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Study on the Low Temperature Drying of Components of Municipal Solid Waste

and Its Model Analysis
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( State Key Laboratory of Clean Energy Utilization Institute for Thermal Power Engineering Zhejiang University Hangzhou 310027
China)

Abstract: The drying behaviors of four typical municipal solid waste ( MSW) components ( including waste paper textile pericarp
and wood) were studied under low temperature. Effects of temperature on drying characteristic thin layer drying models effective
moisture diffusion coefficient and activation energy were investigated in this paper. Experimental results showed that with increasing
temperature the drying rate increased but the added value reduced gradually. Four mathematical models were used to simulate drying
curves of MSW components. Modified Page model was found to give better predictions when moisture content was more than 25% .
Based on the Ficks second law the effective moisture diffusion coefficient for waste paper textile pericarp and wood were 8. 24 x
1072367 x10™° 7.73x10°-12.56 x 10 * 3.57 x 10 *~14.18 x 10 * and 6. 51 x 10 °-23.84 x 10 "m’+s~'. The activation
energy determined through Arrhenius equation were 25.26 10.75 32.16 and 29.49 kJ*mol ™' respectively. Carried on the similar
dry experiments to practical MSW It was found that Modified Page model was also suitable for simulating the drying process of practical
MSW its effective moisture diffusion coefficient and activation energy were 6.78 x 10 *~18. 65 x 10 *m’+s ™" and 22. 36 kJ*mol '
respectively.
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Fig. 1 Experimental equipments of low temperature drying
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Fig. 2 Moisture content curves of MSW matrix at different temperatures
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Table 1  Thindayer drying curve models considered
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Lewis ° MR =exp( - kt) In MR = -kt
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N Table 2 Fitting results obtained from thindayer models of waste paper
R X2
40 0.9014 0. 004 575
50 0.8979 0.007 821
1 Lewis 60 0.8633 0.001 141
70 0.894 6 0.001 851
80 0.8523 0.001 951
. 40 0.9113 0. 006 843
Lewis 50 0.9147 0.001 256
Henderson and Pabies 60 0.907 1 0. 005 271
70 0.890 8 0. 000 847
80 0.8854 0. 006 672
40 0.997 1 0. 000 188
50 0.998 1 0. 000 198
Henderson and Pabies Page 60 09904 0-004 537
70 0.990 6 0. 005 775
N 80 0.988 7 0. 000 494
40 0.9973 0.000 174
50 0.998 8 0.003 761
. Modified Page 60 0.9919 0. 000 793
Henderson and Pabis 70 0.990 1 0. 000 496
80 0.9873 0.001 394
Page Lewis
N 4 4 MR Modified Page
MR . 4
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Table 3 Values of effective moisture diffusion coefficients

for MSW matrix at different temperatures

/°C Dy x1078 /m?es ! R?
40 8.24 0.982
50 11.76 0.981
60 19.13 0.981
70 20. 98 0.975
80 23.67 0.992
40 7.73 0. 984
50 9.93 0. 968
60 10. 86 0. 982
70 11.53 0.991
80 12. 56 0. 987
40 3.57 0.991
50 6.28 0.995
60 9.62 0.973
70 12.78 0. 967
80 14.18 0.984
40 6.51 0. 989
50 9.89 0.954
60 11.48 0.978
70 18.31 0. 959
80 23.84 0. 949
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Table 4  Kinetics parameters of four MSW matrix
E, /kJ*mol ™! 25.26 10.75 32. 16 29.49
Dy/m?+s”! 1.43 x10 3 5.13x107° 9.47 x10 ? 5.46 x10 7}
R? 0.939 0. 898 0. 937 0.975
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Fig. 7 Relationship between experimentally determined

and Modified Page model predicted moisture ratio values

of practical MSW at different temperatures

Fig. 6 Moisture content curves of practical MSW 3
at different temperatures ( 1) 40°C 80°C 4
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Table 5 Values of effective moisture diffusion coefficients N
for practical MSW at different temperatures N
/°C Dy x1078 /m?es ™! R
40 6.78 0. 986 ( 5)
50 10. 85 0.991
60 12.87 0.982
70 16. 09 0.988 Modified Page
80 18. 65 0.975 22.36 kJemol ™.
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