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Properties of Anaerobic Granules Developed by Bioflocculant
WANG Jing-song
(School of Urban Construction, University of South China, Hengyang 421001, China)

Abstract: Three identical UASB reactors (labeled R1, R2, R3) were applied to treat synthetic wastewater of COD concentration 5 500-6 500
mg-L™' . Under the same process conditions, R1 was operated with addition of 7.5 g CaCl, and 400 mL bioflocculant MBF21 weekly, R2 was
operated with addition of 140 mg cationic PAM weekly, R3 was operated without any addition of flocculants served as control. The objectives of
this study were to investigate the effect of bioflocculant MBF21 on development of anaerobic granules and compare it to cationic PAM. The
results showed that after 67 days of operation, anaerobic granules developed in these three UASB reactors. The average diameters of granules in
R1, R2 and R3 were 1.18, 1.21 and 0.76 mm, respectively, the granulation rates in R1, R2, R3 were 15.37, 15.82 and 9.10 pm+d™"',
respectively, the values of SMA (COD-CH,/VSS- t) of granules were 0.740, 0.657 and 0.558 g-(g-d) ™', respectively, the VSS/SS of
granules were 0.667, 0.629 and 0.607, respectively, the SVI of granules were 14.7, 13.1 and 20.4 mL-g™", respectively, the densities of
granules were 1.061, 1.064 and 1.054 g-cm ™, respectively, the integrity coefficients of granules were 92.1, 93.5 and 84.7, respectively.
From the photos of SEM, granules developed in R1 and R2 were tighter than those in R3. In the formation of mature granules, all the three
reactors showed similar laws, i.e. filamentous microorganisms were predominant on the surface of the seed sludge while bacillus and cocei
bacteria were predominant on the surface of the mature granules. This study demonstrated that in the development of anaerobic granules, the
effect of bioflocculant MBF21 on enhancement the physical properties of granules was similar to cationic PAM, but the effect of bioflocculant
MBF21 on improvement of biochemical and physiological properties of granules was better than cationic PAM.
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REMBEFAEEAREE B ZLBREFHY
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S FTIE R IR IR I 1 Rk Ay
ZEEN A HHE-R21, 28 F A EERHENETE
& ( Penicillium cyclopium) , AR =Y 2 0 B R KB
PRAEYEEN MBR21, B TE2HAYHE b T4F
FEEKEN—COOH.—OHE XM , 5 Ca** BL&1E
RAMBERPHEEMBRYAERNERER &5
Wi EEN MBF21 X ERBRMEEERD,
FEBEIE T 4 B £ B0 MBF21 42 3 K €15 1B Sk
TR PLEL 43R 56 L COD ¥R B 46 000 mg-L™' 2
ERALEREKARRMNE, EFBEHETES
UASB X I 8% , i i bb %5 18] 8K 8 hn 4% £ 90 8 8 )
MBF21 F1FH & F PAM 3 & B IR S FURLIS R MR 42 |
UIREPERE AR Y008 o R B R B8 V5 U8 55 B M ik
VM BABEYEEN S ARE S TEERER
HREE R BR AR R R, LA b 54 o 2 5
MBF21 74 i 35 5 IR S B0k T5 U8 5 T i 1 F 4R {3
WARYE .

1 MRS HZE

1.1 RBEHEE

TLHRAATRITA 3% UASB R 4%, LA
PLIE 3 I T AR, SR 284 FCh 5.03 L. R A e ik
FREREGBS+ ) CTET,HREREE 48
BARKAEKBEBR, UHEENHKIE, COD RE
5500 ~ 6500 mg-L™',COD 5 N.P WRE LN
300:5: 1, LI ERTEMBETE, BINER
SRR HEK pH R HIFE 6.4 ~7.3.
1.2 TAEYEEF MBF21 M H B F PAM

A Y2 BN MBF21 b i A 41 BF R , 48 R 30 7
AT HHE-P21 H ¥R 8 4 2R F o 30 0% 3 4k 5 A
WEME SN ENEEERAHERD, 25K
BWEG AR PLEENEFREREANRETER
( Penicillium cyclopium ) , BN ERE G, BIEwE
ECP KR, AR B SR 1.0~1.5 gL', fX 4
FRHRE 100 x 10° 2" .

FHES T PAM.3: [E SNF /A Al , #i Xt 43 F i & 900
x 10" 24 .
1.3 BMREBR

BB H—A4EE4T UASB P i R BB L E
RER, L 100 HLH BRERAE 1. ENRNE
WNEM 24L ZBRERETB R, 35L& K B8 WK

MLVSS ¥4 9.31 g-L"'.

1 BERNRESREER

Table 1  Characteristics of anaerobic sludge

SVl/mL-g~' VSS/SS SMA/g-(gd) 7! B2 /mm

23.1 0.537 0.101 < 0.15

1.4 UASB W33
RABKEMEER Y TR, BEAM 1 K,

RLHBIEN 7.5 g CaCl, 1 400 mL B % 8

MBF21,R2 &K E N 140 mg FHE F PAM,R3 H &
B REENIME AT IR L JS 3 UASB SR 2% , 24 SO B 4%
COD £ B2k 80% Bt 3% 2 1 fin Fic /K ¥R BE F3d K Wi
B UL SOn 4% 25 AR 00 ey, o A Y B B Ok
KA.

1.5 WikWmE 5H %

SS.VSS.SMA W E S WICER[18] ISR HLE
RIS L SCHER [19] . ORI T5 R A9 13 4 B8 4% (SEM)
MBS W ICER([20] .

REMHRAGIES R—ER/HEBER,
UGB 2.0.1.0,0.7,0.45.0.15 mm KI5 M, 6 &
TR FTEE TSR T HRRE T EA R R
YR ORI TS B B TR B 4 3, 1R B R TS TR i AL 42
4370 FOF- BB AR .

BRERRENNES RICER21]) R—E&
RIEREGHREI1I0FE. #BE 1 LNEFPH#T
UUFE BT 1 min DTFEF 3R (975 U8 #F 17 58 B 0 8 .
ERFMT K XTRESZE 200 mL MEE RS,
Mg K ZE 150 mL, R 58 M4 T M AE 200 r-min~' (9
BRFHY S min 5, BFREBZE 250 mL MR
FHEATUIRE, VUM% | min 5, B2 E LERNRAKEA
AR, 5B EREA P RUTAREREE R
B SS, RERBERKFHSS, ABRERB(OFKRR
BRISTRMREE, & X T .

¢ = 100 x SS,/(SS, + SS,) (1)
AF,SS:IEFRFEBYSE, mg'L™';SS,:
FREERAKIEBRY SR, mg- L HR(DAR,
K, X R B IR K, R ZIFR

2 SRESW

2.1 TSIRULIEHERE A5 T LA

FER N 243817 67 d MR #HE P, W E R [ 6t
P& R P A T5 IR SVI.VSS/SS.SMA, 18 | & #5 #7
RERT R RSP Y 5 SR LR 1.
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Fig.1 SVI, VSS/SS, SMA of sludge in different reactor

ME 1(a) AT A, 3 4N B2 5 I8 Y SVI {H 7E
BATHIHERAE AR S E MG, T R1 A R2 53R
B SVIME MR R3 WD 25,3 MR A+
HRK SVI Z#w /. RN #3315 1T 67 d /5, R1.R2,
RIPHRETITIRE SVIH4 52 14.7.13.1.20.4
mL-g™' . N 1(b) 7T 51, B & K 1 8% 32 17 i o] A0 #fE
BI3INTRMSBFISRAOMAEYRZEE M, T Rl
RIS UERY VSS/SS MR & %, B R1 H iz A%
HEYSBEAI2ARMBFIBFREE . XN EHEE
17 67 d J5,R1.R2.R3 R EI5 R K VSS/SS EH 5
AL E 0.667.0.629 F1 0.607. NE 1(c) WA, £
FYMLHA,3 MR MEBISRK SMA HEH A K, Z
Ja , 15 VB 15 1 B8 S 28 K3 3h i AR # s n , IR — B
R1 H75 6/ SMA fH7E 3 R M 2 &k, #i8 RI
PIERMESERE . K M2 E1T 67 d/5,R1.R2.R3
H B R 75 I8 9 SMA (COD-CH, /VSS- ¢ ) {8 4> $3%¢ fin
% 0.740.0.657.0.558 g-(g-d)'.

2.2 SRBEMISIRESELE

TE SN 2% 3B 4T W AS TR st JB) B S8 7 &% R L 8% 75
RHERERBMBHEREE . BANERIE 2.3
A B2 48 W 15 U8 5 BE AN 4% BE B SN 2% S sh i IR B i
B, B RI5 TR R R BN BORLTS ek, 5B
MEDEESEMEE, SREMFL RIMRABET
FEEFOER, ERHBEISRL R3 F B E
B, EEFELK.

2.3 BRMADHENE

XF A [ B 30 4% 2 L 48 TS R AR S AT R

WE BB EHHES LE 2. NE 2(2)TTLUE

F2 FEBFRNEBERN()MRSREE
Table 2 Integrity coefficient and density of sludge during different period

BATES A BERB(C) BISREE g-em™>
d R1 R2 R3 R1 R2 R3
14 79.2 79.4  67.2 1.049 1.051 1.047
30 83.7 852  72.5 1.054 1.057 1.050
45 9.6 90.3  78.6 1.058 1.061 1.052
66 92.1 93.5 84.7 1.061 1.064 1.054

L, EMERREUZRE K, HE O BREN
Fo LGN . EEITRERNER, ISRPMAE
VEEHNE , SREWBRBES, SREEHLZ
RE G LB AT R SR M. WE 2
() (e)(g) AT B B & B UL Ak i#F £ o ¥5 JB 4 5L 4K
W L8 E5 4 , X P I 4 25 49 el 22 R T8 JBR B AP R 38R
AR . 5 R BRLAL S B (B 2(d) (F) . (h) ], 5 X
THT F) 40 B 30— 25 3% 0, 40 2 B 9 3 B 3 I R 4, L BF
P RERD THE REBE FhERERA M
BRIE,REMNAY, H 468 FLE, X2 F RSE
MBORLTS J2.3% T BR Y 38 38 . [R] — B 301 45 I B 28 15
RHELAOEAHGEEREB/R, R M R PERER
ST TEE L R3 P, B Wb R B T B 8 A X
REMAY B IRH/E .
2.4 PRIZRAAZ K

Ay BITE S 38551755 14 d. 30 d. 41 d Fi 67 d
f R1.R2 fl R3 R M H 5 RSITHENE, &
ENCIE R ZF RV ORCE Y - O QKK kR T3 i)
BE ) AR 4L LB 3. 0T LUE S, Bl & RO 2% 33 47 i
6] B #E B, KR 2 0 TR BT &5 B B & $0%
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B4y BB 53.2% .55.8% .23.7% .
BEEIMEWR DA, ITES R BTG
HRHBTFHRE, HBRERITFTRI. AERITH,
A —Bf 8 ,R1 5 R2 R 75 8 F- #8042 b R3 P95
PR, U T A Y E R MBF21 5 & F PAM
HIRE TV BRI IR FHAEH . K288 1T 67 d

J&,R1.R2.R3 57 fY f5k0 R0 42 4> 3% 0 & 1.18.
1.21, 0.77 mm.$& X 5 #% & B9 38 1764 /6] 1128 R1.R2
1 R3 75 VR SBURLRL AR 1 K R A B R 15,37
15.82 #19.10 pm-d ™' . 5%+ B84 R3 AL, R1 # R2
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73.8% .
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Fig.3 Granular size range in different reactors

£33 FHRRRENEEL/mm

Table 3 Variation of average diameter/mm

B 17EEE/d R1 R2 R3
14 0.56 0.57 0.40
30 0.84 0.86 0.54
41 1.02 1.04 0.70
67 1.18 1.21 0.76
3 itig

3.1 BUEMEER MBF21 Xt R & FRLT5 R Y

BB R
REFRGRNEEECELEZ BE.H
BE UL PERES 4 N BIE TR RARBED R
% MBF21 7E Ca** MR RVER T, 5XF R4 M 1,
REIE BRI AL UERE FORLR T RE UM
REMA KIFERE, X— A 5ME-F PAM MR M
L EEFEZEAR . HEF PAM BB —FHTFE
BER xR ESR M B BEEM, EEEANE 2R
BN, MM EMEENS G MIBRERS R 24
FE, Hh S MERFEARE? . D > 5§
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CO;™ \PO;” FH MY N REMEYHRER
HTHANE; @ Ca* 5418 2% | 7B T8
—C00~ .PO;” HABMEBFMIEM;® Ca’* 7 ECP
RYIFAYGEZ EE B REH, R T ECPKY
BREREHNEFESE ;@ Ca* SHIINERY ECP K
YR P —OHE R WIEF R ET ECP XY R HE
RRET RS, @ ECPRYREMH &, 4
AMTREAEREERNEHEE ECP X KEATGR
R R ERAERSHRED ™, ZARR &
REBRBRLAL S B F, ECP WE A& BLE: © £
HHERBERFRH, FERAPREKLEHDPRE
HEEERM;© 3507 4 M % 8 & A, 6 40 fR-ECP-i
HEVBFRER M REN =ZREH . AKX RA
M A RN MBF21 R E QB =48 ECP %
WM, FHEHEKEN-—COOH.—OHZE X A, fE
5HELUK C BESE S, ATk E T REAF KT
T iy B B
3.2 HAEYEEN MBF21 XK E Bk 5 R A 1L,
A AR

REFR ISR M A4 A B PERE 7T A SMA ., VSS/
SSHHAEMAHE 3 M EER ARIEAMEYEE
7 MBF21 AR E k5 R A EHME AL
HEEHATHE T PAM 41, 3 2 P A ¥ 8 %)
MBF21 2 ECP XY, 5MAEYE R IFWAHEE,
BEeEYEMm, HE T PAMESRNE T TER
7, 3k DA W R i, A JBORLYS TR 28 1 S N BB R 8 X
MEESHBMAEY R ERER, 5 /MRA W RHE
MRAEYMHE —ENEAER. FHik, BEITANBR
AR P A AR R BB 0 2R B ] MBF21
AL ER AW LR MBF21 fl Ca* FCA 6
FAXT IR OB T5 e A 4k A M BB A 3% MR R B 7E 2
AFE:-O BEYKHREMRT BKF. AR~
MR R THAED N ILRB, R T =RE M=
FREMREEENEREENRER O £8KY
WEHAET . REFAAREMED KD ESW
BT RENERMER, B F T 7= RS ™ F b
EAE, Bk, ZE BRI LS B, BURL 15 R R | A
YHEMBRERE D T ERITEAIRE .
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(1) 584 P R %0 MBF21 Fil PH B F PAM X K&
BRBRAHENSMEHEN FEERGERL
FUBL T U6 B0 ) B BB O T S SR, T AR 4R 7 BURL
TV I A B | A A BB O T, S A 4 % % %) MBF21

BT PAM ERMH, XHE FTHMEYEEN
MBF21 5 REMAEVMEF =AY,

() RN &RBAT 67 d J5 , 4 ) 8 B3 MBF21
4 FHE T PAM 4H F0Xt BE 40 v i5 U8 JB0R0R 42 38 K 49
HEAHIR 15.37. 15.82 #1910 pym-d™' . SXFT A
L, B Y R B MBF21 4 . FHE F PAM A5
RBABEZEERKOEETHNERTT 68.9%
73.8% .
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