 powder 

from the 2θ range of 10 – 80° with a step of 0.02°by X-ray diffraction (XRD, RIGAKU, Dmax22000) 

with Cu Kα radiation (λ=0.15418 nm) and 30 mA current and 40 kV voltage was applied to the X-ray 

tube.  

The prepared nanocrystalline MgAl2O4 and Ag/MgAl2O4 samples were previously degassed at 150°C 

for 2 h in vacuum to determine the specific surface area of these samples by the adsorption method under 

nitrogen gas at liquid nitrogen (LN2) temperature (77K) on a Micromeritics ASAP-2000 equipment using a 

Brunauer-Emmet-Teller (BET) (Quantochrome, USA).Ultraviolet-Visible diffuse reflectance spectra 

between 200 and 800 nm (DRS, Shamazu-UV-240) of the products were collected. Fourier transform 

infrared spect rumof the samples was recorded in the range 4000–400 cm-1 using a‘Bruker Vertex 

70’spectrophotometer with 4 cm-1 resolution. The morphology and existence of elements O, Mg and Al 

in the prepared nanocrystalline MgAl2O4 and Ag/MgAl2O4 samples were investigated by scanning 

electronic microscopy (SEM) with a JSM-6700 LV electron microscope operating at 5.0 kV and 

transmission electron microscope (TEM, FEI Tecnai G220). XPS data were recorded using a 
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Perkin-Elmer PHI 5600 electron spectrometer by acrochromatic Al Kα radiation (1486.6 eV) with Ar+ 

sputtering to remove the surface layer of the samples. 

2.3. Photocatalytic experiments of the MgAl2O4and Ag/MgAl2O4 catalysts 

The photocatalytic activity of the catalysts was evaluated by the concentration of methylene blue 

(MB) under irradiation of a125 W with UV lamp (19 mW·cm-2, HPL-N125W, Philips (China)).50 mg 

photocatalyst powder was added into 100 mL 20 mg·L-1aqueous solution of the MB (20 mg·L-1).Before 

to irradiation, the solution was stirred for about 30 min in the dark. Then, 5 mL of suspension was 

sampled and centrifuged from the reactor at given time intervals, and then analyzed the concentration 

of the MB supernatant liquid using a UV-vis spectrophotometer (UV-1800PC) at λmax¼664 nm. 

The MB degradation rate constants were calculated by first-order kinetic reaction as follows [18]: 

ln (C/C0) = −kt                                  (1) 

where C is the concentration of the methylene blue solution, C0 is the initial concentration of the 

methylene blue solution, k is the rate of reaction constant, and t is the irradiation time(min). 

A recycled photocatalytic experiments on the used catalyst was carried out as following. Briefly, 

after the reaction of 1st run under UV light irradiation, the suspensions were centrifuged to obtain the 

photocatalysts, which was washed with anhydrous ethanol and deionized water carefully and then dried 

in an oven. And then, the photocatalyst was weighed again to add the lost portion. The fresh MB 

solution was mixed with the used photocatalyst to perform the 2nd run photocatalytic testing. Similarly, 

the recycled 3rd, 4th, 5th and 6th tests were also performed. 
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3. Results and discussion 

3.1 XRD and BET analysis of the MgAl2O4 and Ag/MgAl2O4 samples 

Figure 1 shows the XRD pattern of the prepared MgAl2O4 and Ag/MgAl2O4powder obtained. In Fig. 

1, the observed diffraction peaks at about 2θ=18.98°, 32.24°, 37.05°, 45.97°, 60.60°, 67.24° and 77.29° 

are compared with the standard JCPDS # 48-0528 data and the formation of pure crystalline phase of 

MgAl2O4 samples. The average crystallite size of the prepared sample was calculated using the 

Scherrer formula [19] and it is about 19 nm. No peaks corresponding to Ag species could be observed 

in theFig.1 due to the low content of Ag in the samples. 

The values of specific surface area estimated from BET measurements yielded as 132 and 145 m2/g 

for the S-6 and Ag/S-6 sample, respectively. The average pore diameter of S-6 and Ag/S-6 sample is 

estimated as 9.7 nm and 6.7 nm, respectively. The low pore diameter of samples may be due to the 

presence of large amounts of mesopores. High surface area and monomodal pore size distributions are 

important in catalytic materials measuring the accessibility of reactant molecules. 

3.2 SEM and TEM analysis of the MaAl2O4 and Ag/MaAl2O4 samples 

Figure 2 shows scanning electron microscopy (SEM) of the S-6 (Fig. 2a), Ag/S-6 (Fig. 2b), S-8 

(Fig.2c) and Ag/S-8 (Fig.2d)samples, and shows transmission electron microscopy (TEM) images of 

the S-6(Fig. 2e) and Ag/S-6(Fig. 2f) samples, respectively. The S-6 and Ag/S-6 samples prepared show 

relatively regular nanorods shape, and the agglomerated rods are well dispersed. However, the S-8 and 

Ag/S-8 samples prepared show regular nanosheet. Moreover, the average grain size is in the range of 

10 to 20 nm from Fig. 2e and 2f. Figure 2b and 2f shows the SEM and TEM micrograph of the Ag/S-6 

sample. The nanoparticles distinctly exhibit narrow size distribution with size ranging from 10 to 20 
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nm. As indicated by the image, one could hardly distinguish the Ag particles from the support because 

of the low amounts of Ag doping. The results are in good agreement with the XRD analysis.  

3.3 DRS and FTIR analysis of the MgAl2O4 and Ag/MgAl2O4 samples 

The UV-Vis spectra of the MgAl2O4 and Ag/MgAl2O4 samples are given in Fig. 3a. The 

Ag/MgAl2O4 sample has stronger absorption range than MgAl2O4 in the whole spectrum range. It 

shows that due to the induction of the Ag/MgAl2O4 samples for UV light is more intense due to Ag 

loading. 

Fig.3b shows the FTIR transmittance spectrum of nanocrystalline MgAl2O4(S-6, S-8) and 

Ag/MgAl2O4 (Ag/S-6 and Ag/S-8) samples, respectively. The MgAl2O4 shows FTIR bands at 656 cm-1 

and 500 cm-1 and these arise due to the stretching vibration of MgO4 tetrahedral and AlO6 octahedral 

groups respectively in the MgAl2O4 spinel structure [20–22].The bands around 3426 cm−1 and 3110 

cm−1 can be assigned to vibration mode of chemically bonded hydroxyl groups and the deformation 

vibration of water molecule, respectively [23].The absorption band at 1650 cm-1belongs to free or 

crystal water [24, 25]. Nanopowder having high surface area promotes rapid adsorption of water from 

the atmosphere, which is responsible for the formation of peaks in the FTIR spectroscopy. It should be 

noted that spectra of the samples at 1030 – 1550 cm−1 exhibit vibration modes of the groups originating 

from the organic compounds [26]. The peak at 832 cm−1 which is observable in spectrum of the sample 

obtained after calcination may be attributed to the vibration of NO3 groups [19].Hence, the observed 

XRD and FTIR results confirm the formation of MgAl2O4 nanostructure. 

3.4 XPS analysis of the MgAl2O4 and Ag/MgAl2O4 samples 

Al 2p, Mg 1s, O 1s, Ag 3d3/2 and C1s X-ray photoelectron spectroscopy (XPS) results of MgAl2O4 
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and Ag/MgAl2O4 sample at pH=6are shown in Fig. 4a-4f.Figure 4 shows the high resolution XPS 

spectra of the Al peak with Al 2p at 72.96eV (Fig. 4b),O peak with O 1s at 529eV (Fig. 4c). In addition, 

the Mg peak with Mg 1s at 1303.7eV (Fig. 4d) indicates that the existing form of the sample is 

MgAl2O4. No contaminant species were observed within the sensitivity of the technique. Only adsorbed 

carbon peak with C1s at 282eV (Fig. 4e) on the surface was present in the samples. Figure 4f shows the 

high resolution XPS spectra of the Ag peak with Ag 3d3/2 at 372.7eV. It demonstrates that the silver 

exists in the form of Ag. For the Ag/MgAl2O4 sample, Table 1 shows the results of measurements from 

the XPS analysis indicating the atomic ratio of elements Mg/Al/O = 1:2.00:4.24 of the compositions. 

And the atom ratio of the silver is 0.58%. These results are in good agreement with the XRD analysis, 

where we have demonstrated the formation of hexagonal crystalline phase of the MgAl2O4and 

Ag/MgAl2O4 samples.  

3.5 Photocatalytic activities study 

Figure 5 shows the comparison of the photocatalytic activities of the MgAl2O4 and Ag/MgAl2O4 

samples under UV lamp illumination. Fig. 5a indicates the concentration change of the MB solution 

over the MgAl2O4 and Ag/MgAl2O4 catalysts. For comparison, the photolysis of MB was also carried 

out under the same condition but without catalyst. Fig. 5a shows that the MB is stable and cannot be 

easily broken down under UV light irradiation without photocatalysts. Only about 12% MB was 

degraded under the same irradiation time. Furthermore, it is also show that Ag/MgAl2O4 displayed 

higher photoactivity than MgAl2O4 under UV light irradiation. What’s more, the Ag/S-6 catalyst is 

higher photocatalytic than the Ag/S-8 catalyst. The Ag/S-6 shows the highest activity of 89.6%. This is 

possibly due to the enhanced light absorption intensity of the Ag/S-6 as showed by UV–Vis 

absorption spectra in Fig. 3a.The kinetic data for methylene blue degradation under UV-light 
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illumination were found to follow pseudo first-order reaction [27] as shown in Fig. 5b. The pseudo 

first-order model was explained by Eq. (1). The rate constants can be obtained from the slope of linear 

fitting. The apparent first order linear transforms are given in Fig. 5b. The corresponding parameters 

were presented in Table 2. It shows that all reaction kinetics for the photodegradation of MB over 

different photocatalysts followed the apparent first-order equation, with higher R2 values. The obtained 

apparent rate constants(-k) for the degradation of MB over S-8, S-6, Ag/S-8 and Ag/S-6 are 0.0104, 

0.0112, 0.0172 and 0.0189 min−1 , respectively. What’s more, the enhanced rate constant may play very 

important roles in improving the photocatalytic degradation activities of Ag/S-6 and Ag/S-8 

photocatalysts due to the introduction of Ag. The degradation ratios of the MB solution with the 

MgAl2O4 and Ag/MgAl2O4 samples are shown in Fig. 5c. The results show that the photodegradation 

ratio of the MB solution with the Ag/S-6 sample is up to 89.6% and that the photodegradation ratios 

with the Ag/S-8, S-6 andS-8samples are 87.2%, 73.8% and 71.3%, respectively. This implies that the 

Ag/S-6 sample shows the highest photocatalytic activity among these samples. 

3.6 The stability and reusability of the Ag/S-6 catalyst.  

An ideal photocatalyst should maintain photochemical stability and reusability under repeated 

irradiation. To further evaluate the stability and reusability of the Ag/S-6 composite photocatalysts, the 

recycled photoactivities were measured by running repeated photodegradation reaction of MB over 

Ag/S-6 for six times under UV light irradiation. The results were shown in Fig. 6. As observed from 

Fig. 6, it is up to 75.2% after the fifth repetition, which is slightly lower than that (89.6%) with the 

fresh Ag/S-6 catalyst. It is no distinct activity decline was found after five recycling runs. These results 

indicate that the composite photocatalyst are relatively stable and no obvious catalyst deactivation. 
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4.  Conclusions 

The work has shown that the synthesis of MgAl2O4 nanoparticles was studied via a simple 

hydrothermal method with different pH values. The Ag/MgAl2O4 catalysts were prepared under pH = 6 

and 8 by a traditional impregnation strategy. The Ag/MgAl2O4 catalyst has an attractive photo 

induction in UV region and remarkable photocatalytic activity towards MB. Higher specific surface 

area for the MgAl2O4 catalyst leads to the well dispersion of Ag species on the support, which ensures 

the access of adsorbates towards the active sites and higher photocatalytic reactivity. The 

photodegradation ratio of MB over the Ag/S-6 sample is the highest in these MgAl2O4and Ag/MgAl2O4 

catalysts. The noble metal played a key role in the photocatalytic process. This Ag/MgAl2O4 catalyst 

has a significant potential for photocatalytic dye, particularly for the elimination of synthetic dyes 

compounds. 
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Table Captions: 

Table 1 The results of XPS analysis of the Ag/MgAl2O4 sample. 

Table 2 The rate of absorption and photogradation of MB. 
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Figure Captions: 

Figure 1 Typical XRD pattern of the prepared MgAl2O4samples and Ag/MgAl2O4 samples. 

Figure 2 The SEM images (a=S-6; b=Ag/S-6; c=S-8 and d=Ag/S-8) and TEM images (e=S-6 and 

f=Ag/S-6) of the MgAl2O4 samples and the Ag/MgAl2O4 samples. 

Figure 3 The UV-Vis absorption spectra (a) and FTIR spectra (b) of the prepared MgAl2O4 and 

Ag/MgAl2O4 samples. 

Figure 4 The whole XPS spectra (a), Al 2p XPS spectra (b), O 1s XPS spectra (c), and Mg1s XPS 

spectra (d), C1s XPS spectra (e) and Ag 3d3/2 XPS spectra of theMgAl2O4sample and 

Ag/MgAl2O4samples. 

Figure 5 The concentration change of MB under UV light with the MgAl2O4 and Ag/MgAl2O4 samples 

(a); ln(C/C0) vs. time for different samples (b) and the photocatolytic degradation ratio of MB 

with different samples(c). 

Figure 6 Cyclic adsorption and photodegradation of MB by the Ag/S-6 sample 
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Element Weight Atom ratio 

 (%) (%) 

O K 45.11 58.23 

Al K 35.90 27.46 

Mg K 15.96 13.73 

Ag K 3.03 0.58 

Total 100.00 100.00 
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Sample 
Photodegradation 

k(10-2) R2 

S-8 -1.04 0.94 

S-6 -1.12 0.95 

Ag/S-8 -1.72 0.96 

Ag/S-6 -1.89 0.96 
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