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Abstract:

carbon—nitrogen ratio imbalance, and difficulty in biological treatment of leachate in the later stage of

Aiming at the problems of high ammonia nitrogen concentration, poor biodegradability,

domestic waste landfill and after the landfill closure, a combined process of the three-dimensional
electrolysis, A/O and ozonation was employed to treat the leachate in the later stage of a landfill. Through
the continuous operation and commissioning of the combined process system and the adjustment of
related process parameters, the stable performance and effluent quality were achieved. The optimal
operating parameters were as follow: continuous inlet flow of 3 L/h, pH of 8-9, the electrolysis time of 16
h, the current intensity of 25 A, the residence time of nitrification and denitrification of 16 h, the reflux
ratio of nitrification liquid of 200%, the carbon to nitrogen ratio (COD: TN) of 9: 1 by adding glucose as
carbon source, the ozone concentration at the ozone generator outlet of 56 mg/L (gaseous), and the gas

intake rate of the ozone catalytic oxidation section of 3 L/min. The removal rate of COD, NH,-N, TN, and
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TP was 96.41%, 99.91%, 98.68% and 98.18%, respectively. The effluent quality met the requirements of
Standard for Pollution Control on the Landfill Site of Municipal Solid Waste (GB 16889-2008), and the

operating cost of the system was 6.51 yuan/m’.
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catalytic oxidation; full quantitative processing
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Fig.1 Flow chart of the test device
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Tab.1 Pollutant removal at different current intensities

o H

FEL 3 5 /A

5 15

25 35

HEK(mg-1.")[2 600.4(2 550.0 ~ 2 679.0) | 1 762.6(1 738.1 ~ 1 805.7)| 1 835.4(1 812.3 ~ 1 865.7) | 1 866.6(1 838.1 ~ 1 892.6)

COD| /K Amg-L™")| 963.7(925.2 ~ 1 024.5)

635.1(605.0 ~ 686.6)

647.4(621.6 ~ 686.3) 708.7(662.0 ~ 749.2)

)% 62.94(61.76 ~ 63.72)

63.97(61.98 ~ 65.19)

64.73(63.21 ~ 65.81) 62.03(60.41 ~ 63.98)

HEK(mg-1.")[ 1 880.4(1 809.3 ~ 1 919.6) | 1 410.2(1 379.5 ~ 1 461.9)| 1 425.0(1 411.1 ~ 1 439.5) | 1 438.5(1 421.1 ~ 1 457.2)

SR K (mg-17)| 877.7(824.6 ~ 906.2)

318.4(294.2 ~ 341.0)

206.0(198.2 ~ 211.0) 237.0(221.3 ~ 255.2)

EBERI% 53.32(52.79 ~ 54.42)

77.43(76.67 ~ 78.67)

85.55(85.20 ~ 85.95) 83.53(82.49 ~ 84.52)

HEK(mg-17")| 2 146.6(2 093.3 ~ 2 177.7) | 1 549.6(1 529.6 ~ 1 580.6)| 1 540.7(1 525.1 ~ 1 573.2) |1 560.3(1 549.1 ~ 1 580.2)

BA| K (mg-L7)|  894.7(847.5 ~ 917.5)

532.3(510.6 ~ 560.9)

423.1(409.5 ~ 433.7) 487.4(469.8 ~ 497.4)

FR2/% 58.32(57.87 ~ 59.51)

65.65(64.51 ~ 66.62)

72.54(71.94 ~ 73.33) 68.76(68.39 ~ 69.67)

K (mg- 1) 14.7(14.4 ~ 15.0)

45.3(44.9 ~ 45.8)

46.4(45.7 ~ 47.6) 53.3(52.0 ~ 54.9)

Bl | K Amg- 1) 4.8(4.6 ~5.0)

1.4(1.3 ~ 1.7)

2.12.0~2.2) 6.0(5.0 ~ 6.6)

FRE% 67.57(66.80 ~ 68.38)

96.87(96.34 ~ 97.18)

95.55(95.23 ~ 95.69) 88.74(87.92 ~ 90.41)
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Fig.2 Pollutant removal at different electrolysis times
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Tab.2 Removal effect of major pollutants in each treatment unit during continuous-flow operation

sl CcoD NH,-N TN TP
K 1970(1864~2035) | 1778.85(1741.62~1831.97) |1 837.67(1 796.29~2 067.74) [14.81(14.03~15.17)
—ES K 1309(1264~1360) 641.97(613.73~692.27) 694.16(644.73~731.71) 2.05(1.97~2.15)
—Z AJO K 1224(1 164~1293) 533.47(507.77~577.23) 632.05(621.44~658.88) 3.30(2.44~4.78)
THEES K 797.4(783.2~806.3) 172.21(141.57~195.87) 350.20(335.47~374.55) 2.06(1.99~2.34)
Y A/O K 520.3(477.9~596.4) 47.01(46.51~54.84) 65.01(59.27~70.56) 3.29(3.26~3.46)
=g K 319.6(294.9~332.4) 1.52(1.28~1.74) 25.08(21.62~27.32) 0.69(0.65~0.78)
R K 70.60(65.44~77.55) 1.65(1.40~2.52) 24.27(21.11~27.07) 0.27(0.22~0.49)
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Fig.3 Color of effluent form different treatment units
3.5 MUEEERIT
3.5.1 =H4er i A LI
= YEH AL LR E AR PLIE, —JE = 4L
P rp AR Y - OH A H,0, 6 2 SR AU URK
TR A AT A B A SR AR
B TAFAER, = 4E ™ A 1) 5 S AR ME P 5t Clo- AT

PAZBRER " . ERATEWNES B b Y i AL AL
S (3 530 A BRI JS2 IS SR S I8 L S ) S

2NH,(aq)+60H —N,(g)+6H,0+6¢ (1)
6H,0 +6e —>3H,(g)+60H" (2)
2NH3(aq) ? Nz(g)+3H2(g) (3)

AN AP435 2%, 10 Oswin 5
A AL FE AT SR NH, 9 3% 2 I 200 B R B 7
T N T (N D E5 A0 N, 1 54 AR A A BLE TA
N, SR TE IR 5 T 300 Kl 2 N, 25,
[F) BF s A 2% 35 4 th N, 2 H A ) P ) NHL I AR
W HRETHE 12 352 B9 J2: Gerischer 251 $2 H 1Y
G457 T W BHE B T S B o T A ik i S 1 e
AR Fer 5 [H 4 BA ik 5, ol LU 2 38
AYBE A AL A A AR IR N, A K o i i 52
PR, T BE SR AR S B IR T H 2 8
JFANEI BN R

INO,” + 106 +6H,0—>N,+120H" (4)
NO, + 8e+7H,0——>NH,+100H" (5)
UREL N T e H



%3945 £233H

OE 4 K HE oK

www. cnww1985. com

NO, + 2¢+H,0——NO, +20H" (6)
2NO,” + 6™ +4H,0——>N,+80H" (7)
NO, + 6e+6H,0——>NH,+80H" (8)

A R A B e P A D A AR AL R
RS R RSB AL, X — L BT A AE RS
IR TP =W 2.7/} il G =R 8% Y5 X A
TERl — RN A, B AR R B i 3 (R N
X ) = A A AR R T AR DX TN A A i B
F AR AR LR A X, BT DA AR AR AR DR IR AN
2 IUAH B SO BRI I S S BRIB AT A R L
PSR N R AT AR SO o Bl A PR I R
B, 7 A SR AR R SRR G 22 I AR
ek e, (VLR U B 0o o, LR 2 T A T AR R
JNE  ANFTF A
3.5.2 AR m B IR A AT AR A

B IR 5K () BOD/COD H 0. 17, 26— %% = 4
H i Ab RS T2 0. 45, AT A Ak MRS DU =, A R T
JEEE A/O HEALAN ], YIS B R P A AL
Wy 5 A M T A ) R A 1 SRR W TR S U
A=, 1 55 T A= 0 B () A8 WL A 7 3 SR M
NG RERAZY 5 T e R T R g G N B UN L AR
) 58 45 A0 R ) 5 - OHL R HL O, 26 ] L4804k 2 Ja) 3 48
AR5 DR P ME T A YRR AR A L, T3 = T35
TEIR ) A A=A
3.6 BIREBAERZEZTHAMGE

ZB U AL P R G328 1T RS Ja /KK B AT 8
kbR, ez T R, EEETIRHCRE R AL
Km e b 3O TE . —4E i i SRR A (VRS
WA 5 X BXAL L H WA HLFE, 73 5128 0. 15,
0.133.0.50.0.183.0. 113 kW -h/m®, B f} L) 0. 588
Jo/ (kW -h) 31, Wz 4T 2% 143512 0. 088 2.0. 078 2.,
0.294 0.0. 107 6.0. 066 4 JG/m*; ikt ORI AL, N
0. 55 kg/m*, B4 LA 9. 8 JT/kg 1T, Wis 17 2% 4 5. 39
TC/m s IR, %4 0. 405 kg/m, BAMTH L. 2 TT/kg,
BT R 0.486 JT/m’. HIL, 28 B iE 17 A N
6. 51 J0/m’, SEBRiz I n] 25 FE AR g Jat by ik 7K A5
YRRt , AT A 84T A
4 #Hik

O R =4E#-A/O AL - RS T Ak
PR S 37 J5 B DR, 76 S K i R 3
L/h .pH 24 8~9, Hfif B TC HL MR S 0] 4 16 b HE AL SR JEE

25 AL AL SR T A B RO AL B A BE s TR 2k 16
h AR I [R1 EE R 2009% | 45 s R (A 258 ) 4 4
HEKBR A (COD/TN) R 9: 1, DL K AR K A g i 1
B 56 mg/LURE) R AL AL B it <
43 Limin AT 46 T 24 COD VA A EA .
AT ) 25 [ 243 W1 R 96. 41% .99. 91% . 98. 68% Fil
98. 18%, tH 7K 7K i ik H] Az 1 1 P SHLHE 37 175 G 42 il
FRUE) (GB 16889—2008) 136 2 fHR .

Q@ EARGMBIFRAL N 6. 51 i, R7=
A RS, VT S B R I JE B e 4 Ak
AbFR, HLSERRIZ AT H A SR e AJO H T 45 BRI
(] T AR 478 TV A 7K S5 19 190 A 7 IR R A

) =2k FL A — Al Bl FL AR T DA S R s 3 3
Y 5 W15 08 B A, I RE R s BB Y T A 4k
PE AR T IR 2 A0 TRy #E— LA AL AL

Sk

L1 ] skAFsc, T30, B, 55 . Ak A2 MAP ¥ R AL

EERBIB WA AL ] P EZAKHK, 2022,
38(9):25-32.
ZHANG Cunkuan, DING Wenchuan, ZENG Xiaolan,
et al. Optimized electrochemical magnesium ammonium
phosphate method for efficient ammonia nitrogen removal
from landfill leachate [J]. China Water & Wastewater,
2022,38(9):25-32(in Chinese).

(2] BAs, Pvelss R, 55 . IR 5 i SR AL IR AL BT 3

BUSW X LL AT L] AEM AT, 2022, 8(3) : 108~
111,119.
HUANG Ge, SUN Jianting, ZHENG Wei, et al.
Comparative analysis of waste leachate treated by
membrane method and advanced oxidation method [J].
Biochemicals,2022,8(3):108=111,119(in Chinese).

[3] PRI, %5 APk . =4l A A 5 /K A B v (1 7
M BB SRR 2, 2012(11) :35-38,60.
MENG Qingjie, WU Yong, KE Bin. Application of 3D
electrode  method in sewage treatment [1].
Environmental Protection and Circular Economy, 2012
(11): 35-38,60(in Chinese).

[4] TE fl, BE%. =4 BORTER K AL B b )
WS R ]. AL T, 2022,42(6) : 78-82.
YU Pan, YU Jian, XIE Jianjun. Research and
application of 3D electrode technology in wastewater
treatment [J]. Modern Chemical Industry, 2022, 42
(6): 78-82(in Chinese).



www. cnww 1985. com

AR, Z e fE-A/O- B AT VAL B R Y) e i IE R

%395 %23

(5]

[10]

[11]

SR R, BAREE, . S 4Ei - iob - oy
T A A A PR FRAR SR AL B (R K T2 ()], W s
KM ,2018,40(7) : 14-18.

WU Zhiyu,

Research on the

LI Jianping, WANG Yixuan, et al.

treatment  of three-dimensional
electrolytic—microelectrolysis—electric Fenton oxidation
(1] Electroplating and Finishing, 2018,40 (7): 14-18
(in Chinese).

ASAITHAMBI P, GOVINDARAJAN R, YESUF M B,
et al. Removal of color, COD and determination of
power consumption from landfill leachate wastewater
using an electrochemical advanced oxidation processes
(1] Separation and Purification Technology, 2020,
233: 115935.

PR, EAkA . BRIk BRI BOR MO A P Tl R
K iy W g R ()] AR, 2020, 41 (4) -
100-102.

LI Zixuan, WANG Jiquan. Iron—carbon microelectrolysis
technology and its research progress in treating industrial
wastewater [J]. Building Materials World, 2020, 41
(4): 100-102(in Chinese).

T, ERRLINVER . REMAEATS IS BB
B R SBCRE 3 A (D). b BT IR £ A L 2020, 38
(10) : 197-200.

WANG Zheng, WANG Jiayi, SUN Huizhi. Analysis of
the efficiency of ozone-catalyzed oxidized sludge and
landfill leachate [J].
Resources in China, 2020, 38 (10) :
Chinese).

B, BT, TR, AR NIRRT IR - R AL R
AL BEATAR K — 2 ok D], b 25 7Kk K, 2023,
39(1):26-33.

ZHAO Meng, WANG Panxin,

Comprehensive Utilization of

197-200 (in

NING Chao,

et al.

Internal  circulating  fluidized bed-ozone catalytic

oxidation process for treatment of petrochemical
secondary effluent [J]. China Water & Wastewater,
2023,39(1):26-33(in Chinese).

ZHOU M H, FUW J, GUHY, et al. Nitrate removal
from groundwater by a novel three-dimensional electrode
biofilm reactor[ J]. Electrochimica Acta,2007,52(19):
6052-6059.

PRz Zs . @AM AL S AL BOR X BFFE D .
AU AR, 2008.

CHEN Jinluan. Electrochemical Oxidation Technology

[12]

[13]

[14]

[15]

[16]

[17]

[18]

and Its Application [D].
2008(in Chinese).
YANG C H, LEE C C, WEN T C. Hypochlorite

Beijing: Tsinghua University,

generation on Ru—Pt binary oxide for treatment of dye
wastewater [J]. Journal of Applied Electrochemistry,
2000,30(9):1043-1051.

OSWIN H G, SALOMON M. The anodic oxidation of
ammonia at platinum black electrodes in aqueous KOH
electrolyte[]]. Canadian Journal of Chemistry, 1963, 41
(7):1686-1694.

BRADLEY J M, HOPKINSON A, KING D A. Control
of a biphasic surface reaction by oxygen coverage: the
catalytic oxidation of ammonia over Pt{100} [J]. Journal
of Physical Chemistry, 1995, 99(46) :17032-17042.
VAN DEN BROEK A C M, VAN GRONDELLE J, VAN
SANTEN R A. Determination of surface coverage of

catalysts: temperature programmed experiments on
platinum and irdium sponge catalysts after low
temperature ammonia  oxidation [J]. Journal of

Catalysis ,1999,185(2):297-306.

GERISCHER H, MAUERER A. Untersuchungen zur
anodischen oxidation von ammoniak an platinelektroden
[J]. Journal of Electroanalytical Chemistry, 1970, 25
(3):421-433.

AL G GV RS A3 S AL EX T AR
WO SR 2 ,2011,31(8) :69-72.

XUE Lijuan. Study on the impact factors of coking
Il
Environmental Protection and Circular Economy, 2011,
31 (8): 69-72(in Chinese).

A W KL A R R BRI 3
TR RS ERER R[], AL T2 4, 2015,66(6) : 2288~
2294.

LI Desheng, HU Qianyi, CUI Yuwei, et al. Chemical

catalytic

wastewater  treatment by  micro-electrolysis

removal to simulate nitrate nitrogen in

groundwater [J]. Journal of Chemical Engineering,

2015,66 (6): 2288-2294(in Chinese).

EE BN AR (1964 ), 5 ILERIN A AL+, 24
2, R T R 4K 5 IR KA FRE AR |
KRGS

E-mail : ksz@hnu. edu. cn

s B #:2023-01-11

&= B #:2023-02-05

(% - 25180 )



