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Improvement of Municipal Sewage Sludge Dewaterability by Bioleaching: A

Pilot-Scale Study with a Continuous Plug Flow Reaction Model
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Abstract: A plug-flow bio—reactor of 700 L working volume for sludge bioleaching was used in this study. The reactor was operationally
divided into six sections along the direction of the sludge movement. Ten duration of continuous operation of sludge bioleaching with
Acidibacillus spp. and 1.2 m’*h ™" aeration amount was conducted. In this system sludge retention time was 2.5 d and the added
amount of microbial nutritional substance was 4 g*L~'. During sludge bioleaching the dynamic changes of pH dewaterability( specific
resistance to filtration SRF) of sewage sludge in different sections the moisture content and moisture evaporation rate of dewatered
bioleached sludge cake obtained by chamber filter press were investigated. The results showed that the SRF of sludge significantly
decreased from initial 1. 50 x 10" mekg ™" to the final 0. 34 x 10" m*kg~'. The wasted bioleached sludge was collected and dewatered
by chamber filter press under the following pressures as 0. 3 MPa for 4 h( 2 h for feeding sludge 2 h for holding pressure) 3 h(1.5 h
for feeding sludge 1.5 h for holding pressure) 2 h( 1 h for feeding sludge 1 h for holding pressure) and 1 h( 0.5 h for feeding
sludge 0.5 h for holding pressure) . Correspondingly the moisture of dewatered sludge was reduced to 57.9% 59.2% 59.6%
and 63. 4% of initial moisture respectively. Moreover the moisture content of bioleached sludge cake was reduced to about 45% and
less than 10% if the cake was placed at 25°C for 15 h and 96 h respectively. Obviously sludge bioleaching followed by sludge
dewatering using chamber filter press is a promising attractive approach for sludge half-dryness treatment in engineering application.
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Fig. 1  Configuration sketch map of the sludge flow in 700 L bioleaching system and the picture of reactor
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Fig.3 Changes of sludge SRF value with time in the different sections of plug-flow bioleaching reactor
pH 1
. 1 2.3
Oh  0.34x10%mekg"’
12h  0.84 x10"mekg . 12 h 2oy
1 (240 h)
36 ~84 h 12 o
1 2 36 h 0.61
x10"mekg™"  0.53 x10”"m+kg™' 84 h  0.53 x ]
5
10"mekg™"  0.49 x 10" mekg™' 0.40 x
X
10" mekg "' 132 h | ~4 3
T st
13 -1 E
0.40 x10 "me<kg B
5-6 . sl
204 h 1 ~4
10.93 x 10", 0.85 x 10", 0.84 x 10" 0.51 x [ ]
13 13 13 -1 40
107, 0.34 x 10 0.41 x10 "m*kg ™. 1 2 3 4 5 6
X%
4
132 h Fig.4 Sludge settlement efficiency in different regions
when the leaching system reached stable phase
pH (144 h)

4



10 2997
. 96 h 9% 3
30% (1 ) h 96 h 9% . 2 h
42 % 4 98 h 10% . 1 h
56% ~57% . 95 h 9% .
2.4 14 25
11
0.3 MPa MJ/kg 2930 kJ
4 h( 2 h 2 h) . 3 h( 60% 2 637 kJ
1.5h 1.5 h) . 2 h( 1h 1 h) 1h 45% 4743 kJ
( 0.5 h 0.5 h) 10% 9628 kJ.
100% 57.9% - 25C 15
59.2% ~ 59.6% 63.4% . h 96 h
1.8 3.6
15 e¢m 25°C
5. 25C 3 ~4d.
5
ffFE:0.5h
25C

100

5 (25C)
Fig.5 Moisture evaporation of dewatered sludge

cake for different press time (25°C)

5

25C 15 h

45% . 4 h
15 h 44% 3h
17 h 45% . 2 h
14 h 42% . 1 h
21 h 44% .

48 h
20% ~ 21% ~ 18%  10% .

25C 96 h

10% . 4

4% ( 4 h) .
7% ( 3h) . 9% 2h) 9% 1h).

60%
3
(1) 700 L
1.2 m’*h™'
HRT 2.5d 4 gL
6 d
1.50 x 10”mekg "' 0.34 x10"me*kg '.

(2)
25°C



2998 32
15 h 45% 96 h Journal 2009 155(1-2): 88-93.
10% B
I 2008 28( 10) :2012-2017.
1 ] 14
2010 28(4): 52-55. I 2009
2 ChengHF XuWP LiuJL e al. Application of composted 29(5) 1974979
sewage sludge ( CSS) as a soil amendment for turfgrass growth 15
J . Ecological Engineering 2007 29(1): 96-104. I 2004 24(6) : 1014-1020.
3 Lin C Wu C H Ho H M. Recovery of municipal waste 16
incineration bottom ash and water treatment sludge to water I 2011 32
permeable pavement materials J . Waste Management 2006 (7) :2023-2029.
26(9) :970-978. 17
4 Neyensn E  Baeyens J. A review of thermal sludge pre-treatment I 2004 25(1) :62-66.
processes to improve dewaterability J Journal of Hazardous 18 M-
Materials 2003 98( 1-3) : 51-67. 2007. 120-178.
5 19 Alam M Z Razi A F. Enhanced settleability and dewaterability
J . 2006 16 (2) : 28-32. of fungal treated domestic wastewater sludge by liquid state
6 Turchiuli C Fargues C. Influence of structural properties of alum bioconversion process J Water Research 2003 37(5):
and ferric flocs on sludge dewaterability J Chemical 1118-1124.
Engineering Journal 2004 103(1-3) : 123-131. 20 Feng X Deng J] C Lei H'Y et al. Dewaterability of waste
7 Deneux-Mustin S Lartiges B S  Villemin G et al. Ferric activated sludge with ultrasound conditioning J . Bioresource
chloride and lime conditioning of activated sludges: an electron Technology 2009 100(3) : 1074-1081.
microscopic study on. resin-embedded samples ] Water 21
Research 2001 35(12): 3018-3024. J. 2006 26(1):67-71.
8 22 Li DJ HsuY H. Fast freeze / thaw treatment on floc formation
] . 2003 22(7) :499-503. in sludge conditioning with polymers ] Water Science and
9 7. Technology 1994 28(8) :1222-1449.
2009 28(1):51-53. 23 Yu X Somasundaran P. Role of polymer conformation in
10 Shao L M Wang G H Xu H C et al. Effects of ultrasonic interparticle-bridging dominated flocculation ] Journal of
pretreatment on sludge dewaterability and extracellular polymeric Colloid and Interface Science 1996 177(2) :283-287.
substances distribution in mesophilic anaerobic digestion J 24 Chen G W Chang I L. Hung W T et al. Regimes for zone
Journal of Environmental Sciences 2010 22(3): 474-480. settling of waste activated sludges J . Water Research 1996
11 30( 8) : 1844-1850.
I 2006 28(10) :2012-2017. 25
12 YuQ Lei HY Yu G W e al. Influence of microwave pH  ORP I 2008 28(6):
irradiation on sludge dewaterability J Chemical Engineering 1155-1160.



