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Abstract; The strategy that attached biofilm was scrapped into mixed liquor during cultivation of
aerobic granular sludge ( AGS) by selection pressure method, and its influence on the granulation process
was explored. The proportion of granules increased along with attached biofilm scrapped into the mixed
liquor during the first 23 days, and granulation rate increased quickly after the elastic filler was removed,
which left a large amount of free biofilm scrapped into the mixed liquor from the 24th day. The result in-
dicated that free biofilm played the role of precursor and nuclei in the formation of AGS, where the extra-
cellular polymeric substances network facilitated the conversion of loose biofilm into compact AGS by high
selection pressure. Therefore, AGS was cultivated within 30 days at low temperature in winter by the
strategy. The existence of elastic filler greatly enhanced the stability of the system to resist sludge bul-
king, which reduced the risk of startup failure even if operational parameter was improperly controlled by

selection pressure method. Good performance of the reactor was achieved, where removal rates of COD,

E2WB: TEAKETREIE (G)1506027); STREEBIAZFRZFEELIIZITRITE (XZ6 -16 -08 -08)
BEMEE: £K  E-mail:7770132146@ 163. com

.14 -



www. watergasheat. com

F2AEAE 5 SBR W A IR AT B4 B BRI

£3E 1M

TIN and TP were usually more than 90% ,
Key words: aerobic granular sludge;
EETETS AR LG, U S BURLTS 2 (AGS) B AT 1

A0, WS 5 | UK VR RE 4 L T A1 AL 1 fir

SEU BRI T SR ORE A B R R R A 2 FLE 4

PR 20 PR R K 2 7 g R & R

J7o BFFRRE BTG K T 4 K 240 SBR v il B

Frilh AGS 5 1 ~2 AT, 45 LA SE BRI K 5 78 WIAETE

FRAF B o SR I R OB AL R B — A B T IR

SEIURE Y R SN B B st ) (E % T S BR

F g SRR A K, BB T TS e B 0 R

ATTERUR N shl o, B R H A2 R

AR — B AGS B 3% 05 ik, Bl C A R & o) %

i AR R B E SRR FoALRE . ACRE

N [] A 3], AR A T Sy S 0 % M v e T 1Y) 52 )

HER HEASRIE BRI . B,

B e s IR i AGS — BRI 1IR L,

TR RIRACRE PR A A5 T —Se g SR 3

I )1 K= = R ARG L L N [ R

T AR ORGP B Rk

Rl AR, T B AT AR Y 25 5 A R

AL FIBRIEAS — 25 JEL AT, 3ok BEB0F 5 R ATY i AN W

K5 X 5835 o
A IR AR IR SR B R AR S TR Y A=

PIREEAR , GBS G P15 I AH L, BA AE B AL 5

if ol ST AN 2 R AR 5 I K SE A R AGS

PO RE YRR RN T B BER Y, B

VFZ W AN ] 3 M e i R, T A SR 5 4

B R E A R B T R ok B A WA 2 A 2

JRHO B E AT ATy AGS B — IR 1 A

BE . BT, B R MBI T AGS B IR

BT ARIE ", 4 S SR B ST LA 6 e 2 SR DR A e

ita ] SR, BT B A= W) IO AN 5 345,

I ] B i A 3 P 3 e 1 R ) A )

REA I PR AR AL AR e — ME IR R R, 25 |

FTiR  FESCIR = 597 AGS l ft L R & 56 5 20|

(LA b, 76 SBR s st s AR E AR K A9

JE, AR B R B 7 AGS Y [a) I AS Wi i 25 28 K

A IR B IR AW, WF ST IR 2 5 A ) T

AGS I L, B8N AGS H AR i & 4R A4 A 52

o

82% and 80% during the operation.

biofilm

granulation; elastic filler; stability

1 MHE 7k
1.1 £EBREBITARX

SBR A 10. 21 LOEAR A 10 em, AL
B2 A 130 em, H/D 2520 13) /KR A 50% , 1 ~
23 d P A PR AR 1 AR SRR SEORE (= BE DR 150
em LR TERUN 310 m*/m*) FIFRUEMHEE A K,
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Tab.1 Composition of a cycle
i H | BskE]/d | 37K/ min giﬁ ULYE/min | fE7K/min
¥ ] 1~3 3 325 30 2
2 | 4~6 3 345 20 2
3 | 7~8 3 338 17 2
4* 19~15 3 343 12 2
5" |16 ~23 3 348 2
6" |24 ~25 3 350 2
7% 126 ~28 3 352 2
8" 29 ~30 3 353.5 1.5 2
9* |31 ~42 3 354 1 2
1.2 fnEk

BT KA B AR WS B R KR,
Hor L FEEE IR A A IR — S B A 7 0T
F. #EK COD 2 A TP ¥k & 43 il 600,30 Jz 6
mg/L, %R [ COD R G far Ay 2.4 kg/(m’ - d)
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Fig.3  Variation of SV, /SVy and SVI during cultivation
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Fig.4  Variation of MLSS and MLVSS/MLSS during cultivation
2.2.3 EPS J% PN/PS

EPS } PN/PS i254k ULE 5, EPS & & 7ER] 12

d REPR T RERE S, JEAESS 12 RETFE 2 i/ ME N

43.83 mg/gMLVSS, fZFi5Rim EPS EEM 5T

B IR AL AN i, A RS R R

) E SE A MR 21 EPS, DRI K EOIR TS PR HE

ST Ak A A Y FRC K B e, T S BT
EPS {55 i1 W E R

250¢ 12.0
o - EPS
&2200¢ = PN/PS {16
S 5l
7?0150 1.2 é
2100+ 08 =
7
5 0 0.4

0 5 10 15 20 25 30 35 40

t/d

5 EPS % PN/PS ByZs 4,

Fig.5 Variation of EPS and PN/PS during cultivation
R 9 22 d P9 EPS 84 Ak (50. 82 ~ 156. 72
me/eMLVSS) 36 d 5 Z B TS , A5 7E 134, 23
~146.49 mg/gMLVSS = [i], PN/PS 7Efi 8 d P75
AR AR 0.3 ~0.5 Z A fEfErY 22 d N

PN/PS Ji 845 K (0.40 ~ 1.58) ,32 d F-4f PN/PS %
Wkate  IREFTE 0. 71 ~0.84 2 [A] . ¥4 FRidFEHh EPS
S PN/PS ¥ BRI 5y, 40 32 202 By 3 B i
[ PTG PR TS U8 A IR B AGS Ak TS ZU A B AR
ML FEOLIREATRE
2.2.4 R SORAR S AT

WORAL R AL UL E 6 (a) o FIURLAL R TEHT 29
d EREFE IO HET 22 d iR AR X3/, B
5522 REFA B KL 50% , 24 d B KA ) ik
AR B WUE R A R B I, 30 d DL S ks b3
PRIFFE 90% DA b DS B 28 46 1 1Y) S 7 i P AL
PR B YO 3T 90% 9 35 35 I T b e 9 4%
BB 5 PR IE AL, A i T4 22 7E 30 d N
RIS T E AR . R R AR O YR AR DR A
B HAT 24 d WIGK G218 . T EEAEY)
JBE R B TR G U, S e P AU 1) L 451 A e
o, 58030 d JE R FERAAE K2 1.2 mm D) |,

100} = Wk AL 2% 1.6
NF - PR 14
s 801 12 E
= 70r £
= 50t 0.8 =
= 4o 062
301 0.4 5
0l
ey
0 5 10 15 20 25 30 35 40
t/d
a. PRIk 5 J T R A2
100} o1 R
EERES
® 80¢ B 17 R
F 60f W24 X
KR 55 30 K
& 40r CERIIPN
E(
20}

1~143 1.43~2 2~4

0~0.3 0.3~0.6 0.6~1
A2 /mm

b. Kife 431

H6 faaERINAE TORERNENHEL
Fig.6  Variations of granulation rate,average particle size
and size distribution during cultivation

A1 6 (b) B AT, 2R T3 U 5 70 K02 i/
(93.82% ~5.60% ) , Tl UKL TS e #Y L 5132 i 1
SR, AN [F)RLAR Y Bl ) 0B 1) 5 3 5028 1 U s A
2e5%: K 0.3 ~0.6 mm Ji [l A B BURLTS Y6 52 55 K
JEU /NN ,0.6 ~1.1 ~1.43.1.43 ~2 [ 2 ~4 mm [X
(] AR RSO, 1 e R L a3, Bt R A ) I

c17 -



£34E 1M

b E 4 K H K

www. watergasheat. com

IRAW,24 d LIS 1 mm P EBORL L6 1) 3846, (H
25 DX TE] N B4 J00RE TS U 19 EL 81 ) AT A8 15 5 i 35 4]
(13% ~22%) ,
2.3 REZBITERUHERYR

SR X COD HAT BT R BRACR  BREE 4 K
FEOR T R A DB E Y 7K COD A o, HeAx st i)
BIA[RFELE 100 mg/L DUF, BB E A 90% L -,
7K TP ZERT 11 d N5 8h48 k(0. 11 ~3.16 me/L) ,
5 K TP 284k TF- 22, B i fa E 7E 1. 0 mg/L
DA, X5 Y 25 BR 3R B A 4ERFAE 80% L) I

SN #i AR BR 25 1 R 56 16 ~ 18 K#K
2E4h  HAR IR B cha e , 2 A —MAE 3. 50 mg/L L)
T, 17K TIN —f AT fR477E 5. 30 mg/L LATT 0L Y
FBRROFRAE 82% DL b, A A A LR (KR
it 3.2 mg/L) , IR Ak HK TIN (19 32 22 5Tk
H MR —MAE0.70 mg/L LI (WK 7).

20} 1100
st - TIN 80
P ~NH-N p
10} ~No-N 1% &
= +NO-N  l49 ™
X 4 TIN 2B Z
® {20 ©

0% Slwea - 0
0 5 10 15 20 25 30 35 40

t/d

7 RMZRHAKEIRER TIN XRREZW
Fig.7 Profile of effluent TIN, NH,” - N, NO, - N,

NO, —N and removal rate of TIN

2.4 AGS BT AL EBIRIT

PERE R 2 H AT TR AGS AR
FRHOBR 2 — , IR BEIN  7E 5 W IE R Sk i
T AR EESR IR P 4 PR R ATE I AGS, 1
Fr Ik TR 0 K 8 5 TR A4 4 Kk i e W T
(1.2 ~ 1.5 em/s) FI3% 87 48 S 14 0 6] ] (30 ~ 1
min) , T A HLOAT[ 2.4 kg/(m® - d) TR
PR T B AR B . RS R A A
T SHORLALZR T R A 25 5 3 AR B9 ol
A MR IRE FE R 24 o B B AR R
PEATRA W FECRAL R IR MRS, 534k, Sz
8 ~23 d NI % T o vk OB b 2R W) I 9 EPS 7
86.78 ~95.56 mg/gMLVSS Z[a] (PN/PS 4y 1.12 ~
1.34) , SIRAW IS TR EPS 2 H A2 (H 2 54K
T 36 d J5 102 AGS 4k (134,23 ~ 142.72 mg/

gMLVSS) o [RGB by #3000 07 288 265 2F W B o AT
FRUG R T AT B R I R K T e T
P13 IR i EPS| O A SR (A A B 5 1L
NECE R AGS(ILIE 8) o ¥, ZRARTS Je AL BE K
(VR R 3B % A6 g AGS ™™ 5 S A5 K g s i) , A
HZ T, BRI TR N AL N B 75 5y, N2 1
B AR AT s Fe AL O AGS, N4 % T AGS
T IS (e Ta)

WG e

SERUR

] . 24 d WERBR
_’E 4 KA A
e E "Ak*.)' y
i N BN
AWl gem AABORE R
e M IR AGS

1~23 d

SRR I

B8 3BT R RS R LI
Fig.8 Mechanism of rapid aerobic granulation
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