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Flocculation characteristics and mechanism of flocculant
PCF-1767 produced by Phanerochaete chrysosporium BKMF-1767

LI Ning-Jie'* LAN Qi'? CHEN Zhong-Wei'? LIU Jie'? WU Lei'?
WANG Dun-Qiu'? ZHANG Hao'? HUANG Xiao-Xia'? PANLi'? CHEN Yi-Cong'”
QIN Ye-Wei'*?

1 College of Environmental Science and Engineering, Guilin University of Technology, Guilin, Guangxi 541004, China

2 Guangxi Key Laboratory of Environmental Pollution Control Theory and Technology, Guilin University of Technology,
Guilin, Guangxi 541004, China

Abstract: [Background] The use of traditional flocculants poses security and environmental problem,
while microbial flocculants have the advantages of non-toxic, no secondary pollution and easy
biodegradation. Therefore, it is of great significance to find efficient and economical microbial flocculants.
[Objective] To study the flocculation characteristics and mechanism of PCF-1767, an extracellular
polysaccharide flocculant produced by Phanerochaete chrysosporium BKMF-1767. [Methods] The
flocculating activity of the PCF-1767 was determined using a Kaolin suspension. The effects of flocculant
acquisition time, flocculant dosage, pH, Ca®" concentration and temperature on the flocculation efficiency
were studied, as well as the thermal stability of PCF-1767. Flocculation mechanism of PCF-1767 was
discussed from the monosaccharide composition and glycoside bond connection type, the molecular
weight of polysaccharides, Zeta potential determination, and flocs morphology observation. [Results] The
PCF-1767 obtained at 6—12 d displayed high flocculating activity. For higher flocculation activity of the
PCF-1767 obtained at 7 d, at least 2 mmol/L Ca*" should be added as coagulant. The optimal flocculant
dosage was 0.75-1.35 mg/L, with an optimum pH range of 3.0-9.0. The flocculating activity decreased
when the water temperature was higher than 50 °C. The flocculation activity of PCF-1767 was almost
unchanged after 3 h water bath treatment. The primary structure of the polysaccharide in PCF-1767
obtained in different periods was similar, mainly connected by glucose in the manner of —4)Glup(1—-.
The molecular weight of PCF-1767 increased with the culture time, at the range of 9.897x10°-2.126x10° Da.
Zeta potential determination and flocs image analysis showed that the main flocculation mechanism was
adsorption bridging flocculation and sweeping, instead of charge neutralization. [Conclusion] The
flocculant PCF-1767 produced by P. chrysosporium BKMF-1767 has high flocculation efficiency with low
dosage, wide application range and good thermal stability. In brief, PCF-1767 has good application
prospects.

Keywords: Microbial flocculant, Extracellular polysaccharide, Phanerochaete chrysosporium, Flocculation
mechanism
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Figure 1 Changes of polysaccharide and total sugar
contents in culture medium with culture time
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Note: A: Changes of polysaccharide concentration with culture

time; B: Changes of total sugar concentration with culture
time.
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Figure 2 The relationship between PCF-1767 and flocculation efficiency
E: A AEESFRNHE 24209 PCF-1767; B: ARRIMEER PCF-1767.
Note: A: PCF-1767 of different culture time; B: PCF-1767 of different concentrations.
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Figure 3 The effect of flocculation conditions on the flocculation efficiency of PCF-1767
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Note: A: Initial pH value of flocculation system; B: Initial Ca®" concentration; C: Initial concentration of kaolin; D: Temperature.
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Figure 4 Thermal stability of PCF-1767 flocculant
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£1 PCF-1767T YT EREUWLER

Table 1 Main methylation results of PCF-1767

PCF-1767 W42 HH 7] R B Al B

Extraction time of PCF-1767 (d) Methylated alditol Connection type

5-12 2,3,6-tri-O-methyl-D-glucitol —4)Glup(1—

6 2,3,5-tri-O-methyl-L-arabinitol Arap(l—
2,5-di-O-methyl-L-arabinitol —3)Arap(1—

7 2,5-di-O-methyl- L-arabinitol —3)Arap(1—

%2 PCF-1767 B4 FEMNELH R

Table 2 Molecular weight determination results of PCF-1767

PCF-1767 H4& I 1] HIY ST By oy ik Gy

Extraction time of PCF-1767 (d) MW (Da) MN (Da) MW/MN

4 9.897x10° 8.571x10 1.155

5.110x10* 3.898x10" 1.311

7 1.499x10° 1.238x10° 1.211

8 1.689x10° 1.276x10° 1.323

16 2.126x10° 1.824x10° 1.165

TPl RE SR A AE TG R, X AR AT RE I 2A
LECRETH R R . ARSI FEEREGE 7 K
LRy, HEXS TR 1.499x10° Da,
BT REBCRE"2 P LEER, XA AEdL
BB S A R . 4 Aljuboori 2
WA R R 2 WS> TN 2.574%10% Da, Li
220 IR AT X-14 20 MMM e 2> T4
N 6.89x10* Da, #FFASFEFFIE TI-1 40 A9 —F iR
PESUEEN TR 1.2x10° Da?; PCF-1767 51
T AR YRR P S T R AT (Y
1.8x10%), i A BEAR T LB FH I 1-10 mg/L,
YV M AR 22 1 KGO3™! (3 T 2410 1.87x10°)
5 PCF-1767 i M AT, & 0.5-1.0 mg/L, Tif
ZIEE T PCF-1767, {HAUPRIEMRIE41FF
(GaE
23 ZENESH

mFE 3 P, @R REA AR, A
CaCl ¥ Zeta FLAIIEA FTF, xR Ca™ iy
NG AR = e o T 15 i SR T 1N 1|
PCF-1767 J5 1A & ) Zeta Mo AT A 254k, H
LBERIA B R, UL BRI AR

HILFTAS S 3 3k v A7 P RSB 2O

SHBRRTA T R Uk S T PTG W= Y R e o
WKL R B S A/ Nk () 6A). IHA CaCly %
WG, R ROT R A 22 AR R (K] 6B).
A PCF-1767 J& , VWHIE BRI A (E 6C),
X E—HUFSE T PCF-1767 T 7K w9 4 7Nk )
LEHE . WEHEPI N, WA R eT A
BTEZ B o> 5k b, WMITERE B A B0 AT DL TR
i At 22 T B, DA TR B LA 0T
RERE 00 =4 20k, 7E TR AR b 2AH B 4
ESE W N K L NN TR S =
W+ TR . 254G Zeta AOIAIENGE, Ui 5L
BB 5= 2 30 e W o A AR 4 1 FH 52 BT 0k )
2R EE

3 Zeta BAIMELR
Table 3 Zeta potential measurement results

T Zeta HL{V

Sample Zeta potential (mV)
Kaolin solution —23.4

Kaolin solutiont+CaCl, —18.5

Kaolin solutiont+CaCl,+PCF-1767 —15.6

PCF-1767 =7.5
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Figure 6 Microscopic images of flocculated kaolin

e A B EEW; B SR LRGN CaCLIFW; C: Wil 1838 CaCly ¥ N 52 5E 5 PCE-1767.
Note: A: Kaolin suspension; B: Kaolin suspension plus CaCl, solution; C: Kaolin suspension plus CaCl, solution and flocculant PCF-1767.
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