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TG-FTIR analysis on combustion characteristics of tannery sludge
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Abstract: The combustion and emission characteristics of tannery sludge at different heating rates were
investigated by using thermogravimetric analysis-Fourier transform infrared spectrometer (TG-FTIR) . It
was found that the original tannery sludge contained high contents of volatile mater and ash while low
content of fixed carbon, and had a low calorific value. The combustion of combustible matter in tannery
sludge almost finished before 800°C. The Ozawa method was used to analyze the activation energy of
tannery sludge combustion, and it was found that the activation energy in the tannery sludge combustion
process increased with the extent of combustion reaction. The combustion of volatile matter in tannery
sludge followed the three-dimensional diffusion model and Z-1-T equation was the most probable kinetic
function, and the combustion of fixed carbon followed the self-catalyzed reaction and P-T equation was

the most probable kinetic function. It was found that kinetic compensation relationship existed between
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combustion activation energy and pre-exponential factor at different heating rates. Some organic gaseous

product emitted at the low temperature stage during tannery combustion.
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Table 1 Proximate analysis and ultimate analysis of sample

Approximate analysis/ %

Ultimate analysis/ %

M.a A Vaa FCu Qu.aa/kJ « kg™!

Cua Haa Nug St.ad Oua

0.14 47.56 42. 45 9. 85 8.52

25.08 3.02 1.27 0. 26 22.67
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Fig. 1 TG curves of tannery sludge
at different heating rate
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Fig. 2 DTG curves of tannery sludge

at different heating rate
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Table 2 Characteristic parameters of

tannery sludge combustion

da T da e
). B _— < de )m;lxl I/mjd < de >mﬂx2 If?;'xz Y‘:f
/C + min /% + min"! /C /% ¢ min! /c /%
10 —1.576 300 —3.571 715 53.21
30 —4.733 338 —9.319 751 52.81
50 —38.691 330 —14. 449 785 53.65
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Table 3 Activation energy at different extent

of tannery sludge combustion

a E a E

/% /kJ *+ mol ! " /% /kJ *+ mol ! g
0.1 104. 96 1. 000f 0.5 264. 80 0. 965
0.15 131.05 1. 000{| 0. 55 243.51 0. 998
0.2 142.79 1. 000 0.6 213.76 0.996
0. 25 161. 45 0.995| 0. 65 209. 70 0.991
0.3 178.61 0.995| 0.7 203. 25 0. 990
0. 35 177. 21 0.997| 0. 75 201. 27 0.990
0.4 163. 46 0.983| 0.8 198. 95 0. 989
0.45 203.51 0. 985
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Table 4 The most probable kinetic function of

tannery sludge combustion

Reaction Reaction

Function . G(a)
stages mechanism
o T . - ;
combustion  Z-L-T three-dimensional [A—a)-T—17°
of volatile diffusion
combustion of  P-T self-catalyzed | < a )
fixed carbon reaction "1—a

x5 HESRBREDNNESH
Table S Kinetic parameters in tannery

sludge combustion

B Temperature

/C ¢« min~! range/ C E A d
10 195—380 87.00 2.54X108 —0.994
610—740 173.52 7.93X 101 —0.992
30 195—410 111. 04 1. 34X 10" —0.985
610—780 154. 81 3.80X 101 —0.987
50 195—410 104. 52 2.91X10° —0.993
610—830 133. 20 1. 88X 10° —0.976
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Fig. 3 Gram-Schmidt curve of tannery sludge

combustion at different heating rate
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