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Fractal Structure and Physicochemical Characteristics Analysis of Aerobic Sludge

Floc in A*/O Process
XUAN Ke-jia» WANG Yi-lis WEI Ke-ji» DU Jie-di» ZHANG Tong

(Key Laboratory for Silviculture and Conservation of Ministry of Education and Beijing, College of Environmental Science and Engineering,
Beijing Forestry University, Beijing 100083, China)

Abstract: Image analysis method; free settling test were performed to determine the morphology, particle size distribution free setting velocity»
effective densily, porosity and fractal dimensions in different topological spaces of aerobic sludge flocs in A’/O process. Then the
physicochemical indices, corresponding to the sludge properties such as: settleability, compressibility, dewaterability and stability, were
measured. Besides these, the extra-cellular polymeric substances (EPS) were extracted from sludge and classified as different components.
The results showed that the sludge floc with irregular morphology was high porous. The effective densities of these sludge flocs generally
increased with the increase of their sizes but the porosities within the flocs and their free settling velocities decreased accordingly. The median
diameters of the sludge flocs at two different sampling times were 248.81 pm» 332.86 pm, respectively. Their corresponding average effective
densities were 0.004 0, 0.0072 g*cm™>, and average free setiling velocities were 2.67 mm*s™', 4.79 mm*s™", and giving the average
porosities of 0.94, 0.89. The dimensional analysis methods, based on power law correlations between floc perimeter, projected area and
maximum length, were used to determine the one- and two-dimensional fractal dimensions ( D, and D, ) of sludge flocs, giving D, = 1.03 or
1.19, D, =1.64 or 1.84. The mass fractal dimensions ( D;) of these sludge flocs were determined by the bi-logarithm relations of effective
density (based on Logan empirical equation)-maximum diameter which equaled to 1.74 or 2.29. The above results demonstrated that the
second sample of sludge flocs was larger and more compact; but smoother than the first sample. Moreover, the results also showed that the
sludge flocs in A>/O process with high flocculating ability or high negative surface charge had high values of sludge volume index (SVI) and
zone setting velocity (ZSV), and low values of fractal dimensions in 2-D or 3-D spaces of sludge flocs correlated to high shear sensitivity and
low floc strength, indicating low sludge stability. The high quantity of extra-cellular substances( EPS) in the sludge was related to poor
dewaterability. As same as the conclusion of literature, the protein component in EPS could improve the negative surface charge of sludge
flocs.

Key words: aerobic sludge floc; image analysis; settling velocity; fractal structure; physicochemical characteristics; activated sludge
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Fig.1 Testing diagram for sludge floc sedimentation velocity
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Table 1 Average diameters and fractal dimensions in 1-D or 2- D spaces of sludge flocs
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velocity of sludge flocs vs their equivalent diameters
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Table 2 Specific values of effective densitys porosity and sedimentation velocity of sludge flocs
KA TR] 4 N FEIE Wi N EIE WeMig PR FEME BME
2008-05-06 100 19.5700 3.9534 0.1329 0.9894 0.9376 0.8267 6.3102 2.669 3 0.5464
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Table 3 Mass fractal dimensions ( D) of sludge flocs
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Table 4 Physicochemical characteristics of the sludge flocs and properties of the activated sludge

KA ZE X IE DD, VAR AR

e 75 e RAE H
Eizta

2008-05-06 2008-05-22
TR E (MILSS)/geL~! 2.94+0.30 4.65+0.11
PR R A R (MLVSS ) /ge 1.7 ! 1.35+0.32 2.61+0.03
VSS/SS/ % 45.92 56.13
TG PIRELE(SV)/ % 39.67+1.15 49.67+2.08
T UeFRE (SVD/mLeg™! 135.09 +3.93 106.81 + 4.48
DX IR A ) (ZSV) /meh ! 0.23+0.02 0.16+0.01
WA EH(BW) /kg kg™ ! 13.41£0.59 10.25 +0.43
B DU (KD /geg ™! 0.022+0.03 0.016 +0.07
T HARBCD)/s! 0.002 0+ 0.008 0.00071 +0.01
ZRIRIL(FS) 0.1590+0.07 0.1705 +0.07
BUEERE 1 (FA/ % 50.11+6.79 42.04+0.43
I AT (SC)/meqeg ™! -0.39+0.01 -0.22+0.02
Zeta FBAT /mV -16.15+0.71 -14.10+0.38
AEGT B 7K 1 CRHD/ % 12.46 12.82

F5 EMESRAEING S FYREPS)/mg g !
Table 5 Extracted EPS within the activated sludge/mg*g ™"
VR ERY R Bl it L i P
2008-05-06 37.09 0.91 72.18 £ 6.66 6.95+0.45 116.21+7.12 44.04 + 1.36
2008-05-22 22.96+0.57 43.33+0.82 3.81+0.19 70.10 + 0.44 26.77+0.45
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