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A Study for Drying of Sewage Sludge through Immersion Frying Using Used Oil
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Department of Environmental Engineering, Chungnam National University
*Department of Environmental Engineering, Hanbat National University

ABSTRACT : Considering the severe regulation associated with sludge treatment such as direct landfill and ocean dumping, there is
no doubt in that an advanced study for the proper treatment of sludge is urgently needed in near feature. As one of viable method
for sludge treatment, fry-drying of sludge by waste oil has been investigated in this study. The fundamental mechanism of this drying method
lies in the phenomenon of rapid moisture escape in the sludge pore toward oil media. This is caused by the severe pressure gradient
formed by the rapid oil heating between sludge and oil. As part of research effort of fry-drying using waste oil, a series of basic study
has been made experimentally to obtain typical drying curves as function of important parameters such as drying temperature, drying
time, oil type and geometrical shape of sludge formed. Based on this study, a number of useful conclusion can be drawn as following.
The fry-drying method by oil immersion was found quite effective in the removal efficiency of sludge moisture, in general, the moisture
content decreases significantly after 10 minutes and the whole moisture content was less than 5% after 14 minutes regardless of the
drying temperature. The increase of oil temperature up to 140°C favors significantly for the removal of moisture but there was no
visible difference above 140C. As expected, the decrease of diameter in sludge was efficient in drying due to the increased surface
area per unit volume. Further, the effect of oil property by the change of oil type was noted. To be specific, for the case of engine oil
the efficiency was found to be remarkably delayed in moisture evaporation compared with that of vegetable oil due to the increased
viscosity of engine oil. It produced a result of increasing the evaporation of moisture largely relatively high in the drying temperature
over 140°C compared with the drying temperature 120°C drying temperature as the drying time passed. Accordingly, the drying tem-
perature is considered desirable as keeping over 140°C regardless of a sort of used oil.
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Fig. 1. Schematic diagram of the mass composition change
from dewatered to fry-dried sludge.
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Fig. 2. Experimental set-up.
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Table 1. Ultimate analysis of dehydrated sewage sludge

Table 2. The analysis of heavy metal of sewage sludge

As Cd Cu Pb Hg Cr cCf

before o2 | 86 45453 15433 ND 7050 721 CO™°

fry-drying (mg/kg)
after 3¢5 131 303.81 10901 ND 5221 523  C°N°
fry-drying (mg/kg)

. _[Element] Low calorific
Location (Wi, %) C |H|O|N]|S |Ash|Water value (keal/kg)”
Wet | 5.92 |0.842.93/0.86/0.21|10.24| 79 127.14

Daejonl)

Base |45.24(8.52{13.92.470.58|124.56| 4.73 5512.04

! analyzed in August, 2007, ? calculated from Dulong formula
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(a) before fry-drying

Fig. 3. Experimental result.
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Fig. 4. Moisture content(%) with fry-drying time.
(T=1207C, sludge amount = 10 g, oil: used cooking oil)

Gl
' & Wissad al
) 5 i ] s Y
= L ' s engine il
f e " a
fn| 8 4
P om
E: ' .
n .
o L. *
4 G & o i2 4 14
Frying time (mim}

Fig. 5. Moisture content(%) with oil type.
(T=120C, sludge amount=10 g)
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Fig. 6. Moisture content(%) with frying temp.
(sludge amount=10 g, oil : used cooking oil)
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Fig. 7. Moisture content(%) with frying temp.
(sludge amount=10 g, oil : used engine oil)
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Fig. 8. Moisture content(%) with amount of sludge.
(T=1207, oil type : used cooking oil)

Fig. 9. Geometry of sludge.
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Fig. 10. Moisture content(%) with sludge diameter.
(T=1207C, oil type : used cooking oil)
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(T=1207C, oil type: used engine oil)
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