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Abstract: Coal samples from coal-fired power plants and ‘
Simultaneous thermal

sludge samples from domestic sewage treatment plant were analysis
collected in Linhuan Industrial Park in Huaibei, Anhui M e 1
Province. The co-combustion experiments of coal and Coal : -:

sludge under different mixing ratios were carried out by Physic»c;emic;l Vi
thermogravimetric analysis (TGA). The kinetics analysis Ch““tei”“":s LTI
of the mainly weightlessness stage of fuel was studied by o

five reaction kinetics models, and the combustion * M :-_:_'-

characteristics of coal and sludge were revealed. Results = Municipal sludge

showed that the coal sample had one weight loss peak at ( 4( : azs ( ) G_
the temperature of 529 ‘C while sludge had three ones at : -7

Vario macro cuber

the temperature of 140, 293 and 430 °C, indicated that the
combustion process of sludge was divided into three stages of weightlessness while coal only had one stage of
weightlessness. The flammability index and combustion characteristics index of coal were 11.36x10° mg/(K 2-min) and
47.16x107'% K*>-min2. Compared with coal, the flammability index and combustion characteristics index of sludge
were lower, 10.74x10°° mg/(K?-min) and 13.04x107!° K3-min 2, respectively. The combustion characteristics of the
reaction was increased by adding sludge to coal, and the mixing ratio was preferably 90 (coal): 10 (sludge). As the
heating rate increases, the weight loss of coal and sludge decreases, and the burning weight loss rate increases. The
DTG curves of all samples were shifted to the high temperature side, resulting in thermal hysteresis. During the fixed
carbon burnout phase, the activation energy of the blended fuel was between the two kinds of raw materials, and
decreased with the addition of sludge, which proved that the addition of sludge can effectively improve the reactivity
of coal and promote its combustion process.
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Table 1 Proximate analysis and ultimate analysis of samples
Sample Proximate analysis/wt% Ultimate analysis/wt% Lower heating value/
Mag Aud Vad FCu C H 0 N S (MJ/kg)
Coal 1.09 38.72 21.37 38.82 63.75 4.20 10.55 0.93 0.84 19.78
Sludge 8.02 50.19 39.63 2.16 2291 3.38 17.10 3.04 1.11 11.53
Notes: M: moisture; A: ash yield; V: volatile matter; FC: fixed carbon; ad: air dried basis.
R2 BERSREERRRS
Table 2 Composition of coal and sludge ash samples
Composition/wt%
Sample -
SiO, ALOs CaO Fe,04 K,0 Na,O MgO
Coal 18.49 10.23 0.35 1.56 0.49 0.14 0.19
Sludge 32.77 9.42 7.76 4.48 1.36 0.56 1.29
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Fig.1 TG-DTG curves of coal and sludge
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Fig.2 TG-DTG curves of the mixture of coal and sludge at different mixing ratios
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Table 3 Combustion characteristic parameters of coal, sludge and their blends

Characteristic temperature/ 'C

Sample (AW/AT ) max/(%6/C) (AW mean/(%/°C)  C/[x107° mg/(K 2 min)] S/(x1071% K3 min2)
T; Tinax Tr
BC 467 529 651 2.48 0.27 11.36 47.16
BC90MS10 462 530 635 2.59 0.27 12.12 51.59
BC80MS20 465 528 689 2.37 0.19 10.95 30.23
BC70MS30 441 537 651 1.85 0.19 9.53 27.76
BC60MS40 418 539 646 1.56 0.16 8.93 22.11
BC50MS50 420 542 654 1.58 0.14 8.96 19.17
MS 246 430 659 0.65 0.08 10.74 13.04
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Table 4 Kinetic parameters for combustion of coal and sludge with different ratios

Sample Range/C Y=aX+b R? E/(kJ/mol)

BC 314~651 —9628.7X+1.9037 0.9963 80.05
BC90MS10 107~188 —1457.4X-1.5079 0.9781 12.11
188~319 —4005.6X+0.8073 0.9824 33.30

319~635 —8685.8X+0.5835 0.9950 72.21

BC80MS20 114~200 —1470.3X-1.6635 0.9806 12.22
200~320 —5223.5X+3.8485 0.9973 43.43

320~689 —7001.2X-2.5189 0.9930 58.21

BC70MS30 117~202 -1571.7X-1.1691 0.9865 13.07
202~344 —5734.6X+5.2226 0.9957 47.68

344~651 —6979.9X-2.6498 0.9944 58.03

BC60MS40 118~203 —1634.7X-0.8535 0.9827 13.59
203~355 —5801.7X+5.1825 0.9982 48.23

355~646 —6842.2X-2.7483 0.9949 56.88

BC50MS50 118~200 —1573.8X-1.1265 0.9879 13.08
200~364 —5576.9X+4.1895 0.9977 46.37

364~654 —6735.8X-2.9099 0.9951 56.00

MS 122~201 —1749.2X-0.3259 0.9900 14.54
201~380 —5543.4X+3.9444 0.9984 46.09

380~659 —6558.5X-0.7253 0.9806 54.53
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