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Abstract — Sewage sludge cake(SSC) is seriously concerned because ocean dumping, which is the cheapest treatment
method now, will be banned in 2012. On the basis of this reason, recycling of SSC is emphasized to convert the treat-
ment method. One of the method to recycling SSC could be carbonization process which also can be reduced green-
house gas effectively. And carbonization residue of SSC produced by carbonization process can become a renewable
energy source. However, carbonization process has not been evaluated by considering basic operating data such as heat-
ing value, yield and fuel ratio. In this study, the basic characteristics of SSC such as proximate analysis, elementary anal-
ysis and heating value are analyzed. In carbonization process, the effect of carbonization temperature and time on the
residue of SSC are estimated. And the analysis is carried out to obtain basic properties of the residue of SSC. From the
result of chemical composition of SSC residue, there is 27% of phosphate in SSC. Phosphate will take a role of reduc-
tant to convert from hazardous substance to non-hazardous material. As increased carbonization temperature and time,
heating value and yield are decreased but fuel ratio(fixed carbon/volatile combustible) of the residue is increased. In the
carbonization process, the optimum temperature and time in carbonization test for SSC can be decided by 250 °C and 15
min, respectively. However, the carbonization residue of SSC can not be deserved to use one of renewable energy
sources because the heating value at the optimum condition is relatively low. Hence, it is desirable that SSC can be
mixed with other organic waste to carbonize.
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Fig. 1. A schematic diagram of nucleophile reaction.
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Table 2. Element analysis of sewage sludge cake (SSC)
Element C H (¢} N S Ash
Content [%] 37.1 53 30.2 35 0.4 23.5

g Gas Out
N2
|:| [l Flow meter
Temperature & Regulator
Controler

Fig. 2. A schematic diagram of carbonization apparatus for sewage
sludge [17].
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Table 1. Proximate analysis of sewage sludge cake (SSC)

Sewage sludge

Type

Dry basis Wet basis
Prox Combustible matter 76.5 15.0
roximate
Analysis [%] a'sh 233 4.6
Moisture - 80.4
Bulk density [g/cm®] 0.653 0.932
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Table 3. Heating value (HV) of sewage sludge cake (SSC)
Type High HV Low HV
Heating Value [kcal/kg] 807.3 38.7
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Fig. 3. Thermogravimertric analysis (TGA) curves for sewage sludge
cake (SSC).
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Table 4. Proximate analysis of carbonization residue from sewage sludge cake (SSC) with carbonization temperature

Carbonization temperature [°C] Volatile combustible matter [%] Fixed carbon [%] Ash [%] Fuel ratio

250 28.14 33.33 35.53 1.29
300 17.00 42.20 40.80 248
350 10.00 44.00 46.00 4.40
400 8.00 41.60 50.40 5.20
450 7.20 40.80 52.00 5.67

Table 5. Proximate analysis of carbonization residue from sewage sludge cake (SSC) with carbonization time

Carbonization time [min] Volatile combustible matter [%] Fixed carbon [%] Ash [%] Fuel ratio

5 34.46 31.47 34.07 0.91
15 23.80 36.80 39.40 1.55
30 2191 38.05 40.04 1.74
60 17.00 42.20 40.80 2.48
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Fig. 4. Bulk density of carbonization residue from sewage sludge cake
with carbonization temperature.

Table 6. Element analysis for carbonization residue from sewage sludge
cake (SSC) with carbonization temperature [%]

Carbonization temp.  C H (0] N S Ash
250°C 40.16 395 1571 450 0.15 3553
300°C 39.66 321 11.73 447 0.13 40.80
350°C 3691 240 1054 4.02 0.13 46.00
400 °C 3444 177 937 3.89 0.3 5040
450°C 3418 147 860 374 0.01 52.00

Table 7. Element analysis for carbonization residue from sewage sludge
cake (SSC) with carbonization time [%]

Carbonization time ~ C H (0] N S Ash
5 min 3971 448 1631 526 0.17  34.07
10 min 37776 486 13.33 4.50 0.15 3940
30 min 4031  3.33 11.83 435 0.14  40.04
60 min 39.66 3.21 11.73 447 0.13  40.80
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Table 8. Chemical composition of carbonization residue for sewage sludge cake [%]

Composition Sio, P,05 AL O, MgO K,O

CaO TiO, MnO Fe,04 NiO ZnO Cu0 SUM

SSC residue 30.10 26.90 17.10 3.70 3.48

9.53

0.84 0.37 5.20 0.15 0.85 1.78 100
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Fig. 5. SEM pictures of carbonization residue from sewage sludge with carbonization temperature.
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Fig. 6. Heating value and yield for carbonization residue from SSC with
carbonization temperature.
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Fig. 7. Heating value and yield for carbonization residue from SSC
with carbonization time.
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