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Abstract: The sludge and lignite are pretreated by co—hydrothermal carbonization to prepare high—quality solid
fuel, which provides a feasible solution for the effective treatment of sludge and low—rank coal. This study mainly
investigated the thermochemical conversion characteristics and regularity of solid phase products (hydrochars)
prepared by Co—HTC of sewage sludge (SS) and lignite (LC) at different temperatures (120, 180, 240 and 300°C).

Experiments included combustion, pyrolysis and char CO,-gasification processes, and the synergistic effects in
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these processes were also analyzed. The results show that Co-HTC pretreatment has some significant effects on the
thermal behavior of SS and LC. On the one hand, compared with the calculated value, the hydrochars after co—
hydrothermal carbonization have higher yield, fuel rate, coalification degree, calorific value, etc., and they have
lower ash content. On the other hand, all hydrochars have a certain synergistic effects in combustion, pyrolysis and
char CO,~gasification (promoting combustion and pyrolysis behavior, reducing gasification activity), and when the
hydrothermal temperature is around 240°C, these synergistic effects are most obvious. Given that the synergistic
effects of the pyrolysis and gasification processes are lower than the combustion process, co—hydrothermal
carbonization products are considered to be more suitable for combustion. These findings indicate that the
combination of the upgrading of Co—HTC with subsequent thermochemical processes has positive implications for

the generation of energy and the utilization of organic wastes.

Key words: sewage sludge; lignite; co—hydrothermal carbonization; combustion characteristics; pyrolysis reactivity;

CO,—gasification; synergistic effect
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Table 1 Physicochemical properties of feedstocks and their derived hydrochars
Sample Yield /%  Proximate analysis /%(mass, db) Ultimate analysis /%(mass, daf) HHV/
(mass, db) A VM FC C H 0 N S (MJ-kg™)

SS SS—Raw / 56.24 39.15 4.61 48.53 8.07 34.49 7.52 1.40 9.38
SS-120 88.34 61.22 34.30 4.48 49.77 8.16 34.19 6.42 1.45 8.23

SS-180 74.92 70.40 26.13 3.47 52.81 8.39 31.56 5.70 1.53 6.65

SS-240 70.45 76.21 20.27 3.52 56.18 8.83 27.90 5.44 1.64 5.70

SS-300 68.00 79.44 17.08 3.48 58.32 9.04 25.67 5.16 1.80 5.02

LC LC-Raw / 6.97 50.65 42.38 65.10 5.68 27.37 1.41 0.43 23.95
LC-120 95.41 6.59 50.07 43.34 65.67 5.28 27.32 1.36 0.36 24.38

LC-180 93.59 6.67 49.25 44.08 66.73 5.23 26.35 1.34 0.35 24.42

LC-240 89.46 6.81 48.95 44.24 67.60 5.23 25.53 1.33 0.31 24.74

LC-300 80.36 6.65 46.10 47.24 68.56 5.13 24.71 1.31 0.28 25.40

theoretical mixture ~ Mix—=120(C) 91.88 33.91 42.18 23.91 57.72 6.72 30.76 3.89 0.91 16.31
Mix-180(C) 84.26 38.53 37.69 23.77 59.77 6.81 28.95 3.52 0.94 15.55

Mix-240(C) 79.95 41.51 34.61 23.88 61.89 7.03 26.72 3.38 0.98 15.22

Mix-300(C) 74.18 43.05 31.59 25.36 63.44 7.09 25.19 3.24 1.04 15.21

mixture Mix-120(E) 92.86 32.83 42.30 24.87 60.58 6.47 29.71 2.68 0.57 16.78
Mix-180(E) 86.81 34.69 3991 25.39 63.26 6.35 27.22 2.62 0.56 16.79

Mix-240(E) 82.82 36.39 37.97 25.64 65.27 6.26 25.42 2.55 0.50 16.93

Mix-300(E) 74.88 40.38 32.70 26.92 67.11 6.14 23.84 2.46 0.46 16.62

Note: VM, volatile matters; A, ash; FC, fixed carbon; db, on dry base; daf, on dry ash—free base ; VM and O (oxygen) was calculated by difference.
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Table 2 Characteristic temperatures and combustibility indices of feedstocks and hydrochars
Sample Residue / Characteristic temperatures /°C tl»‘/ (dw/dz)xm‘/ ] (dw/de),.. ) Sx10°
% (mass) T, T, T, min (%(mass)-min™)  (%(mass)* min 1)
SS—-Raw 57.95 21543 318.46 708.24 49.28 1.80 0.48 2.65
SS-120 63.57 219.87 315.88 712.55 49.27 1.64 0.42 1.99
SS-180 70.61 223.59 318.47 715.35 49.18 1.57 0.34 1.48
SS-240 77.66 247.57 383.97 717.72 47.02 091 0.26 0.53
SS-300 78.83 262.92 389.35 730.65 46.77 0.95 0.24 0.46
LC-Raw 8.58 322.06 378.80 505.06 18.30 10.54 1.05 21.14
LC-120 3.82 325.18 373.62 505.70 18.05 11.09 1.11 22.93
LC-180 10.18 330.56 371.04 504.84 17.43 11.66 1.03 21.82
LC-240 9.36 335.79 363.28 502.90 16.71 14.12 1.04 25.94
LC-300 7.48 337.32 363.07 481.35 14.40 11.17 1.06 21.69
Mix—120(C) 34.63 312.78 368.37 520.88 20.81 6.42 0.75 9.47
Mix—180(C) 40.41 314.02 375.96 517.34 20.33 6.18 0.68 8.30
Mix—240(C) 43.47 319.56 363.42 510.33 19.08 7.54 0.65 9.40
Mix-300(C) 43.47 323.33 365.79 507.10 18.38 5.84 0.65 7.04
Mix-120(E) 30.44 312.78 370.74 520.97 20.82 6.09 0.80 9.55
Mix-180(E) 34.52 314.02 378.54 517.91 20.39 6.74 0.75 9.93
Mix-240(E) 33.84 324.17 378.93 514.65 19.05 7.74 0.76 10.88
Mix-300(E) 38.03 348.63 397.25 510.48 16.19 7.82 0.71 8.98

Note: #, is the burnout time, which runs from the time corresponding to 7’ until the time corresponding to 7.
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Fig.3 Comparison between experimental and calculated TG
curves of four blends for deviation profiles during combustion

process
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Fig4 TG-DTG curves for pyrolysis profiles of feedstocks and their derived hydrochars
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Table 3 Characteristic temperatures and pyrolysis indices of feedstocks and hydrochars

Sample Residue/ Characteristic temperatures /°C ‘|../ (dw/dt)“m./ ] (dw/dz)mm‘/ ] AT,/ D10’
Po(mass) T, T T, min (% (mass) min™) (% (mass)min)
SS—-Raw 56.35 216.83 280.48 1086.06 86.92 1.54 0.41 198.74 22.69
SS-120 58.95 234.46 331.94 1088.34 85.39 1.49 0.38 168.83 17.86
SS-180 67.89 246.66 345.37 1089.35 84.27 1.01 0.30 228.14 5.01
SS-240 73.90 253.98 454.12 1100.00 84.60 0.65 0.24 211.66 1.70
SS-300 76.74 283.81 456.65 1100.00 81.62 0.61 0.22 152.34 1.56
LC-Raw 48.66 283.81 421.67 946.89 66.31 1.59 0.48 191.89 17.06
LC-120 47.96 293.57 417.11 921.55 62.80 1.62 0.49 186.31 17.97
LC-180 49.23 296.01 423.95 919.26 62.33 1.54 0.47 184.79 16.00
LC-240 50.72 300.89 431.05 916.98 61.61 1.59 0.46 179.72 15.48
LC-300 54.18 315.53 440.18 914.70 59.92 1.45 0.43 188.35 10.88
Mix-120(C) 53.54 239.34 422.47 1085.81 84.65 1.19 0.43 253.42 9.37
Mix—=180(C) 59.51 258.58 430.97 1089.36 83.08 1.08 0.38 223.77 6.64
Mix-240(C) 61.45 283.54 433.25 1100.00 81.65 1.09 0.36 179.17 6.88
Mix-300(C) 64.98 302.77 44491 1100.00 79.72 1.03 0.33 152.36 5.75
Mix-120(E) 55.37 244.22 424.89 1076.87 83.27 1.16 0.42 261.78 7.95
Mix-180(E) 59.16 268.62 433.25 1080.99 81.24 1.18 0.38 210.85 7.50
Mix-240(E) 60.29 288.42 437.81 1085.81 79.74 1.25 0.37 167.77 8.70
Mix-300(E) 63.55 310.65 448.45 1090.37 77.97 1.15 0.34 141.15 7.26

Note: ¢, is the decomposition time, which runs from the time corresponding to 7 until the time corresponding to 7.
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Table 4 Gasification characteristic parameters of feedstocks and hydrochars
Time X5/ R,/ Time X5/ R,/ Time X5/ R,/ Time X5/ R,
Sample o : Sample o w Sample o . Sample o -
min min~! min min™! min min~! min min~!
SS-Raw 12.84 0.45 LC-Raw 0.66 1.13
SS-120 3.63 0.49 LC-120 0.65 1.15 Mix-120(C) 0.67 1.03 Mix-120(E) 0.85 0.94
SS-180 12.85 0.26 LC-180 0.70 1.05 Mix-180(C) 0.72 1.02 Mix-180(E) 0.93 0.81
SS-240 14.63 0.22 LC-240 0.68 1.08 Mix—240(C) 0.70 0.95 Mix-240(E) 0.93 0.83
SS-300 16.41 0.25 LC-300 0.69 1.06 Mix—=300(C) 0.71 1.04 Mix—=300(E) 1.13 0.71
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