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Table 1 Proximate analysis of sludge and Shixiajiang lignite

Proximate analysis(ad) w/%
M.d Aad Vad FCu  FCaf  Vaat
Sludge 7.33 35.19 53.34 4.14 7.20 92.80
Shixiajiang lignite 2.70 17.69 33.14 46.47 56.37 41.63
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Table 2 Oxide content of sludge ash and Shixiajiang lignite ash

Oxide content w/ %

Sample - -
SlOz Alz O'; Pz 05 Fez O'; CaO SO'; Kz (6] TlOz Vz 05 ZrOz
Sludge ash 40. 97 24. 44 12.03 9.42 5.19 3.15 2.66 1. 04 0.05 —
Shixiajiang lignite ash 54. 46 31.76 — 3.32 3.55 4,32 0.63 1. 46 0.13 0.08
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Fig.1 SEM photographs of the ash of sludge, Shixiajiang lignite and their blends
a—Sludge ash;b—S9C1 ash;c—S7C3 ash;d—S5C5 ash;e—S3C7 ash; {—S1C9 ash; g—Shixiajiang lignite ash
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Fig.2 TG-DTG curves of sludge and Shixiajiang lignite
at heating rate of 10 ‘C/min
a—Sludge ; b—Shixiajiang lignite
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Table 3 Combustion performance parameters of samples at different heating rates

o ATV

('C * min~1) C C (mg * min~1) C (mgemin"!+C7%2) (mgemin'!sC 2% (mgemin?!esCT3)
10 177.84 516.67 0.27 274. 89 8. 41 3.06 1.23
Sludge 20 182.57 570.45 0.48 284,74 14. 34 4.59 1. 85
30 211.01 614.23 0. 90 292. 87 20.15 6.92 1.67
Shixiajiang 10 408.12 661.10 0.41 500. 32 2.44 1. 55 1.37
L 20 380.81 778.39 0.55 511. 44 3.81 1. 87 2.02
lignite 30 378.04  978.20 0. 62 516. 82 4.32 1.67 1.68
10 383.47 637.46 0.39 501.91 2.67 1. 63 1.22
S1C9 20 388.53 731.70 0.50 516. 50 3.30 1.75 1.58
30 375.83 979.37 0. 59 527.89 4.14 1.59 1. 38
10 404.61 646.87 0. 39 500. 94 2.39 1. 49 1.22
S3C7 20 383.65 816.59 0.51 517.69 3. 46 1. 63 2.38
30 400.58 1017.27 0.59 533.35 3.67 1. 45 5.42
10 325.55 599.70 0. 30 520. 57 2.87 1. 56 1.19
S5C5 20 264.79 701.01 0. 37 489.73 5.23 1.98 5.07
30 191.56 801.96 0.48 298. 36 13.03 3.11 10. 49
10 265.92 578.01 0.24 537.48 3.37 1. 55 1.98
S7C3 20 187.69 653.13 0.42 286. 40 11.92 3.43 8.45
30 182.26 723.46 0. 66 293. 81 19.99 5.09 13.35
10 186.93 558.98 0.24 280. 88 6. 95 2.33 3.02
S9C1 20 175.97 599.94 0.53 284. 60 17.21 5.05 7.65
30 196.55 640. 29 0. 82 292.10 21. 30 6. 54 14.68
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Table 4 Thermodynamic parameters of different samples at heating rate of 30 ‘C/min

Low temperature range

High temperature range

Sample Fitting equation R A/min ! E/(kJ - mol 1) Fitting equation R A/min ! E/(kJ~mol 1)
Sludge y——3 253.62—7.90 0.996 2  35.83 27. 05 y——4631.52—8.605  0.9954  25.45 38.51
Shl‘i";’izng - - - - y=—4518.32—8.768  0.9936  21.10 37.57
S1C9 - — — — y=—4 486.5z—8.996  0.9922  16.68 37.30
S3C7 - - - - y=—2106.5z—11.026 0.9890  1.03 17.51
S5C5  y=—2434.1z—10.11 0.9945  2.97 20. 24 y=—1650.1z—11.221 0.9995  0.66 13.72
S7C3  y=—2376.5z—9.76 0.9934  4.13 19.76 y=—2039.8z—10.321 0.9925  2.02 16. 96
S9C1  y=—3023.72—8.35 0.9949 21.53 25.14 y=—2643.6z—9.467  0.9738  6.13 21.98
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Co-combustion Kinetics and Synergistic Characteristics of Sewage
Sludge and Shixiajiang Lignite

RUAN Min' ZENG Zhihao' TAYIER Zulihumaer' SUN Yutong' WU Xikai'
XU Huifang' ZHANG Wei' CHEN Donglin' YAN Xiaozhong' HUANG Jing’
(1. School of Energy and Power Engineering , Changsha University of Science and Technology ,
410114 Changsha, China; 2. State Key Laboratory of Utilization of Woody Oil Resource,
Hu’nan Academy of Forestry, 410004 Changsha, China)

ABSTRACT The combustion behavior between sludge from a sewage treatment plant in
Changsha city, Shixiajiang lignite and their blends were studied by thermogravimetric analyzer,
and their ash properties were analyzed by scanning electron microscope and X-ray fluorescence
spectrometer. The results show that the fixed carbon of Shixijiang lignite accounts for a large
proportion, while the proportion of volatile matter in sewage sludge is the largest. In addition,
the surface structure of Shixiajiang lignite ash and sludge ash is quite different, and there is no
melting phenomenon among particles in the ashes of blends. When the mass fraction of sewage
sludge in the blends is less than 30 %, the combustion characteristics are similar to that of lignite.
As the mass fraction of sewage sludge in the blends increases from 10% to 90%, the ignition
temperature decreases from 383.47 ‘C to 186.93 ‘C, and the burnout temperature decreases from
637.46 C to 558. 98 C when the heating rate is 10 ‘C/min, which agrees with the combustion in-
dex. Coats-Redfern method was applied to evaluate the combustion processes. It find that activa-
tion energy does not simply reduce as the increase of sewage sludge in blends. In the high temper-
ature range, the activation energy of blends decreases significantly, which proves the change of
combustion characteristic parameters, and sewage sludge shows a positive synergism with Shixia-
jiang lignite.

KEYWORDS sewage sludge, Shixiajiang lignite, co-combustion, synergy features, Coats-
Redfern method
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