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Fig.1 Flow chart of circulating fluidized-bed incinerator system
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Table 1  Elemental analysis and industrial analysis of sludge and coal slime
" J 53 4/10 7 PoH/
Bk C H 0 N S Cl K YIS Ry W (K/Zkg)
i5ie 24.83 3.31 14. 39 4.47 1.13 1.33 97.95 44.58 42.74 5.39 768.5
JEe 62. 50 3.20 2.80 1. 60 2.20 1.41 22.32 50. 68 21.01 26.71 3178.0
R2 AREERELLRRERAZTKREESERESH
Table 2 Exchangeable heavy metals contents in bottom ash produced by co-combustion x107°
PR L Cd In Mn Pb Fe Ni Cr Cu
0 0. 048 5.390 9. 460 13.375 21.576 7.810 3.854 1. 801
10 :90 1.678 9.471 9.815 14. 286 77.525 5.211 4.588 3.429
20 :80 1. 780 10. 730 9. 868 14. 659 53.169 5.320 4.241 2.504
30:70 0. 048 8. 111 9. 641 15.735 52.555 4. 345 4. 830 3.104
40 : 60 2.390 8.514 9.176 14.576 18. 803 1. 421 3.983 1.171
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Table 3 Carbonate heavy metals contents in bottom ash produced by co-combustion x1077
Y B L Cd Zn Mn Ph Fe Ni Cr Cu
0 1. 949 7. 608 24.306 17. 640 53.589 1.421 4. 856 1. 026
10 :90 2.153 12. 796 9.773 12.961 45.361 4.345 4.386 2.479
20 : 80 1. 066 13.451 11. 040 30. 269 134.374 4.345 5.305 1.739
30:70 2. 629 13. 653 10. 175 17. 681 215. 001 9.218 4. 603 3.253
40 : 60 2. 663 9.824 10. 500 15.943 100. 731 5.852 4.448 1.598
*4 ARERRELBERERGEEUSESERENH
Table 4 Manganese oxidation state heavy metal contents in bottom ash produced by co-combustion x107°
PSR E Cd Zn Mn Pb Fe Ni Cr Cu
0 2.051 12. 091 56.245 51.428 24. 940 6.619 7.728 1. 893
10:90 1. 678 6.901 11. 683 17.474 69. 178 3.479 5. 744 2.346
20 :80 1. 440 8.313 10. 954 15.073 107. 710 6.078 5.228 3.130
30:70 1.576 10. 529 9.515 16. 108 45.408 3.370 4.169 2. 545
40 : 60 1.304 7. 405 9.121 13.789 22.114 3.588 4. 164 1. 175
*5 AEERERELBRERBUVREINSESEERESH
Table 5 Sulfuric and organic heavy metal contents in bottom ash produced by co-combustion x107°
Je i Cd Zn Mn Pb Fe Ni Cr Cu
0 1. 949 13.904 24.178 23.395 55.021 13.333 11.110 2.79%4
10 : 90 2.59% 14. 861 26.974 57.720 116. 714 7.160 33.034 42.780
20 :80 1. 678 9.421 11.230 16.936 67.020 9.218 5. 646 6.691
30:70 0. 829 13. 400 9. 885 31.783 82.355 4. 886 4. 685 4.351
40 : 60 1.203 6. 248 9. 585 13.873 52. 690 6.619 4.360 3.135
*6 AREERERELERERZRESECBRRESH
Table 6 Residual heavy metals contents in bottom ash produced by co-combustion x107°
Y B L Cd Zn Mn Ph Fe Ni Cr Cu
0 0.524 9.119 9.704 14. 245 75.901 2.721 14. 835 33.223
10 :90 2. 696 18. 288 16.335 24.265 25.101 5.320 19. 489 11.916
20 : 80 2.390 51.990 39. 461 63. 543 30. 760 12. 120 36. 659 70. 585
30:70 3.783 26.223 67.693 59. 889 22.809 21. 845 89. 658 61.038
40 : 60 3.478 9.925 11.228 19. 959 19. 298 9.109 26. 896 37.168
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Fig.2 Heavy metal speciation distribution

of bottom ash from sludge combustion
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of bottom ash with 10% of sludge to coal ratio
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Table 7 Heavy metal leaching amount of bottom ashes produced by co-combustion mg/L
TS LY Cd Zn Mn Pb Fe Ni Cr Cu
0 0. 009 745 0. 033 655 0. 056 755 0. 499 885 0. 056 16 0. 094 37 0.002 94 0. 0041 65
10 :90 0. 007 87 0. 029 62 0. 000 25 0.281 76 0. 033 06 0. 061 455 0.003 395 0. 004 645
20 : 80 0. 006 51 0. 045 54 0. 000 7 0. 266 69 0. 032 66 0.089 17 0.004 9 0. 004 005
30:70 0. 005 755 0. 038 69 0.000 115 0.254 4 0. 035 605 0. 069 25 0.002 07 0.000 9
40 : 60 0. 006 195 0.013 1 0. 000 805 0. 258 605 0.036 61 0.122 52 0. 003 455 0. 002 02
SCEk[ 14 ] FRAH 0.3 50 / 3 / 10 10 50
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Research on heavy metal toxicity of bottom ashes produced in
co-combustion of sludge and coal in fluidized beds
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Abstract The heavy metal speciation distribution and leaching toxicity are analyzed in bottom ashes produced by
co-combustion of sewage sludge and coal with different ratios. The results show that the biologically invalid portions,
namely sulfuric, organic and residual forms of heavy metal increase to maximum with the ratio of sewage sludge to
coal being 30% . Meanwhile , the leaching toxicity of heavy metal is least with the ratio of sewage sludge to coal be-
ing 30% . The conclusion of optimum ratio of sewage sludge to coal under our experiment condition is 30% , or in
other words, the 30% of sewage sludge to coal ratio in co-combustion can dispose of the sewage sludge effectively as
well as discharge least heavy metal toxicity to the environment.

Key words ratio of sewage sludge to coal ; co-combustion ; bottom ashes ;heavy metal speciation ;toxicity



