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Flocculating Capability and Mechanism of Bioflocculant Produced by Paenibacillus

polymyxa GAl
RUAN Min; YANG Zhao-hui> ZENG Guang-ming; XIONG Li-juan; TAO Ran, WANG Rong-juan, LIU You-sheng

(College of Environmental Science and Engineering, Hunan University, Changsha 410082, China)
Abstract: MBFGA1, which was produced by Paenibacillus polymyxa GAl, was used to investigate its flocculating capability in the following

waste water> the liquid of kaolin, soil suspended liquids coal-washing wastewater and the landfill leachate with orthogonal experiments, the
inspection of granularity and the scanning electron microanalysis. Meanwhile the anthrone reaction and infrared spectrum are also applied to
identify its main component. In the optimal flocculating conditions obtained from the orthogonal experiments, the flocculating rates of the liquid
of kaolin, soil suspended liquid; coal-washing wastewater and the landfill leachate were 99.53%, 99.50%, 98.2% and 75.60%
respectively, and the sedimentation velocities of the above four kinds of flocculants were 0.03 m/s, 0.025 m/s, 0.025 m/s and 0.005 m/s,
respectively. In addition, the distribution of granularity has changed after flocculation. The size of the average granularity of soil became bigger
after flocculation, and reached over 10 pm> but for the other three kinds of granularity just the opposite phenomenon has occurred, and their
sizes were all less than 10 pm. From the photos of scan electron microanalysis of four types of granules, it could be drawn that there were no
obvious differences in the appearance. It was the same adsorptive mode between MBFGA1 and different flocculating particles, that is the
function of electrovalent bond tested by EDTA, HCI and urea. The main component of MBFGA1 was polysaccharide, which was determined by
anthrone reactions and it contained a lot of carboxyl and hydroxyl groups examined by infrared spectrum analysis. From the above results, it
could be presumed that MBFGA1 can be the best flocculant for the granule-highly-concentrated waste water and the dominative flocculating
mechanism of the flocculant was mechanism of adsorption-bridge .

Key words: microbial flocculants; flocculating factor; granularity analysis; flocculating mechanism; adsorption-bridge
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Table 1  Results of orthogonal experiments by Ly (3*)
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Table 2 Comparison of particle flocculating in 4 types of wastewater
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Fig.2  Changes of four types of granules before and after flocculation
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Fig.3 Scan electron microanalysis of four types of granules before and after flocculation( x 20 000)
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Table 3  Effect of additives on flocculation

JREIKFEA fin EDTA fin Hel IR %

e IR BT AR BT AR PRTY S S
TR LU SE AR LUk SE AR T BRI S
YRR IK LA BURSE IR 2R T BRI S
B B g BURSE R BURSE RO SRR T AR RIS

BIXF EDTA A HCL AE & U, F00 K = A UK T
PRE& W] LURURE 18] T B S0 B, AT Al I 28 st 771) 5
o7 1) () 208 s 17 EDTA A1 HCL RE 9% 35 20 A 3R 2Lk 5]
L RURE ] (1 25 1 A S R AR R UG . e T A
A T 2R 5 7R 5 O 2 TR 1 45 6 T Ok T
2.5 ZET MBFGA1 B3 73 4T

SURE AL B rh o v IR SR A R, )
RGN o 2 N — D R
FURR Sy » ¥ W42 4005 (1 ZLRE AR 7 i FH 2041 615X
AT T, a5 R 4.

BEHE%

20 1 1 ! 1 ! 1 T =1 1
4000 3600 3200 2800 2400 2000 1600 1200 800 400
B/ em!

El 4 MBFGA1 RILLSMEIEE
Fig.4 Infrared spectra photo of MBFGA1

4 SR SR () 22 R 4T AN, R R 5
SN g AW A BB AE2 935 em ™' F12 850 em ™!
AL IR, S C—H AR RRA 47 4 5 1 45 3L, 1 X3
(1R S A U 2 W A TR R R AL 06 5 3 429 em ™' b — T
Wi, Sk ER o 1) —OH FI N—H 9% ) (1 5T £, 1 0
T WAFAE SV ; 1 685 em ™" Ab IR IR AL U Dy 22 il 7 S5
I =0 WA KA A, 1269 em™' 1134
em™'~1065 em ™' F11 016 em ™" ZHEFR P EEF) C—O
AL IR WA 0 . b T S T A% SR ) RO A R
BiEoy 7o B R R R I, 0 T 2R 4 T IR
PR AR 0 P e TS A T B B e b, A
FSCTBE 5 R IR S — )2 B0 A At P i B, A o e 2
RN B AR L 8 — oA R, Ee bk
I3 ¥ LEARZe Vo) 7 BB IE o T A IR 2 B
2, AL RE B 22

3 W

MBFGA1 X} 1 T B JHURE 40 152 7K AT 558 1 1) 2R e %

B H AR BUTUE W) 55 S FE v B /K A1, | T3 3 i
A S B O R K A I Bk B ) B 4y
S AN K, AR S BR B ZK Th A2 17y B2 %, s

BT 8 318 DR VR R R B A LR K, E LB E
R Az bR v, AT DR B 2 4 2 4 ot mT 5 23 57
THIEAER, Wits T 4> T EE T e R ¥ 5 A%
YER, BRAR T 205805 . 53 4F, X T- MBFGAL R84
RCEUEE (P ORI P55 1) 9 5 DA R CER B I R /K rh s
LA 53 A O TR 1) ) R, 28 3 9 A1 4 I 9 o i I IR
AR

J& 7K SR (8] A2 A8 23 ¥ TR FH O Canya A 7y
SUBE ) SEOTE I T R 8 TR AR R R 5 2R
MBFGA1 A Z Wi 7y T & i 2 ¥4 1k 5 R 5 A B
IR, 2o PR BB o) 7 b B AT B 2 0 T B A7
UK BRI R TIN Ca? S, FRAR T Uk 1)
FHL T T IR 0L 2, 0 5 2L 5 43 7 ()5
TR ) on M v T AR 00 g 2 0K DA S 1B (1)
77 K5 U > 1 BiE VAR 45 A BB T A
[ B 15 B 52 A G b W B S 0K, TS pH IR
FEJG AR ZRERE R 43 B R A ) R A R 40
11 AR T 78 90 J I, A 2LEER 7y T 2 i n)
PEIE— 2D W BRI 2% (A1 105 A A R BFF 119 20 7 1 B
B AR Bk AN A TR 5 I e 4 T A LA
M s T B2 ) BRI 2R T

FH 2 SCHR 2 W02, Stk R [ s [R) 26 J K
EH s 208 JBE AR FRY R FEL J2 15 R RIORE DT 3 7 A ) 2R A A it
R s S0 sk H e ORI P A A ot A58 17 2R AR e r= A 1
BUARBE SR v BRI s AE iy vhoRT R At v 40
BB A W B A 1 P A R It B R T s K A
RIS TN S B v V8 1 . S v A A R 24
TEAS VR B SR R R /K H R R 4% o0 A ARk =
BHE, A7 7F 23 ) 55 RORL [R) W B ZE R AR s
D), A& P 406 P A 1 X0 P 23 B0 HE b R A e
Az ARSI

4 it

CDAE 4 Bl R IK I S R 2R e 4 1 F, 2R 5



10

BURRSE : 2RI ZFAURT IR GAL P77 2R IEFI 1 20k vk B IT M ML B R

2341

MBFGA1 X} 08 ¥ W I 20K 99,53 % , 244 (1)
DU R EIE 0.03 m/s< ULTEY) S5 HE iy 0 L3
O R PR R K 2R 4 B A 99.50% F
98.2% » AR VT IL L 0.025 m/s; 7B UE W 2R Bt
MR 75.60% > 52 H AT SCERRE 1Y 5 A ORI R
TR = U A ) B ) A v UKL A7) 3 88 TR 7K Ak
PR AT AR b B e A A

(2)4 Pl /K S35k Je R A% 3 A ¥ AT B R, +-
R AR 255 PR R K KT 10 poms H 42 3
T2 3R K R R A% 7 AT AR Ak a3 5 2 M s, HLP
Hkide /81 10 pm.

GOFIR BT LG I, 4 Tl 2 7K UKL 22 8¢ Ji5 41
BRI 2 5, WA M1 43 I T 45 1) TE A%
i HAE 3 T A AR LB 4 EDTALHCL BL &
PREFTIG S WKW, 4 FPURL 5 2R 7 1 IR 45 &
ER D R A T4

(4) I Js2 )37 45 32 W) MBFGAL 1 L ZL Rk 4
ZHH, LLAMETE BT 4 R B ORZ 2 A TSR
Z I FRHE ORI TR ], O T 1 Y 2R

(5= A2 (R 2R T 25 R DF 55 SIERE L R /K i
FERAE 43 Al A2 Ak K Fi BT 4 4 1) &5 FEHE DI, MBFGAL
(1) 2L BEAT LB Ay VR B A 1 1
5330k

[ 1] Salehizadeh H, Shojaosadati S A. Extracellular biopolymeric

flocculants Recent trends and biotechnological importance [ J J.
Biotechnology Advances> 2001, 19(5): 371 ~ 385.

[2] ShihIL, Van YT, Yeh L Cs et al.Production of a biopolymer
flocculant from Bacillus licheniformis and its flocculation properties
[J]. Bioresource Technology, 2001, 78(3):267 ~ 272.

(3] F8, LA, WHEG & LR ZUBER 7 28 v 1 4R PR 5
CIL B2, 1995, 35(2): 121~ 129.

L4 Bagk, b, B oan], &5 Gl 2R3t e L 8Lt it A4 W i
W L) ] A M2 2% 2005, 25(4):82 ~ 88.

[51 Bk, b, o e, &6 IR W SR 7 A i 1) 7k L 28 2
KT TRFAFRIOEAL BT ST L ). vh [ 2R 4 TR 2% 35, 2005, 25
(8):76 ~ 81.

L6 XU%AY, EH, 807 BT B A25 77 LW 80t 1
LY. BREER 223, 2001, 21Csuppl):47 ~ 52.

L7 RPEES, Rk, XEE, 55 2B BP2S [R46 272 41 2 45 1
WEFELI]. BAEY 24, 2001, 41€3):348 ~ 352.

[ 81 Salehizadeh H, Vossoughi M, Alemzadeh I.Some investigations on

[o]

L10]

L11]

[12]

[13]

[14]

[15]

L16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

bioflocculant  producing bacteria [ J J. Biochemical Engineering
Journal, 2000, 5(1): 39 ~44.

T, R, Bl Rk, S8 B SRR IR BT 4 2 A ) BN A
(RIEMILT]. Y 5 3R B2 A2 4], 2001, 7(5): 483 ~ 488.
RHEM, TG AT I B, 48 2 BREF AR B A AN IR il A 7 2R
BERIBEIELI]. 3REIRE 2005, 26(5): 152 ~ 155.
WS, B AR, ORI, A5 2R A AT B GAL P 2R BEI I
BEIRIAN ) B I L ALT]. BB, 2006, 27(7): 1444 ~
1449.

TR AR, BITURG S T P SRR P R R I R A L
T& B N ITWEEL 1], SR BERE 2441 20055 2511 1497 ~ 1501 .
Deng S B, Bai R B, Hu X M, et al. Characteristics of a
bioflocculant produced by Bacillus mucilaginosus and its use in
starch wastewater treatment[ J 1. Appl Microbiol Biotechnol, 2003,
60(5): 588 ~593.

Kumar C G» Joo H S, Choi J W, et al. Purification and
characterization  of an  extracellular  polysaccharide  from
haloalkalophilic  Bacillus sp. 1-450 [ J 1. Enzyme and Microbial
Technology, 2004, 34(7):673 ~ 681.

ZEHE 03, KO, BRERAL . Rl A M 2R R MBFTRJ21 128 AL 2T
CILBRBERE, 2004, 25(3):69 ~ 72.

Lu W Y, Zhang T> Zhang D Ys et al. A novel bioflocculant
produced by Enterobacter aerogenes and its use in defecating the
trona suspendsion[ J 1. Biochemical Engineering Journal, 2005, 27
(D: 1~7.

Lee S H)» Lee S O, Jang K L; et al. Microbial flocculant from
Arcuadendron sp.TS-49[ J1. Biotechnology Letters, 1995, 17(1):
95~ 100.

LI, TR R TSI, 55 A AR A BB R 1 o i B K
SREEHLELR O FTLT]. 35 BB} 2 24 41, 2005, 25C11): 1491 ~
1496.

Nakaura J» Miygeyshi S, Hirose Y. Modes of flocculantion of yeast
cells with flocculant produced by Aspergillus sojae AJ7002[ J1. Agr
Biol Chem, 1976,40(8): 1565 ~ 1571.

Raichur A M, Misra M> Bukka K et al. Flocculation and flotation
of coal by adhesion of hydrophobic Mycobacterium phleil 1. Colloids
and Surfaces B: Biointerfaces, 1996, 8(1~2): 13 ~24.
Vijayalakshmi S P, Raichur A M. The utility of Bacillus subtilis as a
bioflocculant for fine coal [ J 1. Colloids and Surfaces B:
Biointerfaces, 2003, 29(4):265 ~275.

Anastasios I Z, Chai Xiao-Li, loannis A K. The application of
bioflocculant for the removal of humic acids from stabilized landfill
leachatesl J1. Journal of Environmental Management, 2004, 70(2):
35~41.

IR ZE Al 27 ZRBEFIAE B M. b5t B4 gL, 2005





