
u To investigate the fate of selenium species 
during the wastewater evaporation process 
and analyze the related reaction mechanism 

u To evaluate the risk of Se release and provide a 
basis for advanced wastewater treatment and 
Se emission control strategies.

•Selenium is a trace element with high toxicity in 
coal, and it will be released into coal-fired flue 
gas during coal combustion. Gaseous selenium 
species in the flue gas tend to be synergistically 
captured with sulfur dioxide by the wet flue gas 
desulfurization (WFGD) system and then 
dissolved in the desulfurization water.
• Due to the selenium pollutants  in the 
wastewater will precipitate out successively 
during the evaporation process , it leads to the 
problem of selenium species secondary release.1
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u The Se release characteristics were affected 
by the wastewater properties, ionic 
compositions, and pH values.

uAppropriate strategies should be adopted to 
avoid the adverse effects of wastewater 
evaporation: (a) adjusting the pH of the 
wastewater to alkaline; (b) applying an 
oxidant, like S2O8

2– , to the wastewater 
before it enters the evaporation tower; (c) 
adding an adsorbent at the drying tower 
outlet.
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• At the given temperature conditions, the release 
rate of Se(IV) increases with decreasing pH, which 
may be caused by the different present forms of 
Se(IV). 3

• Influence of Cl− may be attributed to the formation 
of Se chlorides, such as SeCl2 and SeClO2 (the 
melting point of SeOCl2 is 176 °C-180 °C).1

• No significant release of selenium was found in the 
lower temperature range (150–250 °C), while 
selenium release was found in the higher 
temperature range (250–300 °C), and the release 
rate of both Se(IV) and Se(VI) will be increased.

• The migration of selenium is related to its valence. 
The presence of S2O8

2– has a significant effect on 
the conversion of Se(IV) and the increase in 
temperature promotes the process.4

Experimental system

Materials: 
Simulated wastewater: the concentration of 
selenate and selenite was set to 5 mg/L (in terms 
of selenium).
Real wastewater: The wastewater samples(A, B 
C) were obtained from three power plants.

Experimental procedure
• Wastewater (10 mL) was added to a quartz boat 

for evaporation.
• Nitrogen gas is supplied from the gas cylinder 

with the gas flow rate set to 1 L/min.
• Adjusting different reaction conditions, and the 

samples were taken at intervals in the liquid 
phase evaporation and solid phase.

• The gas impingement absorption unit was set up 
according to EPA Method 29(5 vol% HNO3 and 
10 vol% H2O2).2

• All experiments were performed in duplicate and 
repeated at least thrice.

Analysis method
• Inductively coupled plasma mass spectroscopy 

(ICP-MS. PerkinElmer NexION 300X, USA) 
was performed to measure the total Se in liquid 
phase.

• Ion chromatography (IC. ICS2100， 
ThermoFisher, USA) was used for the analysis of 
selenium species in liquid phase.

• Scanning electron microscopy (SEM, Zeiss 
Gemini 300, Germany) was used for analyzing 
the physicochemical properties of the samples.

• X-ray photoelectron spectroscopy (XPS, Thermo 
Scientific ESCALAB Xi+, USA) was used for 
determining Se species in samples.

Se migration and transformation characteristics

Influencing mechanisms and critical factors


