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Abstract : The results of an experimental investigation on the co-firing characteristics and slagging behavior of dried and
hydrothermal carbonization sewage sludge, sub-bituminous coal, and wood pellet in a fluidized bed were presented. Combustion
tests were conducted in a lab-scale bubbling fluidized bed system at the uniform fuel-air equivalence ratio, air flow rate, and
initial bed temperature to measure bed temperature distribution and combustion gas composition. 4 different fuel blending cases
were prepared by mixing sewage sludge fuels with coal and wood pellet with the ratio of 50 : 50 by the heating value. NOx was
mostly NO than NO, and measured in the range of 400 to 600 ppm in all cases. SO, was considered to be affected mostly by the
sulfur content of the sewage sludge fuels. The cases of hydrothermal carbonization sewage sludge mixture showed slightly less
SO, emission but higher fuel-N conversion than the dried sewage sludge mixing cases. The result of fly ash composition analysis
implied that the sewage sludge fuels would increase the possibility of slagging/fouling considering the contents of alkali species,
such as Na, K, P. Between the two different sewage sludge fuels, dried sewage sludge fuel was expected to have the more severe
impact on slagging/fouling behavior than hydrothermal carbonization sewage sludge fuel.
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Table 1. Proximate, ultimate and heating value analysis results of
Coal, WP, HTCSS and DSS

Fuel Coal | WP | HTCSS | Dss
Proximate analysis (dry basis, wt%)

Volatile 473 88.7 65.9 73.5

Fixed Carbon 49.8 9.9 13.2 11.3

Ash 2.9 1.4 20.9 15.2

Ultimate analysis (daf basis, wt%)

C 76.7 49.6 57.0 50.3

H 49 6.2 7.5 7.9

N 1.0 0.3 7.8 8.5

S 0.1 0.0 0.9 1.0

0] 17.2 439 26.8 323

Heating value analysis (kcal/kg)
HHV 5570 | 4680 | 4713 | 4504
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2= 7+ Arol 3] §4 B4 AE Yesich 3] $4E DT
(initial deformation temperature), ST (softening temperature),
HT (hemispherical temperature), FT (fluid temperature), & 4
SA 2 P71 ek DSSE] IDT7F 53] WA 4= 1AL, WP
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A5}t 14].
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Table 2. Ash fusion temperature analysis result at oxidizing con-
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stZ et 2l gt RSB A W (inductively coupled plasma-optical
emission spectrometry, ICP-OES)Z ©]-83t Z ¢lg 3|&59 &
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o|t}. Table 42] ICP-OES £41 A3}, Coal 3]E-E ALO;, SiO,,
T12J3l Fe0s7F 2 Hl&-& AASEAL Qlal, WP 3]H-2 K09
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Table 5= 55 HaolA & Ay B4 Aok dH=
AAE ==317] $I%F Equation (2) ~(6)2 S8l €& A=
9] g7} ZAx}o|t}. Equation (2) ~(6)2 ZHz}F B/A (base-to-acid

dition ratio), S/A (silica-alumina ratio), I/C (iron-calcium ratio), TA
Fuel Temperature () (total alkali), BAI (bed agglomeration index)& 2]u]gtt}{12,15].
IDT ST HT FT
Coal 1249 1260 1268 1275 gy a CiOT MgO+ KOt Nay O Fe,0, o
WP 1447 1508 1510 1511 Si0, + Al, 0, + Ti0,
HTCSS 1163 1201 1231 1286
DSS 948 1280 1325 1345
Table 4. Results of ash composition analysis for the fuel samples
(Wt%)
Table 3. Evaluation of slagging tendency as ash fusibility index Fuel Na,0 MgO ALO; Si0, P20s
(AFI) Coal 1.1 9.3 16.9 36.9 0.4
Fuel AFI Slagging tendency WP 0.7 6.0 1.9 4.0 2.6
Coal 1252.8 Medium HTCSS 1.1 6.7 15.0 18.9 30.4
WP 1459.6 Low DSS 1.9 5.9 8.1 25.7 37.0
HTCSS 1176.6 High Fuel K,O CaO Fe;0; MnO TiO,
DSS 1023.4 Severe Coal 1.9 16.7 16.2 0.2 0.6
Evaluation standard of slagging tendency WP 323 432 7.4 1.8 0.1
Evaluation Low Medium High Severe HTCSS 43 11.9 8.7 1.3 0.8
AFI >1343 1232~1343 | 1149~1232 <1149 DSS 6.5 7.5 39 0.6 2.8
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Table 5. Ash deposition tendency of fuel sample ashes

Index | Coal WP | HTCSS | DSS Tendency
Low <0.5
B/A |[08M |151H| 09M | 0.7M | Medium 0.5<B/A<1.0
High >1.0
Low <0.31 or >3
S/A |22H | 22H | 1.3H | 32L High 0.31<S/A<3
Low <0.31 or >3
I/C |10H| 02L | 07H | 0.5H High 0.31<1/C<3
Low <0.3
TA |3.0H |33.0H| 50H | 8.0H | Medium 0.3<TA<0.4
High >0.4
BAI |55H | 02H | 1.6H | 0.5H | High <10
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Figure 1. Schematic diagram of the lab-scale bubbling fluidized bed system.
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Table 6. Experimental conditions 2 RHEE 53 70 =U/Uy) 40 sigzteh ot £
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Figure 2. Measured temperature profiles of the tested conditions.
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Table 7. Mean temperature at measured points

Table 8. Mean flue gas emissions at sampling point

Parameter | Unit Case Emission | Unit Case
Cl 2 C3 C4 Cl 2 C3 C4
T2 587.9 590.2 587.5 590.1 0, ol% 11.2 11.5 8.8 7.4
T3 795.9 799.7 8493 832.5 CO;, 72 6.9 9.0 10.2
T4 820.0 817.3 808.9 814.5 CcO 28.1 177.9 | 1093.7 | 1005.6
T5 T 807.9 | 808.76 | 799.2 806.5 NO, 465.7 533.8 4416 | 4502
T6 253.2 245.1 280.9 255.6 NO ppm | 4657 5322 | 4416 | 4502
T7 189.5 194.5 195.3 193.6 NO; 0 1.7 0 0
T8 292 26.6 30.8 28.1 SO, 225.0 118.2 274.7 215.0
Mg AYUHA YzhEo] T8oA= 2082 wiE&Eal & 24 4= k. olgg A2 W] Wl ¥ A4 vhg %19
< AT 5 QU I ARl ¥k Aojo] EEdt IFE = Qo
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Figure 3. Measured emission profiles of the tested conditions.
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Table 9. Results of ash composition analysis for the tested cases
(wt%)

Case | Na,O | MgO | ALOs | SiO; |P,Os| K,0 |CaO | Fe;O3 | MnO | TiO»
Cl |18 |136] 10.1 [174(222|59|22.1| 02 | 0.6 | 59
C2 | 1.8 | 87 | 13.0 209 (302|4.7|152| 0.1 | 0.8 | 3.9
C3 | 2161|100 206300 75|179| 02 | 0.7 | 3.6
C4 | 15|67 |13.0|245(323|42|11.2| 04 | 09 | 45

Table 10. Ash deposition tendency of the tested cases

Fuel B/A S/A IC TA BAI
Coal 1.7H 1.7H 02L 8.0H 0.8H
WP 09M 1.6H 02L 6.0 H 0.6 H
HTCSS 1.2H 2.1H 02L 11.0H 03H
DSS 0.7M 19H 04H 6.0H 0.8H
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