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Fractal Structure and Physicochemical Characteristics Analysis of Aerobic Sludge

Floc in A’/ O Process

XUAN Ke jis, WANG Yi-li, WEI Ke-ji, DU Jie-di, ZHANG Tong

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

Abstract: Image analysis method, free settling test were performed to detemine the morphology, particle size distribution, free setting velocity,
effective density, porosity and fractal dimensions in different topological spaces of aerobic sludge flocs in A7 O process. Then the
physicochemical ndices, cowesponding to the sludge propetties such as: settleability, compressibility, dewaterabiliy and stability, were
measured. Besides these, the extra-cellular polymeric substances ( EPS) were extracted from sludge and classified as different components.
The resuls 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 size, 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 Hm, 332 86 Pm, respectively. Their corresponding average effective
densties were 0. 0040, 0. 0072 g*cm™*, and average free settling velocities were 2 67 mm* ™', 479 mm*s™ "', and giving the average
porosities of 0. 94, 0. 89. The dimensional analysis methods, based on power law comwelations between floc perimeter, projected area and
maximum length, were used to determine the one- and twe- dimensional fractal dimensions (D, and D,) dof 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-logarihm relations of effective
densiy (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 resuks also showed that the
sludge flocs in A7 O process with high flocculating abiliy 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 2D or 3-D spaces of sludge flocs correlated to high shear sensitwvity and
low floc strength, indicating low sludge stability. The high quantiy of extracellular substances ( EPS) in the sludge was related to poor
dewaterability. As same as the conclusion of literature, the pwotein component in EPS could impwove the negative surface chage of sludge
flocs.
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Fig.2 Images of sludge flocs
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Fig. 3 Cumuhtive paricle size disribution ( PSD) of sludge flocs Fig.4 Differential particle size distrbution ( PSD) of dudge flocs
1 (D, Dy)
Table 1 Average diameters and fractal dimensions n + D or 2D spaces of sludge flocs
/ / Um /Mm /Mm /Ym (D1) (D2)
20080506 1510 303 74 264. 37 248. 81 408 94 1. 19 1. 64
20080522 1244 35 77 269. 15 332.86 405 91 1.03 1. 84
[31]
2 2 2 Tmlh) ( 8) [
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Table2 Specific values of effective density, porosity and sedimentation velociy of dudge flocs
/kg m-3 /mme® s~ !
/
2008-05-06 100 19 5700 3934 0. 1329 0.9894 0.9376 0867 6. 3102 2.6693 0. 5464
2008-05-22 100 30 2517 71915 1. 6554 0.9742 0.888 1 Q5287 17.2872 4.7884 1. 0660
3, 22 )
25,331, 100. ,
s 5 6 ) (pe)_ ( C])) pe D ]gpe_ 1gdp 1gpe_
(dv, dy) D: lgdL Dr , R’
(R 2) , Logan -
2
(u) (dv) R, 5
3 (Dy)
Table 3 Mass fractal dimensions (D) of sludge fbocs
lgp;lgdp(Allen) leP-lgd | ( Allen) ]gp;lgdp( Logan) lgP=lsd | (Logan) lgw-lgd,
D, R? D, R? D, R? D, R? D R?
2008-05-06 201 0.153 1 2.18 0. 1224 L 52 0.4140 1.74 0. 3491 1. 88 0. 0333
2008-05-22 2 63 0.031 8 2. 66 0. 0302 2 20 0.1858 2.29 0. 1620 2 63 0. 2392
_1
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Table 4 Physicochemical charaderistics of the sludge flocs and properties of the activated sludge
2008-05-06 2008-05-22
(MILSS)/g* 17! 2 %%£0.30 4 65%0. 11
(MLVSS)/ g* L~ ! 135%0.32 2 61%0.03
VS S % 45 R 5. 13
(SV) % 39 67£1.15 49 67£2. 8
(SVI)/mLeg™! 135 9£3.93 106 814, 48
(ZSV)/ m*h~! 0 23%0.02 0 16X0. 01
(BW)/ke* kg™ ! 13 411£0.59 10 25%0.43
(Kg) g g! 0.02%£0.03 0.016X0. 07
(D)/s! 0. 0020%0.008 0. 000 71%0. 01
(FS) 0. 1590%0.07 0 170 5£0. 07
(FA)/ % 50 11+6.79 42 0410. 43
(SC)/meq® g ! - 039%0.01 - 022%0.2
Zeta /mV - 16 15%0.71 - 14 10%0. 38
(RH)/ % 12 46 12 82
5 (EPS)/mg g™
Table5 Extraded EPS wihin the adivated shidge/ mgeg™!
2008-05-06 37.0930. 91 72 1816.66 6. 95+0 45 116 21£7. 12 44 Mt1.36
2008052 2.960. 43 310.82 3.81£0 19 70 10£0.44 26 77%0.45
3 : VSY/SS
5 22 Di>2, 5 6 59% ~ 84% ,SVI 45~ 255 mleg 1, 75V
Di< 2.Li ' 0.2~ 5.94meh ', 32% ~ 0%,
48% ~ T0%, - 0.54~ - 0.13
SBR D, meq*e 12.8~ 26.3 kgr kg,
2262047 2094042, Jin " 0.3%-~ 0. 828, EPS 32
7 ~ 119 mgeg . 4 ,
D, VALY
D (1.96 0. 06) ~ (2.44%0.04). ’
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