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Facile synthesis and highly efficient selective adsorption properties 

of Y2Mo4O15 for methylene blue: Kinetics, thermodynamics and 

mechanical analyses☆ 
Junhua You1, Renchao Wang2,3, Chaobin Liu2, Xiaojie Shi2, Fei Han2, Rui Guo2,3*, Xuanwen 
Liu2,3* 
(1School of Materials Science and Engineering, Shenyang University of Technology, Shenyang 110870, China ) 

(2School of Resources and Materials, Northeastern University at Qinhuangdao, Qinhuangdao 066004, China) 

(3Key Laboratory of Nano-Materials and Photoelectric Catalysis of Qinhuangdao, Qinhuangdao 066004, China) 

Abstract: Y2Mo4O15 particles were prepared using a simple solution method (SSM) and used as a 
highly efficient selective adsorbent for methylene blue (MB) in aqueous solutions. The maximum 
adsorption capacity of the samples was determined based on the adsorption isotherms with different 
adsorbent doses at 298, 318 and 338 K. The fittings of the temperature-dependent isotherms yield 
∆rGm

θ = –34.1 kJ/mol, ∆rHm
θ = –36.9 kJ/mol and ∆rSm

θ = –9.67 J/mol·K. The as-prepared Y2Mo4O15 
has a very large maximum adsorption capacity (i.e., 198 mg/g) for MB at room temperature, and this 
value is only less than that of amorphous hardwood powder. Notably, 80 mg of adsorbent is able to 
completely decolorize 250 mL of 30 mg/L MB aqueous solution. The kinetic parameters of the 
adsorption process were obtained from the temperature-dependent adsorption isotherm (i.e., E1 = 26.9 
kJ/mol and E–1 = 63.8 kJ/mol). The results of adsorption kinetics show that it is a pseudo-second-order 
reaction. The mechanism of the high selectivity and the large adsorption capacity is discussed based on 
competitive ion (CI) experiments and coordination theory.  
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1. Introduction 

    Over the past few decades, the detrimental effects of printing, dyeing, pharmaceutical, chemical 
and other industrial wastewater on human health and the environment have been increasing quickly.1-3 

In particular, dye-containing wastewater is a problematic pollutant that is discharged by these industries 
because dyes are not easily degraded due to their complex structures.4 Therefore, many physical, 
chemical and biological methods have been developed for wastewater treatment.5-12 However, many 
methods have application limitations, such as secondary pollution, higher costs, and non-reusability. 
Encouragingly, the dye adsorption method is economical, effective and easily operated.1, 2, 13 

    In the past few years, the preparation of nano-/micro-materials with novel and controllable 
morphologies became an important research topic due to fundamental and application of adsorption 
materials. In this aspect, organic functional group-modified metal oxides have shown great potential for 
removal of MB, owing to insufficient functional groups on the surface.14 Another kind of strong 
adsorbents was mesoporous materials (i.e., ordered mesoporous carbons and mesoporous polymer). 
Among them, polypyrrole/TiO2 was reported with a large Qm of 273.22 mg/g.15 In addition, natural 
materials such as kaolin are also strong adsorbents.16 But few adsorbents were reported with selective 
adsorption properties for MB. Therefore, the studies of the mechanism of the selective adsorption 
properties of Y2Mo4O15 for MB are interesting. Y-Mo-O ternary compounds are commonly used as 
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