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Synergistic effects in co-combusting of hydrochar derived
from sewage sludge with differentrank coals
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(1. Key Laboratory of Renewable Energy CAS Guangdong Key Laboratory of New and Renewable Energy Research and
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3. Key Laboratory of Organic Geochemisiry CAS Guangdong Key Laboratory of Environmenial Protection and Resource
Utilization Guangzhou Institute of Geochemistry Chinese Academy of Sciences Guangzhou 510640 China)

Abstract: Differences on organic/inorganic structures and fuel properties between sewage sludge-derived
hydrochar and differentrank coals were investigated and compared with the help of FTHR XRF and XRD
technologies. Meanwhile the combustion behavior under various blending ratio and its synergistic effects was
identified via TG and deviation analysis. The results demonstrates that the organic structures and combustion
behaviors of hydrochar are similar to those of coals which not only improves the combustion properties of
sewage sludge but also enhances the synergistic effects in co-combustion of hydrochar and coals. During the co—
combustion process light volatiles and ( alkaline) alkaline-earth metals in hydrochar could accelerate the weight
loss rate for coals reaching 4.4%-16.1% 1.9%-9.4% and 4.8%-12.1% for lignite bitumite and anthracite
respectively. In general the blends with 30% hydrochar and 70% lignite or 50% hydrochar and 50% lignite are
better than other blends in terms of comprehensive combustion evolutions.
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Table 1 Properties of sewage sludge SS-derived hydrochar and coals
Proximate analysis w /% Ultimate analysis w /% Quny /
Sample
v FC A C H (0] N S (Jeeg™
SS 39.30 4.20 56.50 50.02 6.42 40.12 3.02 0.42 9403
Hydrochar 21.71 1.91 76.38 13.55 2.09 83.01 1.09 0.26 6637
Coal A 50.32 42.94 6.74 59.87 4.55 34.10 0.98 0.50 24306
Coal B 29.35 56.36 14.29 68.53 4.05 25.76 0.92 0.74 27959
Coal C 12.02 72.27 15.71 66.09 3.26 29.77 0.47 0.41 27989

note: V: volatile matters; A: ash; FC: fixed carbon; O (oxygen) was calculated by difference based on dry ash-free base;

Qv higher heating value
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Figure 1 FTHR results of SS hydrochar and coals
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Figure 2 Inorganic components of SS hydrochar and coals
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Figure 3 Mono-combustion behavior and aromaticity of SS hydrochar and coals
2
Table 2 Combustion stages and characteristic temperatures of biowastes and coals
Samol Temperature range ¢/°C Weight loss w/% Residues Characteristic temperatures t/C
ampie stage 1 stage 2 stage 3 stage 2 stage 3 w/% t; Loax Ly,
SS 50-155 155-375  375-615 26.76 10.81 57.33 227 298 595
Hydrochar 50-120  145-355  355-615 9.94 12.02 75.19 249 390 600
Coal A 50-140 - 255-537 - 87.24 5.48 328 395 626
Coal B - - 374-712 - 83.66 14.77 455 552 715
Coal C - - 325-739 - 82.13 15.96 539 608 740
3 DTG 297 C stage 3(392 °C)
stage 3 o stage 2 26.76%
(421 C) 9.94% ;
o stage 3 10.81% 12.
( ) 02% L
( ) XRD
DTG stage 2( 323 C) » Sonibare Baysal *'
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Table 3 Proximate ultimate and HHV analyses of mixed fuels
Samle Proximate analysis w, /% Ultimate analysis 1w, /% Qs [(MJokg™")
A Vv FC C H (0] N S cal-V exp-V
30S :70A 26.63 42.73 30.64 45.59 4.14 48.83 1.01 0.43 19.0 20.2
50S :50A 40.62 36.27 23.11 37.79 3.48 57.36 0.99 0.38 15.5 16.4
70S :30A 54.63 30.59 14.78 28.96 2.98 66.73 1.00 0.33 11.9 12.6
30S:70B 32.33 26.15 41.52 52.88 3.51 42.06 0.95 0.60 21.6 21.6
50S :50B 45.37 24.82 29.81 41.37 3.19 53.94 1.00 0.50 17.3 17.7
70S :30B 57.95 23.65 18.40 30.31 2.69 65.59 1.01 0.40 13.0 13.2
305 :70C 34.17 14.88 50.95 50.44 2.49 46.04 0.67 0.36 21.6 21.7
50S :50C 45.80 17.22 36.98 40.24 2.35 56.36 0.72 0.33 17.3 17.4
708 :30C 57.69 19.01 23.30 30.79 2.18 65.91 0.82 0.30 13.0 13.2
note: V volatile matters; A ash; FC fixed carbon; HHV higher heating value; cal-V calculated value; exp-V experimental
value; d on dry base; daf on dry ash-free base
2.3
4 TG Xie 2 M uthuraman . o
DTG ; 5
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Figure 4 Profiles of co-combustion behavior of blends
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Table 4 Co-combustion kinetic parameters for hydrochar and coals
Stage 2 Stage 3
Sample - o T . 1 P
region/C E,/(kJemol™) A, /min R? region/C E,/ (kJemol™) A, /min R?
Hydrochar 150-370 19.31 0.02 0.9649 370-600 21.39 0.02 0.9710
Coal A - - - - 240-500 60.09 7.08 0.9791
Coal B - - - - 375-625 97.15 298.47  0.9964
Coal C - - - - 500-700 136.85 1344.17  0.9896
30S: 70A - - - - 220-530 50.82 32.46 0.9925
50S: 50A - - - - 230-520 39.23 5.44 0.9843
70S: 30A - - - - 225-515 30.20 0.12 0.9712
30S:70B 260-420 40.23 0.02 0.9939 420-625 84.34 50.38 0.9846
50S:50B 200-410 30.20 <0.01 0.9990 410-625 68.77 4.64 0.9793
70S: 30B 185-445 20.93 <0.01 0.9759 445-625 60.22 1.35 0.9803
30S:70C 250-485 26.97 <0.01 0.9993 485-690 125.50 1098.58  0.9981
50S:50C 225-480 21.21 <0.01 0.9978 480-690 107.09 903.05  0.9950
70S:30C 225-480 20.92 <0.01 0.9842 480-690 99.20 797.74  0.9838

note: E, and A, are the activation energy and pre-exponential factor for stage 2 respectively while E, and A, are for stage 3

5
Table 5 Combustibility index values for hydrochar and coals
Sample Characteristic temperature ( t/°C) DTG/( %-C™") $x10"° Rx10°
L L, Lo (dw/dt) . (dw/dt) .

Hydrochar 249 600 390 0.10 0.03 0.81 2.20
Coal A 328 626 395 0.94 0.11 15.35 20.44
Coal B 455 715 552 0.75 0.10 5.07 11.67
Coal C 539 740 608 0.86 0.10 4.00 12.15

30S: 70A 322 495 387 0.69 0.08 10.76 15.31

50S: 50A 303 486 375 0.60 0.07 9.41 13.74

70S: 30A 302 478 375 0.39 0.05 4.47 8.93

30S:70B 450 624 533 0.55 0.08 3.48 8.86

50S:50B 427 615 532 0.42 0.07 2.62 6.78

70S:30B 406 612 530 0.25 0.05 1.24 4.05

30S: 70C 522 685 600 0.63 0.08 2.70 9.02

50S:50C 515 678 600 0.46 0.06 1.54 6.58

70S: 30C 469 675 597 0.29 0.05 0.29 4.17

3
()
(5.8%-6.3%) (4.4%-16.1%) .

328 °C ( coal A) .455 °C ( coal B)
539 C( coal C) ©
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