F 195 FE 20202552

;/T‘ f@ = gi é jﬁ Vol. 19, No.2 Feb. 2025

CHINESE JOURNAL OF ENVIRONMENTAL ENGINEERING

@ http://www.cjee.ac.cn @) E-mail: cjee@rcees.ac.cn G2 (010) 62941074

DOI 10.12030/j.cjee.202409150  HE42% X703 SCHkbREES A

S 5 LA A B FH I L 3 R R R K B P REE

TREF, BR?, XAl
AR KSR TR BRI 4300705 2. WAL A B3 1 B BHERH B AT LA 7], RIL 430200

W B NI R EEARA R, AT I & 55 S R g 0 M IR AR B AR A B, T/IrO, /N BEAR,
FHE AL ZA0E R K Hr % NH, N T NO, N 43517 FHAR AN BAIRR &2 A AL AR SRS R, Fe A R SRR . e eI
A2 A Ak e 5T T 93 BH PR AR 199 T4 A7 X (BRI S poh i, SRS 76350 B s e A it TP T SCRF LA R . FL T %
JE A SRR K h R R A A AN 22 bRl 12, S RS AR 5~50 mA-em?, HLFRATE 200~1 000 uS-em™
i, AR SEIEE A Y T2, B TR R K e I RERE A i () [m) L, AT 9 et r St b b 5055 ) ) S
FCHL I FEAE T AR Z 18] (B0, A 3502 T MR AR, A L T B =R L AR A R IR — B U AT A 83.783%
MIREFE. o), NIt RN BRI =Y IR, R SR BT L e g SR D B 2, I T B SV IR K 1 Ak
B, SCPLALE 80 min PNREMEE K 28.174 mg L7 [ E 0919 mg- L', ERZFAH 95% LA E, K SRR A kT
FE TG AR TSR HERRE ) (GB 18918-2002) H—2% A brufirPHle F4E vk, A TIRE (HFKIFE R
HARE ) (GB 3838-2002) HH b AK M ZE T 2K 2 7] . ABFGTUE R T BR A ffge X FARH SR E K S e, AIE
IR O SR B T 1 L

KR RAEERR; HIEAK; R AABREL; RS RTE

TESFRIR R K HECE SR T, VA (total nitrogen, TN) il AN E— " A8 AR, B EAYE
TEREET AR EETHE, GE NSRRI AR e, RRKBRN LR EEAFEESA (NH, -N) /Y
AALFIEIRER SR (NO, -N) iRt f2, 7EEZn Y astbad firh, sk SR LB L A E L
RRHEY I HARMER R S AR 2 R SIRAKF (<1 mg- LY. Bk, TRR—FrEE K b B AL B 5K
SRR, LASEER B R SRR, HAT BB

FBRK P EIRER A de i WAL BT R B Ak . B MRS E Y, ek S e AR AR I
JEERK, PIRESTE L AR, AR, AR B R AR R | AR A RIS A T 27 2
KL IE, SR BESCIEZ =YL E AT . H MONICA % 7 1980 4FHGE, EidH b
TR AT A S0 25 5 KR A AR TR BOK PR LG YY), 2 e At Bt A e iz v 2Bk
SRR IEOCER, WG )T BRI KA SR, B SAEAR R T SRR AR Y
g, BRI T AT E 0 T EK, KRR H SR A%, XA S AN T
100 mg- L™ AYERFIZKIR, HLSR{UAE 50~500 puS-cm™, 4T FIREZM 0.002 5 mol- L', mAKTRKEE
TP A S Fom T, KT SR B LG YA B, DoAY T [ Y ik T A s
LA A PTG A R RS, o IC R VR L s, FE AR S IR, R 62T T AR
WERGIN, AR R, WA IR S S R AR SRR T KA R AR A, SR A
KF, WINEIMNAZR 2 T 808 B AN KIE N, THRERE KGR ZEK, EERTREFE KI5
Yeo YANG SN T —Fp i il BHAR B s i s R g, AR Ti,0, BB RAE R BEM , MAKH 5%
(178~832 uS-cm™) JRKh LBRptAE, IEA T Wb~ N it b5 s (4 Bn] DL 2B S8k
R TE YY) SR L, SRR KB AT, (AR DA BT X HE SR AR B S PR KA TAH DG Bl 124 A
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5%, HRTHIADCHTF 2T AR AR R A & T2, i EAE R T RS rh F B — 25T
ZARRNZEERM, ORI ES RS i, o TR S S

AR RIS AN BPRIRIRE, R HBR A s A= S R e B, 7K NH,-N Al
NO;-N Zr5l e M . BIM & AR A AR I s g, AR g ibR . B, ARUFER AL o 1
TLIRAR AR AN Ti/IrO, PHRR Y T AR 7 A i, SR 573 P f et Ao T SCRp LA o . L s
JEE A R XA R K R R AL s A R BR B 2, XK B SRR [l &, A el e i 25 A )
B IGRIE T, FEAUITAE SRR BT RS, B m XK IR AR e K A I FL A 3, B
80 min TN KBRFIAE] 95% L) I
1 MRS EE
1.1 i FISEE

SIS BT VSR A S R B (KNO;, =99.0%) . ik (NH,Cl, =99.0%). JC/KBMH (Na,SO,, =
99.0%) FMHBLIKHIE . A ARSI RAL =
1.2 MR5EE

H A2 A I B 7R ST R R A S AR SR Ay, R H R R Al R i = A RS T, TR AR
(CV) SRR (LSV) Al TR AL A A R AT 1, lan, FERSRREh = A7
16T HL A ARSI PR TR =R A . FERE SRR, T LARYE RSN AR ER L 1L |
VEPEMESE . L, PTDRYER AL -2 e PR, ITTARA L A2 PERE, IEAh, AR A iR
FLAV I TR AR FLA SR A FELA, PRI T LA S50k SR REAE R, ARSI ) — A RAE = T N ik
17, M EA TR BHITRE, CS310) Hbay Eymr, AR (2 emx2 em) FHFITH SRS BIVE R %)
HL A NS LA . BRI R M1 IR 22 th 2% 23 I 7E 0.1 mol-L™' Na,SO,. 0.1 mol-L™' Na,SO,+20 mmol-L™'
NO; -N BRI, TAERBCAEIRE (1 cmx1 ecm); FABZRMAIIR L ZTE 0.1 mol-L™' Na,SO, Fl
0.1 mol-L™" Na,SO,+20 mmol-L™" NH,"-N ¥k P i#h 4T, AR N TVIrO,(1 emx1 cm), HHHH AN 10
mV-s'. Hrf, Ik NO,-N FIFHH NH,-N 4351H1 NaNO, 1 (NH,),SO, &5 .

ARSI TG0 s AR A BT K h 2R, DS a4 2k. SRabsisy 35 mL, BHARAR
RN TirO,, MM AR AR RS, AR 3 cmx3 ecm, f#i ] (NH,),SO, ¥ Hl7A rh & A R,
Na,SO, 8% NaCl i T B F /KA S g O il i 3, RIS AR AKAR R i 35, & 200~
1000 pS-em™ W EZIFI, 1E 5~50 mA-cm > BYHLIRA B T A THUAR, Aok . WAlmRER . AR .
SRR, (st AR, BRI A G S A TR, e 20 mL-min ™',

KRR TTRE RN T . NH, N Bk B R A R e (HT 535-2009), NO,™ -N SRAIE
AR (GB 3838-2002), N, fr & flFHICE ESHEI TR

fEFE (electrical energy) ARHE (1) #HATITHE.

A ENAERE, kWhm™; USRI, Vi THRIR, A;  ONRBIE, h; ColMlihm Ak E,
gm”>; C MR ¢ RIERMBRREE, gm™; V ONAEHEKAYWARR, m~,

2 HR5TH

2.1 FABAR TAEERfIAYRRE

ESTBRIGHLR 20, BRSO B T2 280 W 1(a) T, LB iR
% (LSV) FELEH A Y-1.0 V(vs RHE) BHE H 3 — A R AR R0, TAERATE R F-1.0 V I, WS
AT AT RGBS, T A T S k1.2 v, DT R R SRR SRR I 2 ) & 2
Ti/IrO, FHMTE Na,SO, #RH 1) LSV LR 1(b) B, B R@mA NH, N J&5, 76+0.6 V 224 g%
W S A, RGBT AR — 30T, R IATE TilrO, PRI TAEHLAI 2 T-+0.6 V I NH, "N iJ LIAT
AR N,

E= UIt/log(%)V ()
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© 0.1 mol - L' Na,SO,+20 mmol - L' NO,;-N

10 5 ©0.1mol +-L"Na,SO,
00.1 mol + L' Na,SO,
ol R 31 e01 mol - L™' Na,8SO,+20 mmol - L' NH/-N
5 -i0p ;
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CERivAY LRI
(a) BHAR A i (b) BAMLTI/IrO, itk

1 PARGEIFSFEERARFIPER TillrO, EBAREY LSV RALihLZE
Fig. 1 The LSV polarization curves of the copper foam cathode and the Ti/IrO, anode

PRUETEOL T, BERRE R A L )M FR, BIRASIRER S b R s vt #E v A X 3) #o, &
SNV (4) Fis.

1
NH; — ENZ +4H* +3e~ E°=-0.28 V(vs SHE) 2)
1
NO; +6H" +4e™ — ENZ +3H,0 E°=+1.17 V(vs SHE) 3)
NH; +NO; +2H" +e” -» N, +3H,0 E°=+0.89 V 4)

i3 Tafel $5% Ak B 58 0 IR B A1 B AR Ti/rO, f B AL 22 ATy, IRl 2(a), I IR AR IR 72
0.1 mol-L™" Na,SO,+20 mmol-L™ NO, -N W I BIMK 2t HAT—0.40~-0.30 V L PEX I, I Tafel #1%
Z9°% 11.468 mV-decade™, U 2(b) iR, Ti/lrO, FHHLE 0.1 mol-L™" Na,SO,+20 mmol-L™" NH,"-N ¥ [H
WhZe P A TE 1.35~1.50 V IIZMEIXIR, FL Tafel RERZ00 4.027 mV-decade™ . H1VL LBl AR AL T ZE
AT D52 P65 by el A2 RS ol E S B, Y TR AR BB A Ti/TeO, AR 465 (ot i 37 0 1 15.57x107° mA il
11.73x107° mA, IR B AR A7 +0.289 V, Ti/lrO, FHBA AHXS B I a7 o +1.221 v, FiliHZ%
HAMATE TN (A R BRaT LA R Al

2 2
1F 1k
< L
£’ < 00
B 1t £ 2 0.4
4 A =]
2 BS gl gg
Eﬂ 27 % 0.8 |y=-11.468¢ | E: 2r £-10
_o] 1'0 —-4.466 . . = ? 1.2 y=4.027x
B By, 0.3 3t - 6002
N - =130 1.40 1.50
-4+ LR IAY . BV
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ALV HLAL/V
(a) JEIRHIBIR (b) PR Ti/IrO,

B2 EFSERARAN Ti/IrO, BEHRAT Tafel fhiZE
Fig. 2 The Tafel plots for the copper foam cathode and the Ti/IrO, anode
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B, B BIE ] Na,SO, Al NaCl A 5 i TR i, X FRA GRS A M. 7 5 mA-cm™
AT LR AR SE S, R 1A s 2 h AR AL DA AR ER VR S Sl R R B PR = A R . A
Na,SO, 1E R ZHF RS, FEMRPIIAEZ N 20 mg L™ AUR[EIHL S5 (200 A1 400 pS-ecm ™) 5T, 2h N
SR WAL CEIRIEIE /N 0.05%), WASIRERAE (NO, -N) FIfSIRER A (NO, -N) ¥/ NFROTE MK
TIFRAE 0.003 mg-L™" 1 0.080 mg-L™", iXFIHERH T S & AR EEREO T, PR E A
FFRIEL A SR AL R K2 . 7E NaCl VR i i AR AR R A O T, AR 0k
200 uS-em ' i}, 2 h NEEBSA LD, W42 NO, -N Hl NO, -N AU EEEE, FIg TR, F&
16 2 h B A A R T Uk B 1 0 28462 0.028 mg- L', %Sl NaCl B4 AnHL 558 & 400 uS-em ™' B, ZA
FALHRI IR, MWEAR 20319 mg- L' [E% 7.324 mg-L™', A BHAR S AL Z A ROH LI AT LIS
3 FHLRIEEERIVER, 43l BRI A R L CL/CIO- [al#E Mk, Hirp C1-/Cl10-2k A
F NaCl, i 2 h JFERET 63.96% 1Y NH,-N 1L E A, HIEARURSWEER RS, C1-/ClO-[|]
A AL BRGSO ML AT LA =X (5)~aX (8) MEA TR

2CI" — Cly(q) +2¢ (5

Cly(q) +H.0 5 HCIO +CI” +H (6)
HCIO = CIO™ + H* (7

2NH; +3ClO™ — N, +3CI™ + 2H" + 3H,0 ®)

ARSI AR, FKH CURIFAE ST LA CLO- iR RSN EEAEAAERT, ZEMIAR R s 2 AU 4R
o EAESEPRBK T, TUHORBE TREA R RROK AT, A—EREBR LR CI, Pk, R
BEFE Na,SO, 1A ST FHLR
F1 £ 5mA-om” [BRRBEEFM TEMR 2 h ARTEHNREREEL

Table 1 Changes in nitrogen mass concentration during 2 hours of electrolysis at a constant current of 5 mA-cm

FOTR BRI EE/(mg L)
200 pS-cm' Na,SO, 400 uS-cm™' Na,SO, 200 uS-cm ' NaCl 400 pS-cm' NaCl

FLF ST )/

min

NH,N NO,-N NO,-N NH,/-N NO,-N NO,-N NH,-N NO,-N NO,-N NH,N NO,-N NO,-N

0 19.84 BD BD 19.78 BD BD 20.288 BD BD 20.319 BD BD
20 19.84 BD BD 19.77 BD BD 20.219 BD BD 17.339 BD BD
40 19.84 BD BD 19.81 BD BD 19.647 BD BD 14.623 BD 0.051
60 19.84 BD BD 19.77 BD BD 18.754 BD BD 12.615 BD 0.070
80 19.84 BD BD 19.78 BD BD 17.833 0.023 BD 11.380 BD 0.124
100 19.84 BD BD 19.78 BD BD 17.299 0.026 BD 9.300 BD 0.203
120 19.84 BD BD 19.78 BD BD 16.951 0.028 BD 7.324 BD 0.241

E: BDFEAMMTHILIR,

2) WAL . R TR A SRR, & 3(a) NHLR 500 puS-em ! BUBRKTEA ] HL i 25 e A
HEAFT, BOKrh R AR TR BRI AR TE O, 18] 3(c) SWBCE BRI AR KRR L U 2
N 15 mA-cm* IR GRS s DL, B1I&D 3(b) AT 3(d) BUE EZ TR, AR LRI
T MR R AR O Rsh Ty B, AR AR APV TS OU T, i ri 2 B sl K B R
FRYBESARET AR A ER,

LA 5B R B A R A R B L R, 1A 4 Rl LIE T, AR S Ry
T ERTRBURIEL, #I50 0.002 4, R 0.939, [Hitt, ZEmrhEg s wwEin= (9) .

k=0.002 40 9
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K o MHEFE, uS-em™, HFHRN 200~1000 pS-cm™; i HHEFHEE, mA-cm?, BRI TS
A 5~50 mA-cm 2,

60 e
B R i £
—'__] \'\‘.'&\ el o 2 T o ’,E 501 . /."
t.m 15+ Y ~ Tl i = | _’/
‘E’ ‘é\'\. -------- Q 50 40 /_/"
i N g ke
% 10} T NGB 53 7
S NN & 0l -
= AT 5 20 e
h« St \?\ \A- ﬂﬁﬁ /". R=0.948
& o5mA-cm? 0 l10mA-cm? N Tn_ & = 10 .4
A30mA-em? vS0mA-em? Ty - [
0L L L L L O A 0 L L L L L
0 20 40 60 80 100 120 0 10 20 30 40 50
3 LA A]/min L% )% /(mA - cm™)
() AN L 3 2 T R S WL A e T )72 1 (b) FR LR 7% B L& B
20 'I"’===::--.-. ~ sr o
o O T iy = 40t e
'T] \_\ 1\_\' -~ ~ .. . g 4: /,-
g 15+ \v\‘\:.‘\"\_\ .-l 5 35 . /’/'
% ‘\v\ . i~ ~a éﬁ 30 P
> 10F e \-\_\ = I . -,
I8 =200 S - cm™ N A g » o
E ©400 pS - cm™! T * & 20r Lo R=0.955
W Sf A600uS-cm S ® st e
v 1000 uS - cm™ . it .
oL . . . . . > R or ° . . . .
0 20 40 60 80 100 120 200 400 600 800 1000
HLf I} E)/min LS - em™)
() ANl G 2 1 T SR e BB L A o ) £ 72 4 (d) FR LR ARG B
B3 BREEMBSENTERSNAISN
Fig. 3 Influence of current density and conductivity on the oxidation of ammonium nitrogen
2.3 fERREhHPE RS 60 | 7
D) s SEAAL . GE P i A B £ .
N N S = 50+ P
PANBHBR AR5 HARBE A 4, HUpli a o
IR AEPINEN, TSRS R 2 40T o
WAE R KA A BER 2548 o (Bl T = 450 A & 30} .7
R, RIAEE KT B AR T 2P A0 5 ';Eita! ol . e 1=0.002 4
vy i R=0.
JE, SRR KB 15 e 2 b ity ¥ o o
TR, BN RRAECR, SR &7
THISRMEAIBOK . N BRG], AP O 0 15000 2080025 000

DCHEFARRE R, BT T R R S A R
AR E AU N g . A BFSERY K, B
AL R B AU NS RS A G Al R e
e iR 1~2 B g, fa T AIfE
JRRETs, SAALsh A RE s B 2 10 4, FRAR
90% RIHLEERMIA . SIMOES 22 Wi Fe kW], M7 Abl (m) Bt ) i > USRS S B 1A% TR , R NEE R
OISR 2 . GONZAGA 25 HFFERMT, AT A% e 8] 18] B )t o S B s A sl it
M2 T 15 Y PIRIREARRE

AL R AEBY (A - S - em”)
El4 SREMREBEERERESHESFRFIROEN

Fig. 4 Variation of ammonium nitrogen oxidation rate with the
product of current density and conductivity

AP L SO R AL B LA NP AR AR (AT AR, - [RIAfelf FIBG S A A AR LA — i B TR G218 42
1 BN T S HUAR TR A B, PR PRI Nafion1 17 BRI = 4008, /il Bl A, Hom
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19 %

BEANE S Fis o Aot al#E e 2 8 SR RE 361 7
PREE AR SRR 220K 8 mm.

HE 6 ATLIE 1, 5% 8 900 pS-cm™
fF, 2 FE i a2 A LR EM LT3R 2 FrafER
TR 400 pS-om™ MUUTFEA BT, X
WEHE T F—20 i R TR A R
(T O (ENE i RN SO e 1) WO [E RS Y (A S T
T HLR T A AR R R, A R O P A T
R (4EHF 30 mA-cm ® WIS FH S0
JEFRFEETE 12 V LA L), BlEZ Ik A2 H BB THFELT
K, AFFEFRN . MRSERET, Hah(Es
217V BIEEHEE, A, B 2h )5, RERF

HIRHIBI  Nafioni Ti/IrO, Bk
El5 BHiRsstsiaREE

Fig. 5 Schematic diagram of the self-made flow
electrolysis cell

FlR R R RAE 46.45%, Timshi it E & LR A]5A 97.78% .

25 ¢
~ BEN, 4 NO-N SNH-N
= 20} :
N
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& 15T
i) L
& 10
ﬁ!é
g °f
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3 LS 7] /min
(a) f&4i a2 HLfftoh

25 ¢
BEN, Z4NO, N XNNH,-N

JRHHeEE /(mg - L)
s & 8

W

777

(=)
383
S
B
(=1
D
(=]
o0
(=}
—_
(=3
S
—_
393
S

3 Ha s} 7] /min
(b) i FL A

T AbBK M35 mL, FEE 20 mL - min™, R F42900 uS - em,
6 fEEBEBEEEEARBEE 2 h NRTRIGRELN
Fig. 6 Changes in nitrogen content within 2 hours of electrolysis in a traditional single-chamber electrolysis cell and a
flow-through electrolysis cell

nER 2 Frow, ASWIESE I FH A gt i =X e it
B BETHAES U PR A 16.217% (i R BEFERT Y
EIH5R), RIEHEOLFCHEE A AR
AR G Y SR d L A T2 Y RE
BRI L, IR RERE R, RERE
fift 1 AXTE TS I RERE N 6~38 kWh'm™, i
P RN A% RGN AR W R A T R S0 L RETHAE
43514 3.8~35.0 kWh-m™ F1 2.0~10.2 kWh'm >,

2) Iy HL vk BRI IR B K R . ARSI E
TR B S R AR 7K FE TR AL, A 5 R Uit
WA Y, S U8E R VS eE A
i gs . FES A EA 25733 mg L', HIRELAA
1.829 mg-L™', ME N 28.174 mg L', HFRAY
832 uS-em o AN THAIEIK , HESEIKAAATE
TR AN F AT S, s A E AR R
NATBES T HE S AR, SEUAZRT TN LA
SE4x. HUI AR HP AR BR BEAR = H K TR i

®2 TEEKIET 2/ R GReFExItt
Table 2 Comparison of energy consumption of different
wastewater treatment processes/systems

i . ; fig %
TZERSE By W .
¢ - - [(kWh-m) Sk
PO A i 15.9~43.323 AB5E
o BA 28.174 mg'L"' .
TRBH S A 0.6~10.781 AW
PUIRE 1 pmol-L™! 28
} e — PR . [24]
AT o 1 pmol-L 38
HL i .
FEARIPA 1384 pmol L 25 [25]
WRIAE 313 pmol-L! 6.5~8.5  [26]
ELZNER ;i L 200 pmol-L™! 35 [27]
ES FTH 04~17.4 pmol'L” 3.8-19.0  [28]
AR 200 pmol L™ 4.6~102  [27]
DRt n
FACRE 43 umol-L™! 2.0 [29]
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W, AR NE 7 Fos. WE 7(0) s, ek SXINH,;-N EEEN, Z4 NO;N

SRR, 60 min 5 NH,-N 92 Rk o1 BRRES

96.63%, JLT-2HREEN Nyo T 7(2) TTLR  ~ 25 % SN ~t

th, e 60 min Y, 15 NO, -N WRIEREIIOR 7 | ol

P PEREE N, BN, SRR EEE NH, N £ g

HOVRBEATRBI LT, SRR RS & ) 2

By, AP R, POk NO, N IR & | 21l

(A E TR E =Y N, (HERREs 8 e

— 4 NO, N & Al e o ik 5 ol NH,-N/ F 5T "N &

NH,-N(Z 7 20%), 3 5 AHF 52 0 55 96 25— ENTNBEN TN BN R/ W

B SCRTGPERR I BRI, TR e P

B2 NH, N 78R S FURAE AR oK A, i A% (a) Bt (b) PH#E

TN EhEASAR. 7 SIRAEHE 60 min EIREIRENRTEN
R, ABHFEXTHE T 2 Fleb fpsek, Risam RERETL

FLAR R U o BRI ERLARIERA | PR 3 S Sy, Fig. 7 Changes in mass concentration of nitrogen in the
KA, R e fiA Ry R K U 38 A BH AR 5 A1 B A cathodic chamber and anodic chamber after 60 minutes

=, IRIRE NH4+—N A FN NO, -N WIE RN, of electrolysis alone

H A B AR SOS R PMFIVE R, 4R A Ref NS Bt FARTS IR £6R,, X — ROV EKEAEA
PUEIK AR A B

TR L £ e 4 K R B 2, AT
U, X 2 BT LML oK T LB A 8 T bosh o TTeTTee
TR, TR, B R R R Sl
B, CRM TR 2 SERE: 6%k, Bk Z N
PR R A AU S ORI, R R i R *..

AR R, TEAFER 7() e, — AN 2 10p .

Wb A B TR E RS R LK T B o5l g ®

HOT WP A A S R 5 R R T =
95.33%, FARFMNILS . FIBIEHESRE S 5k o 2 4w e
NH,'-N SR LA N, FIRE NO, -N; Ik LR min

BB NOy -NOKIEH FEALEFER NO;-N ik 8 2 MBI TIAREHKRANRERESTK

Hii— s E AR Y NO, -N) Ry N,o lil5z Fig. 8 Total nitrogen concentration in the effluents of the
e N . N athodic chamber under two electrolysis processes
UL EUSTREVKIEAE 80 min JSFEZE 0,919 mgrL ™, -
MR (HFKFF R RARE ) (GB 3838-2002) AIAMEELSIZ/K BUR Z/K-FA THZOK MR 2 T 20Kz
], A TIRE I AR 5 bR ) (GB 18918-2002) Hh—4% A ARifErh e ifEmli i, 5
SRR, WU HL A T S REAS IR SR K TP S AR A R, B THEER — I B AR S e A
SN RTINS AL, RS BB S b ks A AR IR ER S EUR IR < IR Gl I A AL
AEFR T2 ASEIR L F AR, AT HBRTHAE . SR, AR R, TESCIRas iy, Bk aa
IIRAFAE DR, X AT R SNBSS N P E] P AR BB, Ble b, YRR T FRYEM R
B F AR T i A AR GE T TR N ) F N, B S R R A AN LA, SERRIE K A B I AR A 2
R, RBRAE RS Z N T ESCRK, RN G il = BAE R R v b a] i S v Az
FAE ML 75035
3 e
AT A I K R AR, IR = T 28858 T NOy =N 1 NH,*-N [R]if ] N, i)
¥tk
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1) B s R R KT TAHIDCS 124 e, R EAE 5~50 mA-cm ™2, HLFRTE 200~
1000 pS-em™ B}, ZAMAMETENFRS) 175, AR G0 SRR R RFE L, REh
0.002 4, R* 7y 0.939; (i HRBHIEKAEERE SR BRI A& L, BOKTPWERAEAE—ER) CI, 25 AH
CIO- R HESMNAESAAA R, EmiER AR AL,
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Performance of a denitrifying electrolyzer applied to low-conductivity
dredging tailwater
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Abstract To address the over standard issue of total nitrogen in dredging tailwater, a nitrogen removal
electrolyzer that employs a copper foam electrode as the cathode and Ti/IrO, as the anode was developed in this
study. This system utilizes electrochemical redox reactions to oxidize NH,"-N at the anode and reduce NO; -N at
the cathode, ultimately converting them into nitrogen gas for removal. Initially, the electrochemical polarization
curves were used to investigate the working potential ranges and corrosion resistance of both electrodes.
Subsequently, the effects of supporting electrolytes, current density, and conductivity on ammonia nitrogen
oxidation in simulated wastewater and its removal kinetics were studied in a conventional single-chamber
electrolytic cell. The results demonstrated that ammonia nitrogen oxidation followed pseudo-zero-order kinetics
at the current density of 5~50 mA-cm ™ and the conductivity of 200~1 000 pS-cm™'. To mitigate the high energy
consumption associated with electrolyzing tailwater of low conductivity, the electrolytic cell configuration was
improved by using a flow-through electrolytic cell that compresses the distance between the two electrode
plates, effectively reducing ohmic voltage drop. Compared to a single-chamber electrolytic cell, this
improvement saved 83.783% of energy consumption for each order of magnitude reduction in ammonia
nitrogen. Finally, to address the issue of byproducts resulting from overreaction, a "sequential electrolysis"
reaction route was adopted and used to the treatment of actual dredging wastewater. Within 80 minutes, the total
nitrogen concentration decreased from 28.174 mg-L™' to 0.919 mg-L™', achieving a removal rate of over 95%.
The concentrations of total nitrogen and ammonia nitrogen in the effluent were far below the control
concentrations specified in the Grade 1A standard of China's "Discharge Standard of Pollutants for Municipal
Wastewater Treatment Plants" (GB 18918-2002) and fell between the water quality standards for Class III to
Class II surface water in the "Environmental Quality Standards for Surface Water" (GB 3838-2002) in China.
This study demonstrates the applicability of the nitrogen removal electrolyzer for low-conductivity wastewater
and provides a new approach for advanced nitrogen removal from wastewater.

Keywords nitrogen removal; dredging tailwater; electrical conductivity; electrooxidation of ammonia;
electroreduction of nitrate
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