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Co-combustion characteristics and Kinetic analysis of semi-coke and
bituminous coal
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Abstract: Co-combustion of bituminous coal with low volatile semi-coke is an effective method, which can improve
the ignition and burnout performance of semi-coke. This paper describes the combustion characteristics differences,
interaction effect, kinetic analysis of semi-coke and anthracite blended with bituminous coal by applying
thermogravimetric analyzer. The results indicate that the combustion process of semi-coke is divided into two stages:
combustion of combustible materials, and decomposition of calcium carbonate in the semi-coke. The main mass
loss peak of the blend fuels close to DTG peak of the single fuel, which has an approximate fuel ratio with the blend.
The blend of semi-coke with bituminous coal has better ignition and comprehensive combustion characteristics than
blend of anthracite with bituminous coal. Addition of bituminous coal can lower the apparent activation energy, and
improve the ignition and burnout performance of semi-coke or anthracite. Moreover, the apparent activation
energy decreased, while the ignition and comprehensive combustion characteristics index increased with the
blend ratio of bituminous coal. There exist more significant synergetic effects between bituminous coal and
semi-coke than between bituminous coal and anthracite. In addition, the ignition index and comprehensive
combustion index reveals negative correlation with fuel ratio, while the apparent activation energy shows
positive correlation with fuel ratio.
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Table 1 Proximate and ultimate analysis of samples

Sample Proximate analysis/%(mass) Ultimate analysis/%(mass) _ Ohetar/ Fuel

Mg Agg Vad FCu Caaf Haar Nat Ourr’ Saar MJ/kg) ratio

SC 7.21 9.24 8.44 75.11 93.71 1.70 1.03 3.23 0.34 22.50 8.90

YQ 0.88 21.39 6.34 71.39 92.98 2.70 1.16 2.64 0.53 24.63 11.26

ZQ 9.97 20.62 23.32 46.09 73.03 3.80 1.12 13.99 0.86 21.48 1.98

@ By difference.

Note: Onerv—lower heat value as received basis; ad—air-dried basis; daf—dry ash-free basis.
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Fig.1 TG/DTG curves of SC and YQ
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Table 2 Pore structure of SC and YQ

BET surface Pore volume/ . .
Sample Pore diameter/nm Porosity
area/(m?/g) (ml/g)
SC 19.72 0.0129 2.607 0.0285
YQ 16.84 0.0265 6.294 0.0211
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Fig.2 DTG curves of SC-ZQ
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Table 3 Ash composition analysis of SC/%
CaO MgO NaZO Kzo leO SO3

SIOZ A1203 F6203

3735 986 596 4188 094 038 0.17 058 1.82
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Fig.3 XRD patterns of SC
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Table4 Combustion characteristics of SC-ZQ and YQ-ZQ

Sample T/'C T,/ C Tinax! C Rinax/(%o/min) Rinear/(%o/min) Cx10° S$x107

ZQ 332 666 507 -6.16 -4.35 5.59 3.65
20%SC-80%ZQ 343 713 510 -5.82 -4.05 4.95 2.81
45%SC-55%ZQ 359 703 625 -6.36 -3.92 4.93 2.75
70%SC-30%ZQ 384 796 637 -5.58 —4.08 3.78 1.94
SC 458 863 627 -5.62 —4.37 2.68 1.36

ZQ 332 666 507 —6.16 —4.35 5.59 3.65
20%YQ-80%ZQ 344 716 501 —6.05 -3.96 5.1 2.83
45%YQ-55%ZQ 363 756 503 -5.40 -3.73 4.10 2.02
70%YQ-30%ZQ 384 822 667 -5.13 -3.71 348 1.57
YQ 503 820 647 -6.70 -3.89 2.65 1.26
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Table S Apparent activation energy and correlation coefficients of SC-ZQ obtained by FWO and KAS method
ZQ 20%SC+80%ZQ 45%SC+55%ZQ 70%SC+30%ZQ SC
E/(kJ/mol) R? E/(kJ/mol) R? E/(kJ/mol) R E/(kJ/mol) R? E/(kJ/mol) R?

FWO
0.2 129.54 0.9766 139.11 0.9977 142.68 0.9992 163.28 0.9999 197.66 0.9977
0.3 100.92 0.9773 110.25 0.9743 110.29 0.9852 120.66 0.9999 161.2 0.9950
0.4 81.39 0.9969 81.98 0.9613 89.53 0.9890 109.2 0.9887 136.55 0.9851
0.5 67.71 0.9977 68.93 0.9592 75.36 0.9786 101.78 0.9979 115.49 0.9833
0.6 57.36 0.9968 58.91 0.9511 66.29 0.9815 89.23 0.9709 102.36 0.9852
0.7 49.84 0.9979 47.42 0.9536 52.35 0.9781 76.67 0.9657 93.481 0.9893
0.8 43.93 0.9990 48.10 0.9597 55.29 0.9934 67.69 0.9524 85.397 0.9956
Ey 75.82 79.24 85.97 104.07 127.45

KAS
0.2 124.86 0.9758 134.72 0.9980 138.22 0.9993 151.69 0.9985 190.54 0.9985
0.3 94.18 0.9825 109.11 0.9783 104.68 0.9876 110.56 0.9972 157.13 0.9972
0.4 73.20 0.9980 74.72 0.9694 82.69 0.9911 101.94 0.9924 126.45 0.9924
0.5 58.40 0.9987 56.37 0.9695 67.35 0.9833 91.62 0.9930 104.71 0.9930
0.6 47.09 0.9985 46.20 0.9661 60.97 0.9856 81.03 0.9950 96.19 0.9950
0.7 38.76 0.9993 41.81 0.9635 50.05 0.9834 70.54 0.9973 82.58 0.9973
0.8 32.10 0.9999 36.90 0.9679 45.03 0.9951 59.88 0.9985 70.02 0.9995
En 66.94 71.40 78.43 95.32 118.23
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Fig.5 Kinetic analysis curves of SC obtained by
KAS method
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Fig.6 Effect of ZQ blend ratio on activation energy of SC-ZQ
and YQ-ZQ
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Fig.7 Relationship of combustion characteristic index and

apparent activation energy with fuel ratio
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