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Thermogravimetric characteristics and Kinetic analysis of
copyrolysis of sewage sludge and coal

Chang Fengmin' > Wang Qibao' Wang Kaijun®
(1. Department of Chemical and Environmental Engineering China University of Mining and Technology Beijing 100083 China;
2. State Key Joint Laboratory of Environment Simulation and Pollution Control School of Environment Tsinghua University Beijing 100084 China)

Abstract Co-pyrolysis of sewage sludge and coal was investigated using a thermogravimetric analyser in
terms of its thermogravimetric characteristics and kinetic parameters. The results showed that the heating rate had
little influence on sewage sludge pyrolysis. The final temperature of sludge/coal co-pyrolysis should coincide with
coal. It was also found that less than 50% coal addition could increase the yield of volatile components. The
mixture of sewage sludge and coal was decomposed more easily than single substance and an obvious synergistic
effect was observed during the sludge/coal co-pyrolysis. Besides empirical kinetic equations for sludge/coal co-
pyrolysis with different mixture ratios were established and verified at main pyrolysis temperature regions. A rea—
sonable fit to the experimental data was obtained for both kinetic parameters and TG curves. Results from this
comprehensive investigation will provide theoretical support for further research and engineering application of
sludge /coal co-pyrolysis in the future.
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Table 1 Primary analysis and ultimate analysis of samples
(%) (%)
M, A V., FC,, c H 0 N S (MJ7ke)
5.54 28.22 61.20 5.04 38.02 4.97 16.56 5.75 0.94 14.83
8.08 8.98 31.79 51.19 68. 10 2.77 10.76 0.79 0.52 23.18
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Table 2 3 Pyrolytic Kinetic parameters of sludge under different heating rates
/Y=aX+b
(°C /min) (r) (R*) (kJ/mol) (min~")
10 Y=-4896.3X-4.280 2.5 0.9961 40.71 677.81
20 Y= -4906.6X -4.1515 2.5 0.9947 41.24 1561.50
40 Y=-7622.7X +0.1838 2.5 0.9989 63.38 366 459.12
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Table 3 Fitting results of pyrolytic Kinetics equation of sludge with coal
() n R? E(kJ/mol) A(min~")
200 ~350 Y= -3347.3X -7. 4861 1 0. 9969 27.83 18.77
350 ~450 Y= -1189.8X -1096. 3 1 0.9917 9.89 0.21
200 ~350 Y= -2211.1X -9. 5094 1 0.9933 18. 38 1.64
30% ~70%
( ) 350 ~450 Y= -954. 13X -11.525 1 0.9991 7.93 0. 095
450 ~ 600 Y= -3074.9X -6.842 3 0.9924 25.56 32.83
200 ~350 Y= -1747.4X - 10. 464 1 0. 9886 14. 53 0.5
50% ~50%
( ) 350 ~450 Y =1089.7X -11.522 1 0.9910 9. 06 0.11
450 ~ 600 Y= -3444.7X - 6. 8059 3 0.9951 28. 64 38. 14
200 ~350 Y= -1254.20X - 11. 546 1 0.9798 10. 43 0.12
70% ~30%
( ) 350 ~450 Y= -1405.20X -11. 313 1 0.97738 11.68 0.17
450 ~ 600 Y =3851.4X -6.7584 3 0. 9968 32.02 8. 14
350 ~450 Y= -3278.1X -8.3128 3 0.9382 27.25 8.04
450 ~ =600 Y= -4084.5X -7. 0235 3 0.9967 33.96 36. 38
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Table 4 Empirical equations of different blends ratios
©)
200 ~350 Y=-(-2892.3 xa% +2933. 7)LT - (5.0915a% +17.9607)
350 ~450 Y= - (1127.7 xa% +619. 17)LT - (0.53 xa% +11.685)
450 ~600 Y= - (1450.9 x a% +2632. 1)17 - ( -0.209 xa% +6.9049)
ta% B
5 60% ~40%
Table 5 Comparison of empirical and experiment equation of 60 % ~40% sludge-coal
(c) E(kJ/mol) A(min ")
Y= -1976. 78X -9.9973 16. 43 0.90
200 ~350
Y= -2113.9X-9.7932 17.57 1. 18
Y= -1070.25X - 11. 473 8.9 0.11
350 ~450
Y= -1076.2X -11. 4550 8.95 0.11
Y= -3212.46X - 6. 8213 26.71 35.03
450 ~600
Y= -3205.5X -6.9258 26. 65 31.48
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Fig.4  Comparison of empirical and experiment -
TG curves of 60% ~40% sludge-coal
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Y= - (1127.7 xa% +619.17)

IT—(0.53 xa% +

11.685)

450 ~600°C

Y= - (1450.9 x % +2632. 1)17- ( -0.209 x a%

+6.9049)
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