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Effect of Reaction Conditions of Pyrolysis on the Characteristics of Sludge Char
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Abstract — In this study, char was produced via pyrolysis of sewage sludge and the effects of reaction conditions(tem-
perature, heating rate, reaction time) on characteristics of char were investigated. As temperature increased from 300 °C
to 800 °C, the surface area of sludge char increased in general but decreased at 700 °C temporarily. The effect of heating
rate on specific surface area and pore volume of char was not large. Meanwhile, specific surface area and pore volume
increased with reaction time but average pore diameter decreased.
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Fig. 1. Schematic diagram of sewage sludge pyrolysis apparatus.

Table 1. Nomenclature of sludge char and activated char
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F-b fast pyrolysis - pyrolysis temperature
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Table 2. Proximate analysis results of dried sludge
(unit : wt%)
Moisture Volatile matter ~ Fixed carbon Ash
1 4.6 472 9.6 38.6
2 43 46.5 10.0 39.2
3 6.8 448 10.5 379
Mean. 5.2 46.2 10.0 38.6
Table 3. Ultimate analysis results of dried sludge
(unit : wt%)
C H ¢} N S
1 40.2 6.1 472 5.5 1.0
2 40.0 6.1 46.8 5.6 1.6
3 39.1 6.1 48.5 53 1.0
Mean. 39.7 6.1 475 5.5 1.2
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Fig. 2. Effect of pyrolysis temperature and heating rate on char yield.
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Fig. 3. Proximate analysis of the sludge char at different tempera-
tures and heating rate.
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Table 4. Characteristics of sludge char with pyrolysis temperature
(heating rate=5 °C/min)

Table 5. Proximate analysis of the sludge char at different heating rate
(pyrolysis temp.=500 °C)

Sample Specific Surface  Total pore volume Ave. pore (unit : wt%)
Name area (m%/g) (cm’/g) diameter (nm) Heating Rate  Moisture ~ Volatile Matter ~ Fixed Carbon ~ Ash
S-5-300 2 0.008 15.1 5 °C/min 2.1 12.7 11.9 73.3
S-5-400 7 0.014 8.2 10 °C/min 22 12.9 10.0 74.9
S-5-500 43 0.035 3.6 500 °C/min 1.5 15.0 82 753
S-5-600 50 0.043 3.0

S-5-700 46 0.039 32 QR Zoof U} ujo) Quj A Q) Adlo A PR L) =
S-5-800 49 0.045 3.1
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Table 6. Characteristics of sludge char with pyrolysis heating rate
(pyrolysis temp.=500 °C)

Sample  Specific Surface  Total Pore Volume Ave. Pore Diameter

Name Area (m?/g) (ecm®/g) (nm)
S-5-500 43 0.0349 3.635
S-10-500 44 0.0353 3.725

F-500 44 0.0380 3.906
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Fig. 6. Effect of pyrolysis time on char yield.

Table 7. Proximate analysis of the sludge char at different pyrolysis
time(heating rate=5 °C/min, pyrolysis temp. =500 °C)

(unit : wt%)
Pyrolysis Time (hr) Moisture Volatile Matter Fixed Carbon Ash
0.5 2.5 133 11.0 732
1 1.5 124 11.8 74.3
1.5 10.8 123 75.4
3 1.4 9.9 129 75.8

58.0%%%, fast pyrolysislA = 60.6%14 56.6%% 7k ot
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Table 8. Characteristics of sludge char with pyrolysis time for S-5-
500 sample (pyrolysis temp.=500 °C)

Pyrolysis  Specific Surface Total Pore Volume Ave. Pore Diameter
Time (hr) area (m?/g) (em’/g) (nm)

0.5 35 0.033 3.8

1.0 43 0.035 3.6

2.0 45 0.040 35

3.0 48 0.042 34

] x31e]l w2 char 54 #st 855

Table 9. Characteristics of sludge char with pyrolysis time for F-500
sample (pyrolysis temp.=500 °C)

Pyrolysis Time Specific Surface Total Pore Volume Ave. Pore Diameter

(hr) area (m?%/g) (em®/g) (nm)
0.5 38 0.036 4.0
1.0 44 0.038 39
2.0 47 0.041 3.8
3.0 49 0.043 3.6
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Fig. 7. Effect of reaction time on pore size distribution of sludge char
(pyrolysis temp.=500 °C).
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