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Abstract: With the advancement of the standard for nitrogen removal from wastewater, challenges
such as insufficient carbon sources and low nitrogen removal efficiency have emerged in biological
nitrogen removal processes. To address these issues, researchers have been exploring the combination of
chemical and biological methods to reduce the demand for organic carbon sources and enhance the
effectiveness of biological nitrogen removal. The removal of nitrate nitrogen by iron—carbon micro-
electrolysis (IC-ME) was introduced and the galvanic cell reaction theory of IC-ME was briefly
described. The influence of different iron electrode and carbon electrode on the reaction, and the impact
factors and reaction mechanism of chemical denitrification and coupled biological denitrification by
micro-electrolysis were also summarized. Additionally, the enhanced effect of IC-ME process on
biological nitrogen removal was analyzed from the perspectives of the growth environment and microbial

enzymes. Finally, this paper addressed the current challenges and proposes future development directions
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Fig.1 Schematic diagram of iron—carbon

micro-electrolysis chemical denitrification reaction
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R ol R AR Bk, AT BE BEL A i 2 Bl R A I SR S i A 0E
17 BRI N KA %%, Bk IR R T — B
W B A 3 JE R R R A F A B 2 R R 4
1.2 BIT&E
1.2.1 pH

IC-ME 7EAN[A] pH 2544 F X} NOy =N 447 — & 1Y
F AR, FHiE F IC-ME 255 NO, —N 19 ) i J& T
PR AR S, 25 % 3R 5 1 T pH 7 — 2 3 Bl Y B A 5
H e P e, D P Tt 1 Pl 3 3K, A B Fe™ AT [HL
B AR 2 X NO =N B L BR M . Hu %A
RFE R RIR R T, pH R 3. 0~8. 5 i AT A5 Rk Ji
NO, -No R AR EM R (nZVD N HLAK . pH Ky
3~4 1}, nZVI B R BLG 0] 15 B 30 i, H 3R m
AN 5 W 1S B e A L i S 17 1) AL 2, T it — 2B B T
JNE ARk gk SCETRE Y & B, Y K pH
3. 12 . HRT ¥ 60 min i}, IC-ME % 4 %} NO, -N iy %
B Ak 93. 2% ; 76 it pH 25144, IC-ME & 4t %t
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1.2.2 kit (Fe/C)

Fe/C J2& 52 Wi i i e G R0 e B IR R 22— 38 2
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i RGN AN 15 /L A8k, Wi T i S e b
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HRT, BARIE B UE WA K R R U W O R
AR B VA B 1 TG R 18, (H AT 38 Ao 1 A2 S £ Fe/C LE
(BRI e 1R 2R e Rl B R AR I
2.1.3 XHETEERIES A

BRI ZREEE AT AR A5 e AR T S 808 A
FI T A= YR B, 80 R ik 7 A= 1 P, 3t P B A
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A R SR, ] 5 Fer (Fe' B AN ER,
JE [ -Fe-EPS- ], &Y, DM fifi 15 Jé 45 #4) 55 fin g
FE o Xue 25 2SR H WL UASB 75 I8 26 1 2> H FR
LR R SR Y HE SR IO B 4 T R
T il A 1) UASB Y5 Y A i S0 55 323110 I A, 3R 1T
G . TEIC-MERA S A YA R G, Ay
152 TR URE I 19 4R 1 IC-ME [ i A i A
Yy A ISP B RURE 0 19 B T B R R L T
PRI AE 22 T YA R KA TRk (L Anfer g — 25 0
b - KRR A FFRARGT
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& T4 YA By pH YU Ll H O 7. 0~8.5,1C—
ME b2 it 20U W36 B A pH R 3 2647, I fl A
SRR, BT MY IR Z IR AT, pH — AN
HALT 6.5, Deng % 25T, pH HAKAT 5 A7 F)
TN NO, N 42438 i, 1 pH 5 T 8. 5 B 241
TR A R 0 A W SR AR T DR 5 58 R0 g
e fEpH R 7. 6~8. 4, AN, pH A 8. 8 J& J5 Hi th 2 7
FEAHLEC [ H Y BRI BR s R AR AR5
RECR .
2.2.2 DO

TEA W I BAK 2, DO BY A LE A F) T84 B
BN o BEA A0 2 30 i il 1 3% 12, 38
AR S AUNO, =N A S il Ak B A Se e 2 i v 1
Z A TATE NO, =N 38 A7 21 8 25 i o FE R ARAR
HEYB AR T, BT pH b s s , A
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I RO o Peng 55 PV IR & L DO X &
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A F T A FR A A B2 BBt g A% e E T B
He W) X Fe? Fll Fe,0, [ FeO(OH) [ %5 4k , 3 /> T
Fe,0, %} ZVI 437 . 24 DO # 0. 08~1. 56 mg/L i,
A ARG S AL R IG 0, X TN 738 5B %
IKF]90. 5% ;1524 DO>2. 17 mg/L i 258 1Y K i AL AE
FHAZ 2P0 . Deng % (MFFE R IC-ME # & 4E
Wy i A R GE7E DO g (1. 0+0. 1) mg/L IS, 38 5 15 3%
B Ta) 2 Ak S 3R - E R A RN S B T X A
AR A B K TP R ZE 25 B5% , NH,-N Al TN 5Bk 3%
3 MR RTE 92. 6% F195. 3%
2.2.3  C/NFBRIE

TERRIEAS 2 S DL R, IC-ME & AW A &
S P BB ] LAF P Fe?t | [ HZ50E Jy v A ik
17 A FR AL, LA /D X6 A HLBR IR B 75 R o 98 1
TR IC-ME M & A YA R AR A
H(C/N=0.1.2 3) BARHIAE DL T, X NO,—N 19 & Bk
4y K 60. 84%~63. 70% . 75. 92%~83. 45%
90. 86%~93. 83% H1 96. 26%~97. 42% , ¥ It T~ H #i
WG R RS, MG RGAEA LR 2 IR
BN AR AR . IR R ) B S A ALY AR

C/N T B S B2 A GE AT R SA B IR C/N T B9 57 97 B il
K-, THIAS T8 A BB 5 B8 AN AR A X £ 00 5 A A
BB PR S 07 B fi AER o AN [7] C/N A [] 286 28 e I
f9 IC-ME #5 H F% SR A Y B0 B iy 1025242028 I
Ko 4R RN, LN I LW TSR B A5 O ik PR S
B R A ST 5 o
&1 AEC/NFfRiR LB R AH U A B
Tab.l1 Denitrification load under different C/N

ratios and carbon source types

C/N @ﬁﬁ?_fg el e
0.445+0.011 TR A
0.5+0.1 0.423+0.015 L
0.362+0.018 iikiakic
0.43+0.06 0.34+0.01 FP i
0.5~1 0.373+0.11 s
2145 0.220 + 0.010 TSR K iR
24 250.176 R \NaHCO,
— 270.181 NaHCO,

2.3 ETHHREEHEBAENERNHR RS
IC-ME #5529 i 560 38 58 K 22 % AR AR B
v, HESEE I, B L AR AR 3 T e 1 AR
BOR A SEOR sl AR, 2 i R i AR P A R,
siAl TR S AR IARCR . R 252 T —LEkE
RN HURHE 2URIRT I A4 TN e Ragel 2224200,

R2 TEERKE R R SBIR R R TN B2

Tab.2 Packing forms and TN removal rates under different columnar reactors

WA TH IR ER MR /| TN 2B

ERBIIURDE S A VI Ve S " )
(mg-L™") 1%
BRJE ORI | . . 52405 SBR IV 8 N .
U FER (R 45 em A2 4.5 em AR FR0.79 L) R 30+2.5 90.7+2.3
B ‘@%@?ﬁ%% R (75120 em (AR 9 em ARUEBLS.73 L) | 157K A0 REGLT51R 40+3 95

BRI TG A A5 R DR TR (73 90 em (AR 8 em AU 4.02 L) |SE56%E SBR M #5758 |(15+1.0)~(30+2.0)|  95.3

BRAE BRI AR, A A EE EEIR R SRS PR (75 120 em (NAE 6

3 em om ATCER23 1) 1K) AT e 855 83.242.6
! : VPN Tolb KA ER
PRk R 25 0 ke EUR) B B CRAAR AR 500 mLL) Sl B 90~98 89.54
BN TEPER TSR [ p e JEOK AT R R .
Py AR (1.1 m N0 m AME4L) e 20+1 96.5
BRI AR A AR SER IR (75 45 em IR 4.5 em AT AT 0.79 L)| 525628 1S [ v #1518 25+2.0 90.5

P2 R 1 LA B IC-ME 5 AV A T2
AR, Hr B 2(a) Bl WG R R
I g 5 P 2 (b) J2 Niu 55 K 64 L ik P9 30 52
i, H L A N ERAE A LA XA R, BB TR

BUBHRE 2 BEA DA, ST5 K e M 72
HRIBE SN R, ST R IR L 5 >4 K2 AR B AR S
Jo A IEORL , U I AGE 2R R WORE RV AT K 52 75
Ve, —E R b e g T R R o A e 4 3 ZE A AL
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7] f50 , 75 B < F+ A 30 L/min . pH 4 8. 8 . Fe/C Hy 1:1
B, AR BN, P e 8RR 38 (73, 240. 5) %, B 2(c)
W R AE Ry DR AR IF0RE , T8 8 IR SR/ S/ 4 4005
15~ E WIS A RS0 (FelC-A%0) 1% T. 2 4038 C/N
1. 9~2. 5 1) = A BEARAR K B, 72 S HRT R 12 b
480t DO 4. 0~4. 5 mg/L IR-A WM L 4:1,
T s IR M A &4 F % NH,'~N ,COD . TN fil TP
1 2= 6% 2 4 5915k 3] (98. 140. 4)% . (90. 4+1.3)% .
(92.0+1. 3)%A1(97. 2+0. 9)%'"' . [ 2(d) (k444
SRS AL E RN T 3% Wk mc B kL , 5 353 f i 1k
Az it | B RS2 16 A P A LE , X NO, N
B L BRACR A B T 16.319%.19. 429%™,

e 3.8
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Fig.2 Typical coupling method between IC-ME and

biological denitrification process

2.4 WMETEEBRHERIBOVIESERE

WFSCUE R, BROIHE & 21 W i A2 LA F 3R S Ak
B IR AL R N 3, T 255 OB Ak 2 IR R A
TS ) I el A 2320720003 g A K SR
TR 3 s . A % SO A A T i v A
H A R L, A R AR 3 JE M0 kA AL (NDFO ) J2 Bk Blk
A A= P I A RO P B LAY 3R R AR AR L
R ek (1) AL T (NRFOB) A2 LA Fe VE Ry i 13t
PRALREHEAT NDFO BB PEANER . 22 BUH R T T
A TE AT S 5% B Al 1) Ta] s ) Bk 4 2R 14 T AL
14T NDFO SR, fHIGIE AT B — B NDFO S
Deng 552 A5 R , 7EAR C/N R Gk 22 b 3 57
FmAL i 3T X TN B AT o 80% DL Lo 2
oA SRS A M A R G R ) LBk i IR
PN ZE B R IR 22 N4 B it 7 1) R e IR E 4T S 97
AL, 29 b7 SO A AE TR 2/3 , 22 TR B2 A= ) 38
A TR ORI, JE AR T R IR A K

IR 482 F Ak (Anammox) i3 F2 . 7] 5 IC-ME #H
2t B ) IC-ME 5 Anammox # & & 48 4 1C-
ME . Anammox . £k %% %8, 1k (Feammox) . NDFO 1 7 3%
gt 2 fid BALAF IR R . TR R G R
F A JFE NO, —N A= il NH, "N, 7] /F & Anammox F¥) JiE
Yy, sk T NH =N R BRACR , e T
TN EBRF, W, 56 A S NDFO i e i H0k
NO, =N #5 4k N, 58 556 NO =N #44L 8 NO, =N, 4
Anammox $& it T 5 — B ART DR . AN 1K
F IR AFAE Fer Fl Fe™ BAH B AL LA KBk L 1~ Y 4%
1 5 B, I Feammox \NDFO A1 Anammox 47 .
Xie ZE34 W 5% & PL , IC-ME ¥ & Anammox R 4t
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(CAE)AH kT3 38 Anammox .25, ¥ LA M FEH 24
4 Z H 64. 6% H2 7 5 90. 2% (45 4 K ) Fl 83. 8% (4
13 K ), > Anammox £ 5 JI 2080 RS2 4L 187 S0 %
Xie ZEBSIRFSE T 45 A A PRk e (MFC) (24
K CAE LA RS, H TN LB H 85% , M T4 #1
Anammox Z i 2 5 1 22. 84%, [l A5 %0z 47 R

M6 dIENE 50 d LB TR . Xie 500
X CAE A (1 d) P9 32 36 B A pH A8 4k s 5 55
RAANEREVEAT T PEAS , AH L T % B Anammox, CAE A
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Tab.3 Microbial autotrophic denitrification process induced by iron—carbon micro-electrolysis
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Fig.3 Mechanism of iron—carbon micro-electrolysis

coupled with biological nitrogen removal
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Fig.4 Combination of iron and carbon electrode
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