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Abstract: Four sequencing batch reactors (SBRs) were operated at room temperature so as to
investigate the effect of natural pyrrhotite on the granulation process of aerobic granular sludge (AGS) in
the treatment of dye wastewater. The changes in SVI, particle size, and Zeta potential of AGS during the
granulation process were studied by changing the influent organic load and carbon source. The formation
mechanism of AGS was analyzed by three-dimensional excitation emission matrix fluorescence
spectrophotometer (3D-EEM ) of AGS components and variation in the interface energy of pyrrhotite. The
results showed that AGS were formed in about 20 days after adding pyrrhotite. When high organic loading
rate and sodium acetate (NaAc) carbon source were used , the average SVI value decreased from 105 mL/
g at initial operation to (25.99+4.57) mL/g at final run. 3D-EEM analysis revealed that the addition of
pyrrhotite could increase the conentration of sludge hydrophobic protein and promote the formation of

AGS. In the process of granulation, the adhesion work of the pyrrhotite liquid—solid interface gradually
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decreased, while the interface energy increased, which also stimulated the formation of AGS.
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FeRis ek AU T RBUTS KA BT LA E
PEVREE GBI W 5B B IE T I 2A G R ME K AT
GR.HHE KL 4B HEASNR  EHE K D % 7 Fp T
b A AR TR B R, B R YRk i vk 2
1000 mg/L, YRR 7 000 me/L. T4k
Al AR PR 22, TR AMINRR IR . 3 BN A L 2
TR AN S AL EL B R — AU, 4 E K COD:N:P Ry
100:5: 1, R P BRI SUEA -5 7 0 R 1 R 1 4% i i
i pH
1.2 wHHERSH&

W ORI AR B i e S A BRA R B A
FE LR Y NG, SE AR 93% L) I, %
FER 4. 6~4.7 glem’, B AT T B P FIVRE M-, L3R 1T AR
H 414w, FHEKES IR G WS 5 38 i 300 H i
D, R VS TR 12 1 B R T AR e TR
1.3 REEE

90 R H SBR B 2% , WA K 10 em, =528 65
em, AU S LRSS #3h 50% . R RS
A T B T R R R B A 2 1
min, SBR IV 25K H A0 iz 7#0, A Kis 724
JE], 25 H K R 20 min, §HE R 10 min, BRIP4 3
A AOJEFR , A1 45 50 min AT H1 AN 180 min BES .
T2 i B A T 2

L E A MR B RN A% . BRI Ak,
I #8 HE K COD ¥4 600 mg/LL, # 2 | 2 1R 4k i 1
Lergehn, o ROVERH™ A BSR4 (4L, A
BTGV, #- AT IEH RS RUAE DTS5 ek Xl 2,
ANEM 8 A5 e, ELIE# B R2AE TS
Y iR 2 (IG5 = A BB, BB 1
(0~45 d) i COD g 600 mg/L, By Bt 1 (45~90 d) Ay
COD 4 1 100 mg/L, BBt 1l (90~145 d) i COD H
1 500 mg/L; R31E A5 U g 2l (& hnid & a8y ) , 43
B VARG 2 B A L TR AN L L TR EAAE Rk UR AT
B
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SET5 VR Zeta BT 5 5K FH F-4700 %€ 5643 66 BE M
FE EPS I 2R O K (A ) 1 2 200~400
nm, & ST (A,,) BERE A 200~500 nm, 7145 4 4
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A FUH Al A
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0. 45 pm A PE B AL TN E , 15 Y8 HY EPS B i
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Fig.1 Particle size distribution of sludge in reactors

BT RS 145 K, R2 PRARTE 0. 5~1 mm BYY5
T 5 He K 40. 9%, 1M 565 45 KA 90 K i o4 1)l
10% F19. 32% , 0] L4 &5 1 7K A3 AL 67 g o) i 35 4
woR B A EEH . Tang %8 AU R AR E T 39m
HEFK A far (OLR ) 23 o FURL I Bl B b, ks R
AR HR3H5IRRLAR 3 A AR Ak T 1, s X R B
BRT 1S RS2, A LB — R A RS R TR ENAE
Sy 5 B RRAIE TE 1 R AT R
2.1.2 MLSS . SVI 5 Zeta HL 7 451k

2 B2 s v 5 YR 1 MILSS H1 SV Fifi B (7] B 4% 4k
UL 2. R IR A SVI R 105 mL/g, Bli# 12 17 i [a]
BN, SVIZ 8 AR, 76 )5 B R1 9 SVI R 60~80 mL/
g, R2 . R3 [ SVIFEi2 47 30 d Ji 2. 35 F % % 40 mL/g
KA, Ja WORHFAE 24~33 mL/g o4y, R B B AF 1Y
DURETERE . T 4% 2H i MLSS 213& i 71, i 560 )5
R14E451E 4~5 g/L, R2 . R3 W 4EF57F 6~8 o/L. R27E
Bk K G fe BT DURE R BRI T R R
AR v PR A5 A6 B B THH: SVISF-244E R (25. 99+
4.57) mL/g, LB BE T TR T 35. 9%, 156 B 1 Jin 47
frAe W] P Vs Je IR B . R3FEIRAE IR IR/ SVI
A4 L0 /N (A B B S M b g e IR
FEAE (31, 16+0. 75) mL/g, A HL B BE I FEAR 2 10% .
AT L, B — PR AR 5 37 1) R V5 U8 A X B0, LR
PEREAHXT B UF . He 55 AMFIE & BULIR AR IR AN 2K
W A B 4RO 15 Y P T R | L AN ()l 1 %
AR A BN R B R T

m<0.2 mm
m10.2~0.5 mm
90.5~1 mm

L A51/%

145
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Fig.2 Variation of MLSS and SVI in the reactors
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Fig.3 Zeta potential variation of sludge in each reactor
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Fig.4 EPS concentration of sludge in each reactor
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AIAT, B2 TR 2 (D) Al it S E AR ™= 4
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Fra A TR R 2 Y I R 2R R B R IR R
FL 38 TSI 0 BB 17 3 S 20 43 Bl IA
BT AR S5 e Bk PR , R R R
FE TR R I v 25 7 AR SRRV AR R B e
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Fig.5 3D-EEM spectrum of sludge EPS in each reactor
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T e, A ) 2 T AR A ) IR A ) A B S
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G AR HEAT VR . IR IRA W) EPS e R
BEHLHIR T EPSAE 50 AL B 4 B 4 fuh ) o 1)
WA LR W) -0 EPS BEAE AR Y 5 ) SRt T )
IR e A RS DT A e SRR 75 08 R I
DR SHG AT 5 5 T i 7K P 5 R A A P T LA T 3 A 8 Bl
AW REAT ool B E R A B R

Vi FLTE I 844, 7 SBR F I i JT IRz A7 1 53511
BT ROVR2 R3 s JUIIRUH T o 45 44 4 57 T Y
Hefuhsh IR A - R Y RS RE , TR T 15 e
HR AR W) 266 B G B BRI 1 AGS S e 1) B T A
BLH

R L T KA D BRI, A 7k T 0 € {8k
72. 14 mN/em , 44 I 5 4% 20 45 fioh #f3 BOHR AR RT3 2
AR IR 1o R fras AT, A I T5 92 Y
725 FL2H RO, 1258 1A W 193X 0620 R2 A R3 147
PSR TE 1 e LR I NI S €t S T PR R R D
LN T, Zeta BT LN ELAL TR Ko Bl 4k
s AT, RO M T 0 1 0™ AR SR K A, 3 A 7
[OE- RN WS Y SE A ) b2 e P S ]
ARG, 15 e BB AL R AR . 2 WUk, AL 7
JE B4 B9 R2 A R3 A4 36 B 2y 52 A T R 5, SRt
AE LT, B A1 S A 5 B IR 1 , Zeta FL (S 28 00 {H
T RE BURAL KA o AT USRS Y
G PEAE i EPS 1 B AR Y5 0 40 F 1T e LA Y
Hefih, 73RS WM A T 2k — 2D AR Y
R RT3 [ IR Zetan HL A3 246 60 (LRI L AT 1) T 7
2 AT SR A, AR {40 T DA 5555 1] 305 26k RS 81 7 A AN Tl S G
BiF AR A, DT 1775 e TR A o

®1 BERMBHTAFEMMINSFMK DTN

Tab.1 Variations of interfacial adhesion work and

adhesion tension of pyrrhotite in each reactor

fif fil/ BB - m™) FiBR 5K S (mN-em™)

d RO R2 R3 RO R2 R3
0 90.32 | 90.32 | 90.32 | 18.18 | 18.18 | 18.18
30 95.03 | 121.67 | 128.65 | 22.89 | 49.53 | 56.51
60 | 110.88 | 112.02 | 105.95 | 38.75 | 39.87 | 33.82
90 | 111.17 | 103.75 | 104.94 | 39.03 | 31.61 | 32.80
120 | 121.67 | 108.26 | 112.82 | 49.53 | 36.12 | 40.68
150 | 122.61 85.04 | 99.06 | 50.47 | 12.89 | 26.92

3 &

©  Benwg B R AT R T YR K A
BRI e Bk AL RS 555 145 d 5 iR B0 41 R2 F
R3 HRL4£>0. 2 mm 975 ¥ 5 EE O 43 01 42w 3]
81.43% .74. 20% , X HRA (5 LLAH 37. 58% .

Q)  WEEERY M R BB AR 2E 5 U 43 W EPS, #E UK
B far AR PR AN AL 255200 EPS B /. W4 ] A
I RO 2 TR T Zeta FELV AR SERLA: W R AR L IR I
] 55 200 f 4 0 B 22 1 i K M B TR 3 5 AGS 1Y
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