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Abstract. Wastewater produced from wet flue gas desulfurization (WFGD) process contains large 

amounts of suspended solids (SS), heavy metals and salinity. Compared to traditional chemical 

coagulation, electrocoagulation (EC) technology is a novel technology to remove these pollutants with 

lower O&M costs and simplified facilities. In order to achieve better EC effects, the speciation change 

of flocs generated from two kinds of sacrificed electrodes (e.g., Al and Fe) is investigated in various 

operation parameters. The results show that iron anode performed better compared to aluminium 

anode.  At 20V of voltage and 6cm of electrode gap, the percentage of polymeric species of iron flocs 

can reach more than 50%. The significant domination of polymeric species under the optimal 

conditions during electrocoagution is responsible for the turbidity removal. 
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1.Introduction 
In spite of various pollutants, such as SO2, CO2, NOx, particles mass and toxic metals, produced 

from coal combustion, coal-fired power plants are still the main power source in worldwide. Many 

efforts have been made on the flue gas purification. Wet flue gas desulfurization (WFGD) is proved to 

be a practical technology in China, US, Japan, etc, due to its high efficiency and lower O&M costs. 

However, an amount of wastewater has to been discharged, in order to keep the limestone slurry as 

absorbent in reasonable ranges. The effluent from WFGD process contains complicated constitution, 

e.g., heavy metals, abundant Ca2+ or Mg2+ cations and SO4
2-, Cl- anions, etc. Traditional technology to 

treat WFGD wastewater includes chemical precipitation method, through which only heavy metals and 

suspended solid (SS) can be removed in three sequent tanks, but most of salinity are still present. With 

stricter regulations in environment adopted, the demand in zero or near-zero liquid discharge increases 

invests sharply and novel technology to treat WFGD wastewater are in need.  

Electrocoagulation (EC) becomes an attractive method for industrial wastewater treatment in recent 

decades. While the Al or Fe dissolves at anode and hydrogen gas is generated at cathode during 

electrocoagualtion process, polymerized aluminum or polymerized ferrous flocculant is formed in-situ, 

which promotes polymerization of the pollutants particles. As a result, sedimentation, redox reactions 

and flotation occur in the same system, and EC is characterized by some advantages, such as high 

efficiency, fewer sludge products and no flocculants addition. These merits enable EC to be a 

promising treatment technology with respect to WFGD wastewater with complex constitution. 

Essentially, the EC process can be regarded as a combination of multiple physicochemical processes, 

and the critical process is the generation of flocculant. In case of Al anode, the dissolved Al3+ is 

present in form of hydrated cation Al(H2O)6
3+, which immediately  hydrolyzes in sequence into 

monomeric (or oligomer), polymeric and amorphous[1]. Different flocculants have different 

mechanisms for the removal of pollutants. The flocculant species through EC is heavily dependent on 

pH, Al3+ concentration, voltage, electrode gap, electrolyte composition, duration time and so on[2-4]. 

For example, when pH≤ 6.5, Al3+ is present in form of hydrated cation Al(H2O)6
3+ and of monomeric 

flocculant species with positive  charge, e.g.,  Al(H2O)5(OH)2+, Al(H2O)4(OH) +,  which  are  active for 
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the removal of pollutants with negative charge. Instead of charge neutralization effects, Al3+ in form of 

amorphous [Al(OH)3]n exceeds 60umol and can remove pollutants by adsorption once pH＞6.5[5]. To 

our best knowledge, few literature cover the speciation of flocs formed in WFGD wastewater and their 

role in remove some typical pollutants (e.g., SS, COD and heavy metals etc.) in WFGD wastewater. 

The emphasis of this study lies in the evolution of flocs speciation based on different sacrificed anodes 

and in the exploration of removal mechanism based on various flocs under operation conditions. 

 

2.Materials and methods 
An EC reactor was composed of a 3.5L cylindrical PMMA cell and two 15×4 cm2 parallel Al or Fe 

plates were immerged vertically into wastewater with an electrode gap of 2~6 cm. A DC power supply 

(RXN-305D, China) under constant voltage or current mode was connected to the plates. The details 

of experiment installation can be referred our previous paper.  

 

Speciation determination 

Ferron-complexation timed spectrophotometry method was employed to analyses Al or Fe species 

for WFGD wastewater flocs obtained from EC experiments under operation conditions. According to 

Parker and Bertsch’s description, Al3+ reacts with Ferron complex reagent in different kinetic rates at 

pH=5.2 and λmax=370 nm (Al). Three kinds of hydrolyzed Al species, monomeric species (Ala), 

medium polymeric species (Alb) and high polymers or colloidal species (Alc) were identified 

quantitatively in line with reaction time, which is corresponding to that within 1 min,  1-120min and 

120min. Herein, total aluminum concentration (AlT) is the sum of Ala, Alb and Alc. The fraction of Alb 

can be regarded as a significant index in coagulation[6]. The detail of procedure includes the plot of 

stand curves and working curves.  

Standard curves plotting. Take Al-Ferron curve as example, complex reagents including Ferron 8-

hydroxy-7-iodo-5-quinoline sulfonic acid, 35% NaAc and 10% hydroxylamine HCl were prepared in 

advance and kept settling at 4-10oC for 4-5 days. An Al sheet with spectral purity was dissolved into 

hydrochloric acid and CAl3+=0.1 mol L-1 Al standard solution was calibrated. 0, 1, 2, 3, 4, 5 ml 

standard solution was added into 10ml Ferron complex reagents prepared, and measurements were 

performed on spectrophotometer(UV-3100, Shimazu). Al-Ferron standard curves were plotted on the 

dependence of absorbance on the Al concentration.  

Fe-Ferron standard curves followed the same procedure, except that measurements performed at 

λmax=600 nm (Fe). Afterwards, Fe-Ferron standard curves were plotted on the dependence of 

absorbance on the Fe concentration. 

Working curves plotting. During WFGD EC process, 10ml samples were collected from 0 to 60 

min at 10 min intervals, which were added into 10ml Ferron reagent and were diluted up to 100ml. The 

absorbance of each sample was immediately measured on spectrophotometer within less than 40s. 

 

3.Results and discussions 
Floc speciation change on Al anode 

The dependence of Al speciation in EC process of WFGD wastewater on voltage and electrode gap 

is respectively shown in Figure 1 (a) and (b). Alb content in WFGD wastewater is almost dominant in 

Al speciation distribution, but the domination over Ala species is not obvious under some conditions. 

Alb increases from 26% at 5V to 42% at 10V and then is stable with elevated voltage applied. The 

biggest Alb content is obtained at 20V, at which turbidity removal can reach optimal value. On the 

other hand, Alb content is dominant absolutely over other Al species at electrode gap of smaller than 

4cm and decreases with the greater electrode gap. Different from the chemical coagulation, Al3+ is 

produced in-situ electrochemically when Al is used as anode. A series of hydrolysis products, 

including monomeric Al(OH)2+, Al(OH)2+ and  dimeric Al2(OH)2
4+  species,  are  generated  in  bulk  

solution. These hydrolysis products tend to interact with Al(OH)4
− at  the  metal-solution interface, 

which is caused by water electrolysis reaction taking place on cathode, to form Al13 polymer[7-8]. Hu 
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and Mbacké et al proved that Al13 content in chemical coagulation process is positively correlated with 

turbidity removal and Alb species is present in form of Al13 species[9-10].The dependence of Al 

speciation in WFGD wastewater on electrode gap further prove that Alb species can be regarded as an 

indicator of Al13 species in EC process, and Alb domination in greater electrode gap range is attributed 

to high salinity in WFGD wastewater. Consequently the high conductivity of WFGD wastewater 

offsets the difficulty of longer diffuse distance and enables the electrogenerated Al3+ to meet hydroxyl 

and to form Al(OH)4
− as a precursor in such longer distance. However, the indicator of Alb is not 

obvious in the dependence of Al speciation in EC process of WFGD wastewater on voltage. The 

comparable Ala content to Alb content is probably associated with the passivation of cathode in WFGD 

wastewater. With elevated voltages, excessive OH- generated at cathode not only reacts with Al3+, but 

also with abundant Ca2+ or Mg2+ in WFGD wastewater. As a result, insoluble CaCO3 is produced in 

presence of CO2, which adsorbs onto the cathode and hinders the electrochemical reactions[11]. 

 

 
a                                                                   b 

Figure 1. Al speciation in EC process of WFGD wastewater on voltage (a)  

and electrode gap (b) 

 

Floc speciation change on Fe anode 

In parallel to Al anode, the dependence of Fe speciation in EC process of WFGD wastewater on 

voltage and electrode gap is respectively shown in Figure 2 (a) and (b). The content of Fea and Feb 

basically dominate in the Fe species during EC process. With increased voltage, Fea content decreases 

while Feb content increases and both of them provide a stable content at around 45%. Fec content 

changes little at around 10%. It indicates that the transformation of Fe species influenced by voltages 

takes place only between Fea and Feb and no speciation change of Fec is observed. The content 

variations of Fe species with electrode gap is shows in Figure 2 (b), where the content of Fea and Feb 

still dominate in the Fe species during EC process. However, the content difference of Fea and Feb 

becomes more distinct at smaller electrode gap. With greater electrode gap, little change in Fea content 

and an increase in Feb content are observed, whereas Fec content decreases. The electrode gap has a 

more significant effect on the transformation of Feb and Fec than it does on Fea. According to the 

difference of reaction rate for various ferric hydrolysates with Ferron reagent, Fea represents ferric 

ions, monomeric hydroxy complex and ferric oligomer (e.g., Fe3+, [Fe(OH)]2+, [Fe(OH)2]
+ ), and Feb is 

a transition state between Fea and Fec, which is composed of polymeric hydroxy complex with low 

polymerization degree (e.g., [Fe2(OH)2]
4+, [Fe13(OH)34]

5+). Fec corresponds to the ferric species with 

high polymerization degree and even ferric precipitation (e.g., Fe(OH)3 (am)) [12]. During the EC 

process of WFGD wastewater on Fe anode, the species of ferric hydrolysates dominate in form of low 

or medium polymerization state. Increased voltage favors the transformation from Fea to Fec, and as a 

result, polymerization degree of ferric species is enhanced slightly. On the other hand, greater 

electrode gap has an adverse effect on the formation of ferric high polymer. Associated with our 

previous works, it is also found that Feb content is positively correlated with turbidity removal.  

https://revistadechimie.ro/
https://doi.org/10.37358/Rev
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);


 Revista de Chimie                                                                                                                                                                
https://revistadechimie.ro   

https://doi.org/10.37358/Rev. Chim.1949 

 

Rev. Chim., 71 (6), 2020, 321-326                                                           324                                    https://doi.org/10.37358/RC.20.6.8198                                                          

    

 

 
                                             a                                                                b 

Figure 2. Fe speciation in EC process of WFGD wastewater 

on voltage (a) and electrode gap (b) 

 

Floc speciation dependent on initial pH 

As the dissolution of Al or Fe electrodes and the chemical form of corresponding ions are 

extremely dependent on pH atmosphere, the metallic speciation are compared in the range of initial pH 

(pHi=7~10) as Figure 3 shows. There are respective optimal pHi values for Al or Fe anode, and 

generally an alkaline atmosphere favors the formation of Alb or Feb. Alb reaches the max values at 

pHi=8, while the max value for Feb occurs at pHi=9. The Al speciation change differs from what Hu et 

al discovered before [8]. In our study, Alc does not increase with higher pHi condition. The profile of 

pH vs. time for WFGD wastewater during EC process is given in Figure 4. A decline, not an increase 

in pH with time is observed and then stable at a certain value. It indicates that the amount of hydroxyl 

ions available to the process of Al3+ hydrolysis-polymerization-gelation-precipitation becomes 

insufficient. When comparing Al anode with Fe anode, a lower pH value is obtained for Al anode. Fig. 

5 also compares the evolution of Alb and Feb speciation at same initial pH (pHi=9). Both of their 

contents approach 45% after 10min. Feb content exceeds over Alb content after 25min, and even 

increases gradually. It may be explained by the oxidation of ferrous cations, when dissolved oxygen 

(DO) is present.  

 

 
                                  a                                                                     b 

Figure 3. Distribution of Al(a) and Fe(b) speciation at different initial pH atmosphere 
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                Figure 4. Evolution profiles of pH            Figure 5. Evolution profiles of Al(b) 

                              during EC process                               or Fe(b) during EC process 

 

4.Conclusions 
Al and Fe flocs produced from electrocoagulation process for WFGD wastewater are investigated, 

in order to further discover the mechanism of pollutants removal. During electrocoagulation process, 

both of Al and Fe present speciation distribution, including Al(a), Al(b), Al(c) and Fe(a), Fe(b), Fe(c), 

respectively. Al(b) and Fe(b) respectively represent the generation of the polymeric hydroxy complex, 

when Al and Fe were used as anode during EC process. The higher contents of Al(b) and Fe(b) in 

speciation distribution favour the pollutant removal, but pH, voltage and electrode gap have impact on 

their generation as well as contents.   
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