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Abstract

treat wastewater sludge. The aim of this work is to investigate the effect of pyrolysis temperature and duration on

Conversion of sludge to biochar through pyrolysis is one of the environmental friendly ways to

production of wastewater sludge biochar and evaluate the properties required for agronomic applications.
Wastewater sludge collected from a sewage treatment plant in Xiamen was pyrolysed in laboratory scale reactor.
The result showed that by increasing the pyrolysis temperature (over the range from 300°C to 700°C ) or duration
(over the range from 2 hours to 4 hours) the yield of biochar decreased. Biochar produced at low temperature
was acid while at high temperature it was alkaline. The concentration of nitrogen in biochar was found to decrease
whereas P, K and micronutrients increased with the increasing pyrolysis temperature or duration. The result of
DTPA extraction showed that the high temperature pyrolysis reduced bioavalability of trace elements.
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Fig. 1  Yield of biochar at different pyrolysis temperatures
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Fig. 2 Yield of biochar at different pyrolysis times
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Fig.3  FTIR spectra of sludge and biochar

prepared at different pyrolysis temperatures
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Fig. 4 FTIR spectra of sludge and biochar

prepared at different pyrolysis times
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Table 1 Properties of biochar prepared under different pyrolysis conditions

P45 e Yk
P A5
300C -4h  400C -4h  500C-4h  700C-4h  500C-3h 500°C -2 h

TIKFE(%) 77.63 6.33 0.16 0.98 0.59 0. 15 0.16
PERIT (%) 66. 08 58.36 24.62 23.68 20.77 25.09 25.33
WSy (%) 34.55 38.82 76. 48 77.31 79. 42 76. 57 76. 47
C (%) 34.89 29.90 15. 09 15.38 16. 11 16. 00 16. 08
C/N 8.93 7.78 8.06 9. 04 12.97 8.43 8.06

pH 6. 89 6. 84 6.78 6. 87 8.28 7.09 7.14

H1L 5% (mS/cm) — 5.66 4.37 3.78 3.70 3.17 5.02
NH;-N (mg/kg) 137. 64 127. 66 70. 46 45.78 13.74 23.86 24. 00

NO;-N (mg/kg) 2.42 1.33 — — — _ _
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Fig.5 N, P and K content of sludge and biochar

prepared at different pyrolysis temperatures
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Fig. 6 N, P and K content of sludge and biochar

prepared at different pyrolysis times
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Table 2 RE factors and trace element contents of biochar prepared under different pyrolysis conditions (mg/kg)
FAE x5 e A= Wyt :
300C -4 h 400C -4 h 500C -4 h 700C -4 h 500C -3 h 500C -2 h
Mg e 1272.97 1213.56 1 459. 84 1482.35 1 503. 63 1 452. 65 1 571. 56
RE 0. 80 0.53 0.52 0.52 0.55 0. 62
Ni e 21.93 20. 82 30. 31 30. 26 28.56 31.76 34. 67
RE 0. 80 0. 64 0. 61 0.58 0.70 0. 80
Cu e 110. 62 109. 62 151. 60 152. 08 163. 50 158. 45 176. 50
RE 0. 84 0.63 0.61 0. 65 0. 69 0. 81
Mo e 10. 15 10.75 20. 34 20. 46 20. 58 20. 35 20. 38
RE 0. 89 0.93 0. 89 0.90 0.97 1.02
In 1353 567. 88 401. 86 440. 25 450. 55 444. 47 461. 61 477.78
RE 0. 60 0. 36 0.35 0.35 0.39 0.43
Mn W 477.93 482.27 673.27 684. 56 657.21 709. 51 788. 14
RE 0.85 0.65 0. 64 0. 61 0.72 0.83
Fe W 14 336.73 13 853. 30 16 163. 19 16 466. 91 16 264. 19 16 712.98 17 406. 78
RE 0.82 0.52 0.51 0.50 0. 56 0.61
cd e 2.25 2.25 4.29 4.34 3.51 4.30 4.36
RE 0.85 0. 88 0. 86 0.69 0.93 0.98
b s 34.95 35.54 70.71 77.13 76. 65 66. 25 71. 09
RE 0. 86 0.94 0.98 0.97 0.92 1.03
As ez 2.92 2.75 0. 81 1.07 0.92 0.76 0.82
RE 0.79 0.13 0.16 0.14 0.13 0.14
. {3} 3 33.61 33.74 37.59 47.10 35.00 39. 62 39.98
RE 0. 85 0.52 0.62 0. 46 0.57 0. 60
£3 FEAMBEEEYH DTPA RIRMETESER RE )
Table 3 RE factors and DTPA available trace element contents in biochar prepared under
different pyrolysis conditions (mg/kg)
FATR : : ?E'Jé%wv)%’ét%ﬁ&‘ : :
300C -4 h 400C -4 h 500C -4 h 700C -4 h 500C -3 h 500C -2 h
Mn e g 160. 26 56. 55 58.91 49. 02 10. 25 62. 11 67.94
RE 0.30 0.17 0.14 0.03 0.19 0.21
Fo s 3 528.21 2 944. 16 1 426. 81 1 304. 82 881.37 1 403. 38 1651.17
RE 0.70 0.19 0.16 0.11 0.19 0.24
Cu W 39.00 1.74 9.38 15. 56 21. 46 9.15 11. 14
RE 0.04 0.11 0.18 0.24 0.11 0.14
In W 110. 05 84.19 70. 07 64. 96 1.21 65. 00 75.19
RE 0.65 0.29 0.26 0. 00 0.29 0.35
cd W 0.32 0. 05 0.16 0.28 0. 06 0.15 0.17
RE 0.15 0.24 0. 40 0.08 0.23 0.28
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