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Abstract: To address the issues of high NH,-N and low carbon to nitrogen ratio (C/N) in the
wastewater in the service area, this study systematically investigated the feasibility of electrochemical
treatment through three phases: bench experiment, pilot test, and a demonstration project. Key influencing

factors of electrochemical treatment were analyzed, and a predictive model was developed to identify
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optimal process conditions, thereby validating the effectiveness of the demonstration project. During the
bench experimental phase, the single-factor method was employed to identify voltage, salt dosage, and
retention time as the critical parameters for the electrochemical removal of NH,~N. During the pilot test
phase, prediction models for NH;—N removal per unit power consumption and power consumption per ton
of wastewater were developed using response surface methodology. The coefficients of determination (R?)
for the two models were 0.98 and 0.99, respectively. The optimal process conditions identified were as
follows: voltage ranging from 8.3 V to 8.5 V, salt dosage between 1 000 mg/L. and 1 600 mg/L, and
retention time from 30 minutes to 45 minutes. Under these optimized conditions, the NH,—N removal per
unit power consumption ranged from 9.2 g/(kW+h) to 11.2 g/(kW +h), while the power consumption per ton
of wastewater varied from 4.3 kW +h/m? to 7.5 kW +h/m?. Finally, the demonstration project confirmed the
feasibility and economic viability of the electrochemical pretreatment coupled with biochemical processes
under optimal conditions (voltage of 8.5 V, salt dosage of 1 400 mg/L, retention time of 45 minutes). This

approach effectively reduced NH;—N at the source, thereby decreasing the load on subsequent traditional
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biochemical treatment processes to ensure the effluent NH;—N always lower than the discharge standard.
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Fig.1 Electrochemical experimental device
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Tab.l Parameters design of interactive experiment

JnEhiE/(mge | N
Gty 7K - I 5= B2 IF[8] /min | it 0 HL R/ V
-1.68 190.92 19.77 6.32
-1 600.00 30.00 7.00
0 1 200.00 45.00 8.00
1 1 800.00 60.00 9.00
1.68 2209.08 70.23 9.68

F2 WAz EHRIE 75

Tab.2 Scheme of response surface experiment

s X /gL | Xymin | xgv | e | TRV
'z kW™ h™')| h'm™)
1 600.00 | 3000 | 7.00 | 595 | 168
2 | 180000 | 3000 | 700 | 533 | 207
3 600.00 | 60.00 | 7.00 | 592 | 287
4 | 180000 | 60.00 | 7.00 | 899 | 434
5 600.00 | 3000 | 9.00 | 7.12 | 491
6 | 180000 | 3000 | 900 | 1055 | 671
7 600.00 | 60.00 | 9.00 | 287 | 9.09
8§ | 180000 | 60.00 | 9.00 | 949 | 14.13
9 19092 | 4500 | 800 | 628 | 4.02
10 | 220908 | 4500 | 800 | 1130 | 7.08
11| 120000 | 1977 | 800 | 769 | 2.19
12 | 120000 | 7023 | 800 | 752 | 843
13| 120000 | 4500 | 632 | 467 | 142
14 | 120000 | 4500 | 968 | 641 | 11.72
15 | 120000 | 4500 | 800 | 1025 | 4.68
16 | 120000 | 4500 | 800 | 10.12 | 4.74
17 | 120000 | 4500 | 800 | 1126 | 426
18 | 120000 | 4500 | 800 | 975 | 492
19 | 120000 | 4500 | 800 | 975 | 492
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Fig.2 Electrochemical equipment for treatment of
simulated wastewater under different voltage and salt

dosage conditions

ME2 T LLE W RS V ARG INER 4%
PR B 2R R R NH-N (9 2 BR R R4 2%, £ %
BALL I 3%, AHL RN ZE 6 Vi, NH,-N LR
Jo i R o (HSE SN T 400 me/L Y NaCl LU
FEHLEST B 5 A6 VIR AT, NH,-N 2 BR54301
H 38. 46% F173. 01% , H. NH,~N 25 4 Z Bt i) 8] () 184
Tl 2 o DR R F Ak AR A 2 B NHL-N Y
I AT LA 43 Sk L SR AR R 8] 22 S A0 9 A X0, Y
NH,—N % W% B 1) BH A 9 1o s, 25 % A8 L FH6 8%,
A LR, WD) . Y% W& A CURF, CI
STEHRAL AR T R 8 A s v e (E 2 h
AR, W (2) F(3) o XA TR 2K NH,-N
FAL AR SR IE XA S C, S B L7 B4 14571
L) R ()" WL, WP & A CrE
BF Bk 2F 25 5 NHL-N DU 4k o &, B TR
) S TN RN 45 B8 B ] 7 SIE 4 349 i 6% 15 hn vk LR 1 7
i, T DA Eh i L RS R A )2 Al A A

R NH,—N [ S K 25
NH; + 3:OH—>0.5N, + 3H,0 + 3¢~ (1)

2Cl = 2 —>Cl, (2)

Cl, + 2H,0——>HCIO + HCl (3)

NH, + 1.5HCI0—>0.5N, + 1.5H,0 +
1.5H" + 1.5CI- (4)
NH: + 1.5HCI0O—>0.5N, + 1.5H,0 +

2.5H" + 1.5CI (5)
2.1.2  FREZEEHE
TR | H R R4S B A R R AR A AR AL S BR
NH,-NA EZF R & 3(a) Al (b) iR, 4
JER 7V i 600 me/L i, NH,-N 22 4+ 43 5]
410 mg (30 min) A1 14 mg (60 min) ; 4HENI V.,
Jn £k 4 600 mg/L B NH,—N 25 5543 51 4y 45 mg
(30 min) fi1 70 mg (60 min) . 445 &4 i} 18] AU £ 5
NS E S A X NHL,=N 0 2 R il i, x5
ZHTRIBFR S RV BVH 2 5% ) A S fb &
B NH,-NRCRGEE R R

ki
m600 mg/LL

PR

e 1(9)8 -wog;lg/n el 188 ®1200 mg/L A
E  80[ ®1200mel i gop “1ROmet
. A1 800 mg/L .
= e =8
H 50 *  H 35
40 “ "7 a0 *
- 30 -~ 30 ]
jus) ° jas}

201 & 201 ¢
“ ot 8 . “ ot "

70 7.5 8.0 85 9.0
HLHR/V
a. {5 EA IR A] A7 30 min
EN S

7.0 7.5 80 85 9.0
HLE/V

b. {584 5} 6] 2 60 min Fif
- -N bk

3 3

IENT PJIE

14} =600 mgr. 14} =600 mgt. A
®1 200 mg/L. ®1 200 mg/L.
B0 12} 41800 mg/L B0 121 41800 mg/L °
=22 =R : .
bty 6 A ol 6 :
Xz - LI I
@ 4, ° e 4r e
=T 2t @ =T 2
0 0
7.0 7.5 8.0 85 9.0 70 75 80 85 9.0
CENETAY CENEAY
c. 15 B BF 1] 24 30 min B} d. 5B B E] A 60 min B
i 7K FE F it I 7K FE L 3

El3 {=EEatE . BE. MEEX NH-NEBREFNMKIEEES

520
Fig.3 Effect of retention time, voltage and salt dosage on
NH,-N removal and power consumption per ton of
wastewater
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Tab.3 Analysis results of prediction model of Y,

WH | CFAM | HBE] B F{E P{H
FEHL | 104.81 9 11.65 | 61.39 | <0.000 1%+
X, 32.12 1 32.12 | 169.29 | <0.000 1#*
X, |02830| 1 |02830]| 149 0.253 0
X, 3.35 1 335 | 17.67 | 0.002 3%
XX, 5.92 1 592 | 31.19 | 0.000 3**
XX, | 722 1 7.22 | 38.06 | 0.000 2%
XX, | 9.99 1 9.99 | 52.66 | <0.000 1**
X2 3.84 1 3.84 | 2026 | 0.0015*
X2 12.31 1 1231 | 64.88 | <0.000 I**
X2 38.51 1 38.51 | 203.00 | <0.000 1**
R | 171 9 101897
ST | 01732 5 | 0.0346 | 0.0903 | 0.9894
WET | 1.53 4 103835
M| 10652 | 18
e R B e FM R

HR A T ALY | AV FE AR NH,-N 25 B B A7 7 i
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Fig.4 3D surface plots and contour plots

M 4(a) (b)) AT LLE IR, B R 3G T, B g
FENH,-N L FRat e K w0UN X 2 Ko G fUE
FYSE N, NH,-N Z5 B i BOAR 238 K {H FlL fig /K £
HHGHFER R BE UL AERS I, BT LB FLFE NH,-N &
Bk B P 1 ek, AR B H R 1 A B L 8. 0~8. 5
V5 AR BB R, LA L FE NHL,-N B i bk g
HE & B NNER M 2 5 A, ndh s %45 1 000~
1 600 mg/L. BRI, 5 €0 B B oy T2 S50 A 35 X
B, BRI R 8. 0~8.5 V. Jin#h it 7 1 000~1 600 mg/
L, B NH,-N LBREEM 9. 2~11. 2 o/ (kW +h) .

Y, TR A A3 A 25 R WL 3R 4 Y, TIO 4SS 8 i) 41
A5 R (P<0. 001) , P REUR A 0. 99, Hi%
LAY (1) S AT {2 2 (P>0. 05) , % AU AL R 457 6
HVEREES . RS IR T R i (X)) R
A1) (X,) LR R (X)) 3 2k f2 35351 (P<0. 001) , H X, 11
FAHFCR X, IR Z X, W f/y R Wb it 45 f B

(B TR R 35 25 X6 Y, 7 A 2 R ), JOF LA 6 46 [T o
b L, I RS R B R VE S Y, AR R AR Y, T
AR LR 52 BN ER H4 1 000~1 600 mg/LL, [K I [ &
T hnER R 1400 me/L, A8 155 B2 I ) R E PR X
i 7K AR A A S, AR 4 (o) RN (D) s . Al A&
B, 457 B BSF ) A |l G, T K R R TR R R
17 I 7K P 2 2 S B B AR B, {E s e 7K R
P, e R 0 23 ol NHL,—N 25 BRACRAE AR, (R sk
T (e 5 R Ry I K AR L A (4. 3~7. 5 kW -h/m?) T2
SR F X IR, B HL R4 8. 3~8. 7 V 5 B I [A] Ay
30~45 min.
x4V, FAERSFTER

Tab.4 Analysis results of prediction model of Y,

WH | CEA | ABE B3 F{A P
B | 20575 | 9 22.86 | 191.60 | <0.000 1%+
X, 14.03 1 14.03 | 117.60 | <0.000 1**
X, 47.89 1 47.89 | 401.40 | <0.000 1%*
X, 12425 | 1 124.25 | 1041.42 | <0.000 1%
XX, 2.34 1 2.34 19.60 0.001 7*
XX, 3.11 1 3.11 26.03 | 0.000 6%*
X,X, 8.29 1 829 | 69.50 | <0.000 [**
X2 109699 1 [09699| 8.13 0.019 1*
X2 [04471] 1 |04471| 3.5 0.084 9
X 5.34 1 534 | 4477 | <0.000 1%
BRAE 1.07 9 101193
JeI | 07813 5 01563 | 2.14 0.240 8
RZEI 102925 4 |0.0731
B | 20682 | 18
e MR ORI

2R FL7 HELFE NHL,—N 25 B ot A K FE HL 3 T
BN XI5 B8 B[R] A R
435124 1 000~1 600 mg/L.,30~45 min F18.3~8.5 V,
LGB BRLAS7 R R NHL-N 2 B 2 A 7K FE Fi 3 331 ok
9.2~11.2 g/(kW-h)Fl14.3~7.5 kW -h/m’,

2.3 TRMEEBILGIE

P HLFE NH,-N 2 5% 5 R0 i 7K AR H o 04 T
REHY R LEAS [R] I £R 5 45 B8 I [R] R F S 25 1 R ¢
BT LI P A SRR A () SRR (Y, Y,) BV A Ak
2B AN K NH,-N LB E A, T
B UFE A7 FLFE NH,-N BR it i ACRE H 1 A K LAk
2R3 B AR 7K NH,—N 25 5 £ T A 72 ) v ff 4
B TS R A2 5 1 0 R GRS, 3k 5 R .
[F #0517 Y, Y, 08 T A R B S A, A&l 5 R .

+ 110 -



www. cnww1985. com ESF N

R TIRSE B AR @A AL T LA

F41k FH3H
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H A B SA PR 2200 5. 81%, JUHAEn#:
4 1 400 mg/L 5 B IS [A] 2 45 min (L 8.5V
B SR, Ak 2 A B K NHL,—N 25 B3 0 7
B A 73. 23 o/m’®, 1 HLSZAE A 74. 91 g/m’, 1R 22
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Tab.5 Validation results of prediction models

iy Y, T |y, ¥ YJZYYE:ﬁWﬁ
I (m‘, X,/ | Xy | B Age | DA/ | B ifé/ 5 ESL
i ﬁ)mm V| kW oW | T
h—l) h'mﬂ) rn’}) g %1%
1 [1000| 30 |9.0| 877|531 [46.57|50.01 | 6.92
2 [1000| 45 | 8.0 | 9.68 | 4.40 |42.59| 46.08 | 7.53
3 11000| 45 [ 9.0| 8.18 | 7.84 |64.13]70.12| 8.61
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Fig.5 Predicted and true values of NH,—N removal under

different electrochemical conditions
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wastewater after electrochemical pretreatment
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Fig.7 Change in NH,—N and COD concentrations in

influent and effluent
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