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Rapid Cultivation of NZVI/AC-based Aerobic Granular Sludge and Its
Wastewater Treatment Performance
HE Jun-guo, ZENG Yi-wen, LIU Xin-ping, JIANG Wei-xun,  YAO Jun-cheng
(School of Civil Engineering , Guangzhou University, Guangzhou 510006, China)

Abstract: Aiming at the problems of structural instability and slow growth rate of aerobic granular
sludge (AGS) caused by internal cavitation, activated carbon loaded nanoscale zerovalent iron (NZVI/AC)
composite material was prepared and used as skeletons to enhance the rapid formation of AGS, and the
performance of AGS for urban sewage treatment was improved by promoting electron transfer between
species. The prepared NZVI/AC had both strong adsorption ability and conductivity, and its specific
surface area reached 140.398 7 m*/g. It had a two-dimensional mesoporous structure with uniform pore
size distribution, and increased the conductivity of pure water by 14.5 times. The NZVI/AC skeleton
significantly accelerated the formation of AGS, and the average particle size reached 0.384 mm on the
10th day of cultivation, among which 7.23% AGS had a particle size above 0.5 mm, and AGS with particle
size larger than 1 mm appeared. After 70 days, the AGS system reached a steady state, and the maximum
settling velocity of AGS reached 73.09 m/h, which was increased by 95.32% compared with that of the
blank group. The NZVI/AC-based AGS had a good performance for domestic sewage treatment. After 70
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days of operation, the removal rates of COD, ammonia nitrogen and total nitrogen were more than 96%,

100% and 70.2%, respectively. NZVI/AC serving as skeletons for AGS cultivation has the advantages of

short formation time, high stability and good performance for sewage treatment, and has the potential of

engineering implementation.

Key words:

urban sewage;

nanoscale zerovalent iron

USRI U8 (AGS ) JE B Z R A YR BE R B
W WA . SEFGIETESRIEM L, AGS A5
VTR ERR LT 15 L) 2B AR ) & FRBE 35 N7 fig )
SR AFOL Y R, L NI AR IR 1Y 43 2 A5 R (4 —
B — IR A 45 DI RE A W AR At T AR R AR AR IR
Be, fff AGS & TRl itk A Ak AU il AL O BE 7, K
KARHT T 15 7K 04 TR A0 B e Mt 2R Bl A 2, o7 P T 55
SRR

AR AGS [ B RCEASF 2] T T 1z A nl (A 7R
PHRZS 7 BRI B AR e A K 218
S In) R, LA T HSE PR . Li B RS R B Mg
Al LAINEE SBR 1 AGS I it #2 , HLSORE R A28 K
RS #4 5L 5 Liu S5 RS IESEHE N 500 me/L A 2R
A &AL (PAC) AT W] I 42 5y AGS BYTTREME VB30 |
MUK B2 LA B EPS 4 i o 38 A RS R, IS IRy
ARG PERA FIF AGS BT B, AR EF 4 (CF) Af
TG AGS YR SR, BN 42w B8 JEESR R AN
HHMEEA S ANAL, SRS TlRES
X e A ) A B TS PRI PEREAIG  PAC TR IR R
T RN A B LA CF a2 R T e A
R, WA R EA Z R te PRl 1 2 G AR
sRA AGS MBI S

S, B A TN e AR R AN R
(NZVIAC) &M EL, R NZVIVACAHE S AGS A K
B AR AZ B B o b T e R Ak ik B v A SRR AE
RAR RIS, R 9E NZVI/AC & & M L5 I
BRFVE I 1075 U B SOk A L , 25 %% 5 A FH X
15 YL WAk L BRRLRE , LA A AGS A TR TE 4R
PEBT L, Ry e AGS S BRI FH Hh %) 200 ) 4 1t
Z%
1 M¥HEF®
1.1 LWHEBEBSEITHR

SER RS JE A )T AR He s KA BT 0T
b, R Ak B S ) 16 75 Je Wk FE R (4 365£25) mg/L,

aerobic granular sludge;

rapid cultivation; activated carbon;

SERIANE R . T BRI R R X AGS 1Y
P VR, B2 W A ifE KR FHN TR HDL IR B8 2E 1 05
K, A TR BN Rt A B R AR BEIR — A R
WU, 7K COD & AU BB IR S 53971 R (496+20)
(40.2+1.3) . (4.820.2) mg/L., i IC EEW A
WF : MnCl,-4H,0 J7 0. 12 mg/L . CoCl,-6H,0 J7 0. 15
mg/L . NiCl,-6H,0 & 0. 06 mg/L. Na,MoO,-2H,0 g
0. 06 mg/L . CuS0,+5H,0 4 3 mg/L., FeSO,-7H,0 N 3
mg/L,CaCl,”} 3 mg/L. ,MgSO, - 7H,0 4 5 mg/L..ZnSO,
7TH,0 N 5 mg/L..EDTA N 2 mg/L. #/K pH 4 5 7F
7.5~8. 52 [0, i1 NaHCO, 77 .

K AT BILIE 35 1 1 A0 SBR RV #8575 9% AGS, 2
N AR AN 7.5 em, FAR A 9, ARAEFIA 3 L, A
F e b AR K ER R R A ) DA S K AR
A AN 50% o HRYE S 5 K HAWME 58 #5597 AGS
MY 205 B RN s AT A R 6 h, b kK 5
min ., B <, 335~347 min, JT 3 A 8] #%2 B 15 min—7
min—3 min B E 45 HEK S min, BEREHE TR
T I AE 2~2. 6 L/min (W00 E 4 0. 75~1
em/s) , N A8 AE S N B T LR E 3 Al R N
% :SBR1 M %S 4 ; SBR2 N NZVIAC 4, #E &k
25 TSI 1 1 B AR AE 500 mg/L; SBR3 24 100 H 3
TEERA, BN R 500 mg/L.
1.2 IEHBHHE

NZVUAC K5 MR 45 7 125 - 4% FeSO, - TH,0
JIAE] 100 mL Z BRI OK 5 C B IR L
1:4) AR 5 min il B FeSO, I 5 7] LR i
A 0.5 g B2 24000 15 5] A VT ;s FREL2 ¢
100 H %A A 500 mL = B, Sl A RS
FEBR AR, Z M AR, I T e 4 s e ik
R, B 2 A (1 7%/s)50 mL 545 1. 12
¢ KBH, 7K W™ % N 58 B8 )5 F-HF2E N 40 min;;
FIE5E B, FETR AP UL B , R AT W% 7k L B
VSV B = VBN 9 26 A4 530 FH e 8 Stk R



%3945 %748

B oE 2 K HE K

www. cnww1985. com

oK LBERS VR 3 UK TN 28 TR FRTE 70 CF
HET A HIAS B B AR A ED R NZVIAC B A # R,
PRAFAE ST Te i A AR /NN A
1.3 WiEIRSHHAE

K X SR AT B (XRD) L B 7 2 3 B
(SEM) 2T/ ERE (FTIR) X ST 40t i g
TEAL(XPS) (4 A 8l kb 2% h AR X LB 43 #7{ (BET)
XFNZVUAC EZ A MBI T R AE 38T o

AGSTEZS K FHl BA410E A2 i i Al SEM WL
525 AGS K A2 R F By IR SCHOE R FE S 5 5 COD V&
A AEAS A SR TOHLEE S LS bR 2
FRRUETT 1 HEAT R I 5 AGS T [ 3 12 SR Y I ] —
BRI AE 5 AGS 58 5 2R FH R 75 B 1 — I ol ' o )
IAE 5 #1528 2R DDSJ-308F L G R & .
2 ZR5%

2.1 NZVI/ACEE&#MEIHRIES
2.1.1 JESURAE

K18 NZVI/AC &2 & #H B SEM B Fr, Forfig
i 1) T R 2 1 M e L 5 I BRE SR NZVI R
WL, AT LA 3 W o A e 2o A v A A 15
WL, HLTEME A I R AN Z) 51 3 NZVIURL

a. 5000 f5F b. 20000?
E1 NZVI/ACE & #F#iH SEM R A
Fig.1 SEM pictures of NZVI/AC composite

Pl 1 (a) 2 T B 48 1 NZVI I 1 e X, AT
VA i, NZVIER I3 S 4070 5 P e i 2R 1T, 38 20 171 48
TEE A LI 25 R b &1 (b) 2 & 1 (a) AL
S5FI1E 20 000 15 T BRI A, /T LA, A
T M B b 0y NZVUBURE 22 BOIR 0 BOC0E 3% M e 1 3R
TET K LR UKL 1A% 2 20~80 nm. 843 NZVI
KA W R R PRI, RS K AR T SR 1 3
TRV PR b S Ao R 5 i B G 2 fdi 45 NZ VI
T A7 080 (L NZVT 2B 3 B A
I H S L I REXT R e HEVE T, HoR
FH I P e A by 2R 2 X NZ VT — sl o | 33X ke
M AT DLAE — B Ll NZVI g 2R 8 H AT

TCSCHRIRE T e Akt e N R MR Tk RS s
JETE 28 A AF L HEAT U4k LAV NZVI G T3,
i v ) BT 18 2 S K I KB HL 1) 38 55
2.1.2 EIEEREHA ST

&2 i NZVI/AC %) FTIR J6i& & . ml %1, NZVI/
AC 7E 472.20.,580. 87 cm™ 4b H 3 i) 16 g 55 41 £ B
A AT R Fe,0, Fl Fe,0, I 1) Fe—0 i 45 4§ 3))
TS 1 113,23 em ™ AR A RFAF 06 C—H 11 1 45 4k
FoEY, Mi NZVI/AC TE 1 574. 52 em™ &b (1%
WSO S 1% 1 e 2R TR RE AT v C=C Fl C—O0—C (%%
fEWE , 555 F A h C=C Al C—O0—C M 4 iz 2 A
Fl 3 446. 38,3 734. 89 F1 3 840. 69 cm™ &b B i
F1R) R WA g R 3 35wl SRR A AR A AR B s LR A . 28 1
AN, NZVI RIS BOE B T RS i NZVI/AC &
GRS

0.20

0.16

i 0.12

§ 0.08 384069 344638 L5745
B 734.89( |

004 [N M\»

(VA

-0.04
4000

111323 47220

580.87 |
WWJ\

800

3200 2 400

WA/ em™
B2 NZVIACE &+ i FTIR i E
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R, 1 NZVI/AC 41 59 BURL 5 U8 U R M BE e 4, HE
B A= B A /D B DA KK B B B3 /N o R iz
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Fig.9 Change of ammonia nitrogen concentration in

typical cycle

NZVI/AC 2H i 2 A A 1 h N 5 B 5K, 2
h B 98 4 e bk, 25 AL AR TFE 2 h NSE B T 98 4
B HRAESS 1 /NS 2 B = T NZVI/AC
4, MBI ER 2 B350 3 /MR A SE S 4 Bk . Hh
BE AT AT, 8 0 NZVIAC J5 7T LA 38 46 0 il 1k i3
R HE R A WP R KA T s R T A
2.3.3 BEAEBRECE
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YEH ,NZVIAC PR EEAN LI T I5K a5 38,
SRS A B A A TR R T R A B R SRR T AL
A ARG e R v 7 A S T R R S A T A AR
TENZVUAC [ FLBR SRR sl 25 42 i B 35 76 NZVIY/
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A 2 N A X TP [ R BRACR & 11 s, 7]
PLE 3 2 S W A Y H K TP AR AL ML A — K,
HK TP B S I SE TR R 2 PR AR . 81T
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Fig.11 Removal effect of TP
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