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Abstract. By using kaolin suspension as the research object and the coagulation test as the basis, 
the optimum dosage and the fractal floc characteristics of high turbidity and low turbidity water 
processed by the biological flocculant (BFs) and FeCl3 were investigated. The results demonstrated 
that the optimum dosage of the biological flocculants and FeCl3 was 10.5mL/L and 5.25mL/L, re-
spectively. The flock fractal dimension with optimal treatment effect and stability was between 1.4-
1.6. 

Introduction  

Microbial flocculants are natural biopolymer flocculants and metabolites with flocculation activ-
ity produced by microorganism which contains glycoprotein, mucopolysaccharide, protein, cellu-
lose and DNA. Microbial flocculants are high efficient, safe, without secondary pollution floccu-
lants with biodegradable.  

The growth process of flocks determined the flocks could have self similarity and scale invari-
ance in a certain range, which is the two important characteristics of the fractal, namely the for-
mation of flocks has the characteristics of fractal. The irregular degree of flocks was described by 
the flocks "fractal dimension" and the process of formation and "grow up" rules of flocks was de-
scribed by the flocks "fractal dimension”. The change of factors of flocks fractal dimension was re-
lated to the turbidity of raw water and flocculants dosage.  

Better purification effect could be obtained by microbial flocculants and chemical flocculants 
used together and the total dosage of flocculants could be greatly reduced. The optimum dosage and 
fractal characteristics of flocks with the use of compound microbial flocculants and inorganic floc-
culants were investigated.  

Materials and methods 

Test instruments 
Industrial control computer, 721 visible spectrophotometer, electronic balance, intelligent coagu-

lation test stirrer. 
Test water 
The dispersion of kaolin powder was quantitative into deionizer water and stirred with high 

speed to prepare the synthetic raw water for the test. NaHCO3 and NaNO3 was added for each 
0.5mol/L into the raw water to adjust the alkalinity and conductivity of the solution. The turbidity 
of high turbidity water and low turbidity water was 1000NTU and 100 NTU, respectively. The ini-
tial pH of kaolin raw water solution was 7.8. 

Test insecticide 
Bioflocculant was separated from the aerobic activated sludge in strain F6 and aerobic sludge 

International Power, Electronics and Materials Engineering Conference (IPEMEC 2015) 

© 2015. The authors - Published by Atlantis Press 1131

mailto:8601375@qq.com
http://www.iciba.com/fractal_dimension


was obtained by oily wastewater in the aeration tank station (from Daqing). By the way, the strain 
F6 had been identified as the Bacillus sp. and the concentration of FeCl3 was 10%. 

Table 1.  Dosage of FeCl3 under different water quality (unit: mL/L) 
number dosage of FeCl3 under high turbidity water dosage of FeCl3 under low turbidity water 

1 0.3 0.10 

2 0.4 0.15 

3 0.5 0.25 

4 0.6 0.4 

5 0.7 0.5 

6 1.0 0.6 

 
Test conditions  
Six couplet beaker test were carried out by using the mixture of BFs and FeCl3. The experi-

mental conditions were: BFs (dosage treatment of high turbidity water with low turbidity water: 
10mL/L and 5mL/L respectively) with different amounts of FeCl3 compound, pH8.5, hydraulic 
conditions for two section type stirring (first section of stirring speed was 160r/min, stirring time 
was 40s, second section of stirring speed was 40r/min, stirring time was140s), the absorbance was 
measured after static settling for 20min, pictures were taken after the slow stirring, the fractal di-
mension was calculated and analyzed by using flocculation morphology and the average value of 
six linked beaker experiments was used as the experimental index.  

Calculation of fractal dimension  
Calculated of flocks by using the function relationship between the projection area of flocks and 

the maximum length of the fractal dimension was proposed by J. Gregory (Gregorian) which is the 
famous British scholar. The function relationship between the projection area of flocks and the 
maximum length was: 

fDaLA =                               (1)  
In this type: 
A : the flock particle projected area, 

 
L :the maximum length of projection,  
a :the proportionality constant,  
Df : the fractal dimension of floc in two-dimensional space. 
For the natural logarithm of the formula, there is: 
ln A＝Dfln L＋ln a.                       (2) 
Te slope of the line could be obtained according to the linear relationship between the mapping 

of lnA and lnL and the fractal dimension Df  could be carried out. 

Results and discussion 

The compound treatment of high turbidity water by BFs and FeCl3 
Dosage and water absorbance value of high turbidity water compound treatment by BFs and 

FeCl3 and fractal dimension are shown in Figure 1: 
 

1132



 
 

Figure 1.  Water absorbance value and fractal dimension of high turbidity compound processed by 
BFs and FeCl3 

It is demonstrated in Figure 1 that the minimum effluent absorbance value and the best treatment 
effect and minimum mean square difference could be obtained when the dosage of BFs and FeCl3 
were 10mL/L and 0.5mL/L, respectively. It is also demonstrated that the optimal stability and effect 
of experiments could be obtained by optimal dosage of BFs and FeCl3 was 10.5mL/L. The fractal 
dimension decreased after rising with the increasing of dosage and the fractal dimension was 1.588, 
when the effect of effluent and the stability were best. 

The compound treatment of low turbidity water by BFs and FeCl3 
Dosage and water absorbance value of low turbidity water compound treatment by BFs and 

FeCl3 and  
fractal dimension are shown in Figure 2.  

 
Figure 2. Water absorbance value and fractal dimension of low turbidity compound processed by 

BFs and FeCl3 
It is demonstrated in Figure 2 that the minimum effluent absorbance value, the best treatment ef-

fect and minimum mean square difference could be obtained by the dosage of the BFs and FeCl3 
was 5mL/L and 0.25mL/L, respectively, and the treatment effect was stable. It is also demonstrated 
that the optimal stability and effect of experiments could be obtained by optimal dosage of BFs and 
FeCl3 was 5.25mL/L. The fractal dimension varied significantly with the increasing of dosage and 
the fractal dimension was 1.412 when the effect of effluent and the stability were best. 

Conclusion 
The optimum dosage was 10.5mL/L and 5.25mL/L, respectively; when processed with the high 

turbidity water and low turbidity water by the mixture of BFs and FeCl3. It is demonstrated by cal-
culating the fractal dimension that both in the treatment of high turbidity water and low turbidity 
water, fractal dimension and stability of the optimal treatment effect was 1.4~1.6.  
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