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Abstract: Due to the disorder of balance between hydraulic and substrate selective pressures, a great quantity of
aerobic granules began to break down into flocculent sludge after a while of stable operation period. Powdered acti-
vated carbon (PAC) was used to regulate the hydraulic selective pressure and strengthen the stability of aerobic gran-
ules. Experimental results showed that PAC addition had great effects on the physical properties of sludge and micro-
bial growth kinetics: PAC addition could enhance granular wet density and strength, slow down the sludge growth
rate and yield rate, moderate the sludge concentration and size, and reduce the dispersion trend of size distribution,
so as to avoid internal segmentation of granule and improve the stability of aerobic granular sludge system. PAC addi-
tion had little effect on the chemical properties of sludge: the aerobic granulation process was accompanied with in-
crements of extracellular protein content and surface relative hydrophobicity, whether PAC was added or not.
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1.1 ZWEREHIETHK

M ESE A ) SBR 2B PATIEAT, 435
fir 4 > SBRI1 Ml SBR2 ; ML %e & M i B2 an &l 1 Jir
. RN T OSLZ A ML B 5 R A ) AR, A R R
3.0L, WZHEZEN 5.0em, ARGEEN 152.8cm. X
IO 5 PN A J2 22 T SR AT B 7K AR R 42 il 52 o7 #4574
P EE AT (20 ~ 25 °C) is17.

SBR Z 4t 1 W] g R 45 il #i 25 hil ifE K L A< U
R HEK RN B % e i, BRETS 800 K
60 min, 5B 640 min, Ui 5 min, ff7K 5 min,
FE 10 min, FPEK R 720 min (LA 1), RAH
IKEE NS 2GR IE K 5 T T HEK s R 2 SRR AL
A AL AR AR R, IR M T R T A
0.10 m’/h ZEA7 CRFILERE K 1.41 em/s) . S 2%
B TR R 2B kTR
1.2 SHHMBRA*

COD. NH; —N, & #h# . MLSS . MLVSS | SVI
YR R o 7 e s U 5 R b Ae) S A AR il LB
F 6 B MES (HIROX KH-7700) . ¥5 Jekifd 43
K FH OGRS 22 . 15 VRN B I 52 | AU ks
15 HMIANR AW (EPS) B4R S I e 2 ISk (3], £
BHR B 0 5 , B SR B IER Lowry
FE. TS URAHXT B K M (SRH) A9 5E 22 SCR[15].
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Fig.1 Sketch of SBR system and its operating mode

1.3 #HkkREZEMTRE

SO FH KB R AT S 3 U 3 1 95 U TR AR
K. KRG R G KK T S aat T 4 HIANTR] , RDREEEAS
SR RS  3 B (LR D). BB T ik
R4 R 5 e s TR B, AR SR by S B B W K 5
RFAE S SIS IR, K s B IR 1 SRKE 4 btk 7
i B, K H S U 0 o v R A I P2 o e vk 3
2 100 mgCOD/L, 400 mg NH; —N/L, 4 100 mgTDS/L) ;
S A AR AR AL e e R FFLE B AR (30% ~ 40%) . By
BE P B, s s D K v A ROK B EL B, B
YK SE R A RIGBUETR. W BEIN  Fis T B, S
TR TE AN BB IR, 15 Y R A RLE -
4590 mgCOD/L,1 154 mgNH, —N/L,14 330 mgTDS/L.

F1 FITIEITH SBR RZEARIEITH R
Tab.l Operational stages of parallel SBR system through-

out experiment

o | IR | RBUSCAA | I FUUEERS | oK 45 B il
KBt ) Lol
d (4 (m h) h
. 1~36 30 5.50 40
37 ~ 54 40 7.33 30
I | 55~70 50 9.17 24
M* | 71~130 50 9.17 24

W *” FoREMFEY SBR2 R ORISR B T AR S,
64 RKIFUENG SBR2 (iaf iRy 2 S S s
Hek, HiEASHEAK, {4 SBR2 AY75 4B th fif Bk R
SBR1 f)—2F.

SRR HE R YR B B R R b R S A AT
WA G, ISR R AR 2R, A RN A 5 15 T
TUFEFE % SVI S 99 mL/g, 15 I 4] 4 Jit B e & hy
3.5¢g/L. SBRI HESMEM T 3 g PAC, {HHAE i ¢
TR IA TRl 1 g/L; SBR2 HR#% PAC.

2 KWHEREE

2.1 PACH IR BALS e M EE MK A 220
2.1.1  PAC At BT T s AT 2569 %
PR B s FR AR5 e A i g i 2R 5 e, a5
B, R4S R 0.044 mm. 2 23 K, SBR1 HHEL T
PL PAC TRekisl A ToALA B A% SN2 R kaTs
VA B HERR g SE Y /NER 4] SBR2 HRim TR IHI B 1)
WA ok AR, SBR1 217315 40 KA HBLT L
T35 b 5 UL BRI WOk V5 U . B N O EFT, SBRI
Hh R0k 5 U ) EL B R RSk, i1 LA B L 45
528 0 A 5 R R T Ry B g A A, D )
RGN BRE IR AT 5 50 KI5 FEHRifRA
# 0364mm( WK 2(a), ZJFFELE 036 ~
0.60 mm. SBR2 TEHFIESE 32 RSB EL T AHLI
IR EAR W /INORE , Bl 25 B 0L # I Ak ELa T T, Tk
V5 URAETS Ve H A L Z AN, FF ELI5 TR AORiAE i
B, 5 50 RigR-TF-¥Ri42E %] 0.716 mm (L&
2 (b)) ; [HTESS 67 K SBR2 Hhiikiisie il 1 flik
ML WL 2 ().

1.0mm
o

(b) %8 50 K SBR2 Hikii5ie
(d>0.45mm)

(¢) %5 90 K SBRI 151 (d) %% 67 X SBR2 i51¢
2 FEMERRESETRES
Fig.2 Morphological observations of sludge at different
stages
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M2 B AR AN & 3 B, i U i1 B o0 1R
1.008 g/m® 1 1.006 g/cm’. iZFT45 35 K, SBR2 Hiili
PRSI, 5 TRIE I A 1.028 glem’, HHAEHS
35~ 67 RZAIWSIT 1.023 ~ 1.028 g/em’ Z[A]; {Hh
F WOk T5 R I fRAA , SBR2 Y5 R 1R %5 AT T 5
TEBAT T W AERRE 1.003 ~ 1.013 g/em® Z[6]. AHLL
M, &7 PAC ) SBRI1 W5l EREE B T
BfaER e EFE, 55 43 SRR Ue i IS , 0% e
o 1.035 g/em’ s 7E M B T, iZ A8 58 5E 76 1.043 ~
1.069 g/em’ FITE LN , bR 25 IR TS e 5T R R
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Fig.3 Development of wet density with operation time
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Fig.4 Profiles and Gauss fits of particle size distribution in
SBR1

i 4 Fos, FERNG U8 R TR RS 24 e
BN, m LA B, S x A 515 pm, w
48.3 um (WL36 2) . Bl 15 R A K, B0k R ST i 3
T, 55 50 K x. 750 448.4 ym, w B 434.4 pm, W
15 U8 RST 40 A Ok A . %5 90 K, xe B H
775.5 um, w KL R 814.2 um. RF AR  BRY
HIRARYGE, £ D 5 D ZIRIMZEIMA, RFEME
EVEZE. T AR RGN R E TR, 55 106
K, SBRI #MiT—¥ PAC(0.25 g/L). tiFHn
PAC JI3E T 2250 N JB0RE (0] () FH B RS 5 BE 4, 56
113 K, x. B H 613.5 um, w FFEZE 618.0 um. sl #%
i PAC AT TG Rk KN L BEAR T RAR S A1 43
RS, kb R T BE 0 5 ke ) R N 4324, A

ORIIBEPEIR” B B ARIE RS e R GE A FRE .

®2 SBRIFAREITHERFRAZESAHNSHMESE

0 500

Tab.2  Gauss fitting parameters for size distributions at
different stages in SBR1
U] X/ pm w/um R’
HeRhT5 e 51.5+1.2 483+23 0.91
50 K 448.4 £ 8.8 4344 +21.1 0.95
2590 X 775.5+19.8 814.2 £ 65.9 0.91
113K 613.5+13.8 618.0 +£55.5 0.94

2.2
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PAC 121033 B iR 4L F IR B 220
PAC #% st i5 iR 45k EPS # %

IEAE RS W R USRS R T30
i EPS B ISR TR A RS U A
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e R T I R A B T R A AR A Y.
B W SN a5 e EPS &4l s Ak | 5 B
7~. SBRI1 17 HH B B2 115t (PN) #1 2 8% (PS) HY
R 32.6 mg/ (gVSS) il 7.4 mg/ (gVSS) . BBk
[, BEE SN 2 HIEAT PN Y3 S 30 HE T 0 o g 2
foitads, 55 46 K bt 2 106.1 mg/(gVSS) 5 Z
JEWsA TR, H—EHEELE 76.3 ~97.1 mg/ (gVSS) L
FIN. PS SreRfE N AT TRl 43 d JoHH ARk, H
fHTE 7.4 ~ 8.5 mg/(gVSS) Ju [l N ; 46 d J5 H 5 EmEA
b FIAERE S W B AT I A N 4ERRTE 10.2 ~ 17.4 mg/
(gVSS) 7KF-. PN/PS 784k PN & &4 fbad fe
FHL, FEELMEAEBEL T Iy 4.3 & 255 43
KW= e 10.0; IR WESIT 6 ~ 8 E .

SBR2 H1Y51é EPS #4153 fb 44k I 5 SBR1 2
f8l. PN S 7Ep B [ TG, 55 35 REPik
F81.5 mg/(gVSS) , 45 55 K T+ Ehemihy 101.3 mg/
(gVSS) ; (HZ G B TR %, 2 SBR2 {5 1LA, PN
SR N57.8 mg/ (gVSS) . [T 4543 RAELKAES, PS
TR RN AR B TR LG AR b g, It
AFEAEALE 6.7 ~ 8.8 mg/ (gVSS) . PN/PS AYZAE{L[n]kE
5 PN S RAMEHAES . HEPIK 4.4 BH6E56
46 R EE 12.1, BLJEEET N RIS 7.5.

SERAE KR OFE A G242 SBR1 Fl SBR2
5l EPS M FET; QBB T &M v g8 i5
U8 EPS WIZE A& M PN/PS B #ia it b BL, 14
If-& SBR1 Al SBR2 Hi5 ik (kB B, Bt aT LA
HWIE Z BMRIFER M ERR , SR RS 5+
IEPIH Adava ZIBTSEAAIE]; @SBRI HI SBR2
F1i56 EPS KL feB B 1 2B fb it I A AH
], BP SBR2 ik y5 e R MAZ AT, INAT PAC 1)
SBR1 5RMIA PAC 9 SBR2 7Ei5RMIANEA Y/
WA A3 R RETEAR L.

2.2.2 PAC #hnsdiz it d @ sk i %h

UL 5 e T sk A rh il A= 40 A e 2% T 6 K 1
AEARKAR. IR J 25 AR B A A, K PR R 1S 5 S 3k
TR Gibbs A HBERIREAL, Nss T 40 la] 5
Ay, SRk T AN A EESR . DR AR W A ) i K P
SR UKL Ve TE BN AERERR 0 A0 UKL 45 18) 1) S5 ) 3K 51
HPLANE 6 R, WSO SRR S R AT K
£ (SRH) 43510 54.5%F1 56%. B RN 24T,
7578 SRH . SBR1 Ml SBR2 Hlf4a ik 5
PWIERE , SRH 23 illik Bl KA 93.5%F1 96.1%,
A RIS YR A B K L300 T3 2 %5 e
SBR1 {5y SRH % MEaE, Wah T 72.8% ~

95.3%Z [A]. SBR2 Hi5{M SRH I H FREEHE,
%5 99 K SBR2 15 151 1A, SRH %% 68.3%.
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Fig.5 Development of EPS and its components with opera-
tion time
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Fig.6 Development of surface relative hydrophobicity with
operation time
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pa PV E Yan SECURE A ARG TR, B Gone HOTFEL A R0l
_ldp,_ 1 d(n/6)pD’) _p=pIV./1,

Haw = p. dt  (n/6)pD’ dr - o V. Puss ©

3140 s, 3y AN o HRMHILTA, mgCOD/ (mgVSS-d).

Ddr F A5 I BRI A e TR R | T e B A

Kb p AR, mg/L; p 15 TR N GUEY)
W, glem’; D AIGIREEIRIAS, cm.

FXTGVET™ 5 Yops  FOUHLILTRI AR gops U2
TR K h 12 BT BB, Yoo HITTEE AR
Y. = [(Pyss2 = Pyss Ve + PV 2,

" (Ps =PIV 1,
K : Yobs AERIIF VT, mgVSS/mgCOD; pyss; «
Pvssa 53 AR T I 06 R s VL A PN TS U8 o R R B
mgVSS/L; pei pee 7350 W itk 7K COD it ik
JE, mg/L; V. WIRNAAAT, L; pee JHKTG RS
WS, mgVSS/L; Ve NHEKIRR, L o Jy ARG, d.

M N A FEAFEE IR s pyssi = pvssa, 20 (4) 18]
h

4)

AR (6) , BRI 155 [ 1 #5817 5 T 8l 112 240,
ZER WA 3. FTLAE - BR T 28 91 K SBR2 K4
WORLTG Ue SRS, SBRT H1 45 B Be MG UE ™ 2 Yobs
FEW AR W A A R s FH g PIIRT SBR2 HHAYER
i, X & SBR1 H ks 75 U H B 4 W 1) 3= 282 It
. PAC WIHINSRIL T RGENKII8IY) 1, 514
R AN R AR BRI, S P T 75 e e At
KORLAR IR BAE T A RIS, FRUE T RS e R 5
X EE. 540, SBRI I FRITGIR Yons LN
0.103 mgVSS/mgCOD, it T Tay 25T s
g~ HEE, (AN FH BTG HEE R 0.41 mgVSS/
mgCOD™, -4 ks 5 YR AR ) 35 T8 7 2 % S B
ATV WRAL” HAREA EEE .

R3I RESBMEVERSNFSH

Tab.3 Kinetic parameters calculated for sludge in both reactors

e ey Yobs/ (mgVSS + (mgCOD) ™) Gobs/ (mgCOD - (mgVSS - d)™) Hobs/d™! uald”
BT REuUd
SBR1 SBR2 SBR1 SBR2 SBR1 SBR2 SBR1 SBR2
13 0.230 0.389 0.314 0.269 0.036 0.052 0.012 0.017
23 0.149 0.326 0.440 0.219 0.033 0.043 0.011 0.015
35 0.298 0.356 0.189 0.147 0.028 0.026 0.009 0.009
53 0.142 0.305 0.400 0.411 0.029 0.063 0.010 0.021
67 0.124 0.266 0.623 0.552 0.038 0.089 0.013 0.030
91 0.103 0.074 0.811 0.486 0.042 0.025 0.014 0.008
(3) PAC MFCIMBEAR T V5 IR A A ™ 8.
3 & it AR, @B PAC AT LISRIL R SEN K

(1) I TPAC AR5 40 KA FFR H B
K35 Ve 5 (I A B UKL I U8 45 40 9% 5 5 - Sk 4R
0.36 ~ 0.60 mm ; {5 J¢ i3 % J& fi% &5 {35 1.070 g/em’.
FHECT S, KRB PAC B aHES 32 RAF4R H B
I /INEURE 5 B R T YR R T 8K CE 3R AR
0.716 mm) ; H 25 ¥ & A 5 75 Ve 12 % B ALK
1.025 g/em® 7iA, HEZ B,

(2) PAC x5 IR b2tk m L. B
ANERIN PAC 51, FERURLTS IR TE it Fe Hh 35 11 b
H AN T (PN) W BE R340 B 35 6 2 1T A X i K P
(SRH) B9 7+

SYYIT7, 4R TS U A T B SR S 1 5 YR R
JERPRAR RN | FEARKIAR A 7> B i A H , i o [
F8 5T RH 75 RS R URE A 70 28, 7K T 143 " i) £
JERUERURL 158 RGEITEE .
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