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Abstract: This study implemented an integrated precipitation-air stripping-electrochemical oxidation process to treat limestone
wet desulfurization wastewater, systematically investigating the effects of operational parameters on chloride removal, nitrogen
elimination, and organic pollutant degradation. The removal mechanisms of multiple contaminants were comprehensively
elucidated. Through response surface methodology (RSM) optimization, the salt precipitation achieved 66.9% chloride ion
removal efficiency under optimal conditions (Ca/Al/Cl molar ratio of 6.8:1.9:1, operational temperature 37.5°C). Air stripping
was conducted under alkaline condition, which attained 76.5% ammonia nitrogen removal efficiency. Finally, after 180min
electrochemical oxidation, the effluent ammonia nitrogen and COD concentrations were significantly reduced to 7mg/Land
165mg/L, respectively. Mechanistic analysis revealed that the introduction of calcium-aluminum salts facilitated the
transformation of tetrahedral AI(OH), into Ca-O-Al octahedral under high Ca/Al ratios and appropriate thermal conditions. CI"
were immobilized through adsorption or ion exchange by calcium-aluminum bimetallic layered hydroxide, then the
CayAl,(OH),Cl,*10H,0 was formed and precipitated from the water. After precipitation-air stripping process, the residual Cl
concentration in the effluent was high, enabling its participation in electrochemical activation, and generating reactive species
such as *Cl, *OH and '0,, Thus those pollutants such as ammonia nitrogen and organic matters in the effluent was efficiently
purified by direct anodic oxidation and indirect oxidation of active substances.
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Fig.1 Flowchart of deep purification for multiple pollutants in desulfurization wastewater
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Fig.2 Removal of chloride ions in wastewater under different

technical parameters
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Fig.3 NH;'-N removal under typical technical parameters
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Fig.5 Variations of the precipitates derived from the process: phase composition; surface chemical state
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WA IR K Ut ie - A BE 5 CL 5 =il 3300~3600mg/L, K H] Hi Ak 2% F B AT i B2 1540 b



3082 HOE

R 45 %

A, KA H U 7 AR R R S I AL G, TR B R
T 15 0TS P o, Bk AR AL B A, T RS AR 43 i /K
PR e R AR 075 e RAE R B HR )= ) (i RC
R'%5), I 2010k CO, Al HyO 3K /N1 A =
PR 1~12) AR IG A T, RS 11 B4 4 7K P
027 b B 180min I, 7K AR TH 2 A A COD LB 7y
HIEE] 97.9%F1 84.0%(I& 4), /K Z &A1 COD K J&
SRR ESR Tmg/l 5 165me/L AR T BT i i
LR

NH,"/NH, —>N, 1 +H,0 (6)
R—>»R’'—»- CO,,H,0,etal 7)
Cl Y eCL;2CI (aq)%cb T
Cl, +H,0 > HCIO+H* +CI’ ®)
NH," —H90 5 NH,CI(NH,Cl,, NHCI,) —
N, T+H" +CI° ()]
NH,"/NH, —2"% »NO,” + H";NH,"/
NH, —1% yN, 1T +H,0 (10)
R __eCUHCIO oo CO,,H,O,etal  (11)
R__t0H/0, o CO,,H,0,etal  (12)
3 it

3.1 HERUUEM BLCa/Al/CL LL 6.8:1.9:1. #:AFIR
[ 37.5°CHAT ClERRFIE 66.9%, 00 & Eh Tl
Y O, A1 AI° & B L e HE T DT 4E AI(OH), [
Ca~O-Al J\TH A B4k, C1 3 i W B 1 FH a1
A S FeE B AHY) CasAlL,(OH),Cle10H,0, i
B /K A4 CLF5

32 HAAWMMBMY B YIME pH HA 12.0. S
2L/min:L #EAEIREE 45°C &4 R, & 22247 150min,
AALBRERIL 76.4% MMAKAETE T 2 A 156 T
SR ARG It 12 28 3 5 B M KA ) SO IR 3
3.3 KT 24 )E, H/KE A . COD AH
G B B KT 9.3,180,0.033me/L, A (AL T
MEIK TG BeIHE SRR UE) (GB13456-2012) 7] 32k O
SE BV YW B BRAE EPR % | L oK SE it &
,0H. «Cl. 'O, %3 MM i 5 T 2 %A COD 4
T B A L R

S 3K
[1] YanJ, LiulJ, Ye W, et al. Enhanced organic compounds utilization and

desalination of coal-fired power plant FGD wastewater by mixed

bacterial sulphate reducing consortium [J]. Biochemical Engineering
Journal, 2020,159:107549.

[21 A& 4 5ROETNE NS, S MVEIREE S SRR I LE A IR SR IR A 9T
[7]. HEFEERE, 2018,38(5):1774-1778.

Sen W, Zhang YJ, Dong P, et al. Experimental study on the
comprehensive recovery of high-salinity wastewater from wet zinc
smelting [J]. China Environmental Science, 2018,38(5):1774-1778.

[31 SO 1E A5 kT R O S 28 e i s B 7K Ak B B

FEIFSE ). EFRETRL, 2018,38(12):4476-4483.
Zheng H, Zheng C, Yang Z, et al. Numerical simulation study of
desulfurization wastewater treatment based on flue gas injection
evaporation [J]. China Environmental Science, 2018,38(12):4476—
4483.

[4] E A, 5K S A A g AN HL T I ARE A 7K o 528 7 I e bl AR 7
BERE (1], BUARALL, 2021,41(11):67-71.

Wang Z L, Zhang S H, Qi W J. Research progress on chloride ion
removal technology in desulfurization wastewater from coal-fired
power plants [J]. Modern Chemical Industry, 2021,41(11):67-71.

[51 i A5E VR R A K PR TR RIS (1], B
1., 2016,36(4):101-103.

Wu J, Chai T, Fang Y L. Study on chloride ion removal in high-
chlorine wastewater [J]. Modern Chemical Industry, 2016,36(4):101—
103.

[6] Zhang L J, Lv P, He Y, et al. Ultrasound-assisted cleaning chloride
from wastewater using Friedel’s salt precipitation [J]. Journal of
Hazardous Materials, 2021,403:123545.

(7] B, IRV 9 7 5%, 46 3 st SO0t et K Pl S i L 24
1k [3]. ToalbsKAbFE, 2021,41(6):5-9.

Hu D, Wang Z, Yang W, et al. Optimization of the process for
ammonia nitrogen removal in desulfurization wastewater by breakpoint
chlorination [J]. Industrial Water Treatment, 2021,41(6):5-9.

[8] M EMIT R A% IRE AR UASB RE A A MR %
ERALTIE AL [I]. A PR R 2, 2021,41(10):4686-4694.

Yuan L, Yuan L, Chen X, et al. Study on the mechanism of excessive
ammonia nitrogen removal in anaerobic ammonium oxidation UASB
system [J]. China Environmental Science, 2021,41(10):4686-4694.

[9] wasEhl e e, il BLKYS Ye bl TARCEE 5 0 M. dbats S5 240A
JeAt, 2023:163-174.

Gao T'Y, Gu G W, Zhou Q. Water pollution control engineering (5th
Edition) [M]. Beijing: Higher Education Press, 2023:163-174.

[10] B E) ™ bt By 5, A5 R 72 26 -z D R h 2 R R Bk
J& 7). BUARAL T, 2019,39(6):80-84.

Zhao X G, Yang S H, Chen F R, et al. Technological advances in
ammonia nitrogen removal from landfill leachate by stripping method
[J]. Modern Chemical Industry, 2019,39(6):80-84.

[11] Gingerich D B, Grol E, Mauter M S, et al . Fundamental challenges
and engineering opportunities in flue gas desulfurization wastewater
treatment at coal fired power plants [J]. Environmental Science: Water
Research & Technology, 2018,4(7):909-925.

[12] HRLSC, J 7k i, G2 Ji B JR /K Ak B R R BLIR Bk 3], T 2R
6T, 2023,50(6):93-96.

Zheng G W, Zhou Y Q, Cao S A. Current status and advances in

desulfurization wastewater treatment technology [J]. Guangdong



6 3] PIEEAE: WIEBR K 275 B IR EE v A LA TR 3083

Chemical Industry, 2023,50(6):93-96.

[13] Yan Z, Dai Z, Zheng W, et al. Facile ammonium oxidation to nitrogen
gas in acid wastewater by in situ photogenerated chlorine radicals [J].
Water Research, 2021,205:117678.

[14] Wu Z, Fang J, Xiang Y, et al. Roles of reactive chlorine species in
trimethoprim degradation in the UV/chlorine process: Kinetics and
transformation pathways [J]. Water Research, 2016,104:272282.

[15] Sun H, He F, Choi W, et al. Production of reactive oxygen species by
the reaction of periodate and hydroxylamine for rapid removal of
organic pollutants and waterborne bacteria [J]. Environmental science
& technology, 2020,54(10):6427-6437.

[16] Dong B S, Bi T Q, Wang X, et al. Degradation of perfluorooctanoic
acid by chlorine radical triggered electrochemical oxidation system [J].
Environmental science & technology, 2023,57:9416-9425.

[17] Ma D, Walkwer M, Heaven S, et al. Preliminary trials of in situ
ammonia stripping from source segregated domestic food waste
digestate using biogas: effect of temperature and flow rate [J].
Bioresource Technology, 2010,101(24):9486-9482.

[18] Mandala P, Manoj K Y, Guptaa A K, et al. Chlorine mediated indirect
electro-oxidation of ammonia using non-active PbO, anode:
Influencing parameters and mechanism identification [J]. Separation
and Purification Technology, 2020,247:116910.

[19] Wang J, Zhi D, Zhou H, et al. Evaluating tetracycline degradation
pathway and intermediate toxicity during the electrochemical oxidation
over a Ti/TisO7 anode [J]. Water Research, 2018:324-334.

[20] BE1T, T B0 IR A8 I I T VA I A L A - SRR & L2

AEFRRBIER [7]. PRI, 2017,37(3):948-955.
Hou W Z, Ding J, Zhao Q L, et al. Optimization of the electrooxidation-
flocculation coupling process for advanced treatment of landfill
leachate using response surface methodology [J]. China Environmental
Science, 2017,37(3):948-955.

[21] Pang W L, Hao L W, Shu M T, et al. Removal of chloride ions from an
aqueous solution containing a high chloride concentration through the
chemical precipitation of Friedel's salt [J]. Materials Transactions,
2018,59(2):297-302.

[22] Zhou Z, Zhu Q, Lan Z, et al. Insights into chloride sorption and phase
transformation of the synthesized Ca-Al bimetallic oxides in flue gas
desulfurization wastewater [J]. Chemical Engineering Journal, 2023,
475:146214.

[23] Kang D, Yu X, Tong S, et al. Performance and mechanism of Mg/Fe

layered double hydroxides for fluoride and arsenate removal from
aqueous solution [J]. Chemical Engineering Journal, 2013,228(14):
731-740.

[24] Li Q, Yi H, Tang X, et al. Preparation and characterization of Cu/Ni/Fe
hydrotalcite-derived compounds as catalysts for the hydrolysis of
carbon disulfide [J]. Chemical Engineering Journal, 2016,284:103—
I11.

[25] Kondratenko E V, Baerns M. Catalytic oxidative dehydrogenation of
propane in the presence of O, and N>O: The role of vanadia
distribution and oxidant activation [J]. Applied Catalysis A General,
2001,222(1):133-143.

[26] Boysen H, Lerch M, Stys A, et al. Structure and oxygen mobility in
mayenite (Caj2Al4033): A high-temperature neutron powder
diffraction study [J]. Acta Crystallographica, 2007,63(5):675-682.

[27] Yang X, Tao Y, Murphy J G. Kinetics of the oxidation of ammonia and
amines with hydroxyl radicals in the aqueous phase [J]. Environmental
Science: Processes & Impacts, 2021,23:1906-1913.

[28] Zhang Y, Li J, Bai J, et al. Extremely efficient decomposition of
ammonia N to N, using ClOe from reactions of HO+ and HOCI
generated in situ on a novel bifacial photoelectroanode [J].
Environmental Science & Technology, 2019,53:6945-6953.

[29] Liu X, Wang J. Selective oxidation of ammonium to nitrogen gas by
advanced oxidation processes: Reactive species and oxidation
mechanisms [J]. Journal of Environmental Chemical Engineering, 2023,
11(3):110263.

[30] Appiani E, Ossola R, Latch D E, et al. queous singlet oxygen reaction
kinetics of furfuryl alcohol: effect of temperature, pH, and salt content
[J]. Environmental Science: Processes & Impacts, 2017,19(4):507-516.

[31] Myers R J, Geng G, Rodriguez E D, et al. Solution chemistry of cubic
and orthorhombic tricalcium aluminate hydration [J]. Cement &
Concrete Research, 2017,100:176-185.

[32] Yang Z X, Shang J, Yan G X, et al. Preparation and evaluation of
Pd-Sn modified Ru-Ir electrode for denitrification of high chlorine
ammonia-nitrogen wastewater [J]. Environmental Science and
Pollution Research, 2022,29(11):15337-15346.

[33] Panizza M, Cerisola G. Direct And Mediated Anodic Oxidation of
Organic Pollutants [J]. Chemical Reviews, 2009,109(12):6541-6569.

TEZ BT : ZIEHE(1998-), 9, 2 P A, FL W BI T2 LB o2k,
BN KT et 5 T ¢ T AE. 1113173758 @qq.com.



