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Abstract [ Objective] Municipal sludge incineration alone is faced with the problems of high water content and low calorific value,
and co-combustion of biomass and sludge is an effective way to solve this problem. To explore the co-combustion characteristics of
municipal sludge solid fuel and wooden biomass pellet fuel and realize the efficient and clean utilization of sludge, this paper carries out
relevant experiments. [ Methods | A bubbling fluidized bed reactor system with an inner diameter of 0. 1 m and a height of 1.2 m was
adopted, with three working conditions of biomass co-combustion ratios of 20% , 50% and 80%, and pure sludge and pure biomass
combustion as controls. The experimental parameters were fixed as follows: equivalence ratio was 1. 65, air flow rate was 100 L/min,
reactor temperature was 800 °C , fluidizing gas velocity was 0.21 m/s (average particle size of bed material was 460 pm). Through
thermogravimetric analysis (TGA ), real-time flue gas emission monitoring, ash X-ray fluorescence ( XRF) analysis and deposition
tendency evaluation, the pyrolysis and combustion characteristics, pollutant emission laws and ash behavior characteristics of fuels
under different working conditions were systematically compared. [ Results] TGA showed that hiomass had a narrower combustion
range and better burnout performance; the low nitrogen and sulfur characteristics of biomass in co-combustion significantly reduced
pollutant emissions, and the emissions of NO, and SO, at 80% co-combustion ratio decreased to 43% and 69% of those in pure sludge
combustion, respectively, with a prominent synergistic emission reduction effect; the CO concentration increased slightly with the

biomass ratio but the overall change was gentle, and the combustion efficiency increased by up to 0. 12% with the increase of biomass
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co-combustion ratio, all maintaining above 99% ; the ash components were mainly dominated by sludge, co-combustion had little effect

on ash components, the ash deposition tendency was controllable, and only a small amount of fluidized medium agglomeration

occurred. [ Conclusion |

The co-combustion of sludge and wooden biomass pellets can effectively improve sludge combustion

performance, reduce pollutant emissions, and has high combustion efficiency and controllable ash deposition risk. This paper provides

an important theoretical basis and experimental support for the efficient and clean utilization of wastewater sludge fuel, and the optimal

design and engineering application of bubbling fluidized bed co-combustion process.

Keywords bubbling fluidized bed sludge biomass co-combustion pollutant emission
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Tab. 1 Analysis of Characteristics of Sludge and Biomass Fuel
iH 5 AW AR
C 48.90% 50. 20%
H 9.20% 5.80%
N 6. 40% 0.80%
S 1. 80% 0.01%
0 26. 50% 46.20%
FIRA 20. 00% 8. 50%
ER Sy 37. 60% 80. 50%
K5y 40.20% 0.24%
I#i % Bk 4.20% 10. 80%
ELHVE/ (k) - kg ™) 13 100 18 924
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Fig. 1 Lab Scale Bubbling Fluidized Bed System
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Fig.2 TGA Results of (a) Sludge and (b) Biomass Fuel
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T3C 7701 7821 8234 810.5  790.3
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To/T  400.5 4143 4424 455  420.5
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Fig.3 Emission Curves under Testing Conditions
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x5 RERABNFHEASHRRE
Tab.5 Average Flue Gas Emission Concentration

at Sampling Points
TiH S B W S B ¥ N 0

CO/(mg - L") 35.7 39.1 44.6 55.5 71.8

R 5

NO/(mg - L")  900.0 649.5 509.2 409.2 87.6
NO,/(mg- L") 16.4 15.3 16.2 14.2 4.3

SO./(mg- L") 839.0 540. 4 399.0 260.9 6.4

80% , {E AR AL 00 7 45 SR ¥ 8 R A= 0 I3 I 4y
it o Ok &, AR W0 K 4 AS R B R B Y
10% , PR PLTR B I 1 2 19 G0 40 K 43 vl DA Ky 2 75
PRy, BRIREE 5 Fh 5 1~ 35 4 15 R AR 5>
o7 L, KA T R KK 2E R, (R
W5 5 H,Si0, Ml Fe, O, I & (B AR & F il 1,
1M Na,O ,MgO 1 TiO, I B A XA AIK, 15 P p
Si Fl Fe MY it im TAEW AR, A SCflt A It Ak
A FEH Si0,(90%) (Al,0,(4% ) Fl Fe,0,(3%)

0, 11.1% 11.0%  10.4% 9.9% 9.1%
Al P, I AR A B X K 43 R Sio, Al
Co, 9. 4% 10.1%  10.5% 11.0% 11.4% Fe203 FEQET%HI'EJO
®6 MBRDWUZRS D
Tab. 6 Chemical Analyses of Tested Fuel Ashes

| Na, 0 MgO ALLO, 8i0, K,0 Ca0 TiO, MnO Fe,0,
5 1 8.32% 4.23% 13.43% 22.54% 2.46% 12.35% 1. 34% 2.34% 11.35%
R 2 7.95% 4.14% 13.42% 21.53% 2.64% 12.53% 1.25% 2.45% 11.42%
15 3 7.37% 3.74% 13.23% 21.43% 2.53% 13.32% 1.23% 2.53% 10. 46%
5 4 7.43% 3. 84% 12.63% 23.42% 2.53% 12. 42% 1. 24% 2. 14% 10. 43%
15 5 6.95% 1. 64% 11. 12% 27.45% 3.34% 11.53% 0.45% 1.34% 28.35%

RT MBIRSHEE EIRNAB RS
Tab.7 Slagging, Fouling and Bed Agglomeration Indices
for Tested Fuel Ashes

e B/A S/A I/c T, By
R 1 0. 81 1.68 0.92 10. 78 1.05
o) 0. 85 1.60 0.91 10.59 1.08
i 3 0. 84 1.62 0.79 9.90 1.06
e 4 0.78 1.85 0.84 9.96 1.05
R 5 1.15 2.47 2.46 10.29 2.76

DA B 4307 45 5 R Jemelt, A 20 B K 43 B LR
B AT B/A S/A I/C. T, FI B, , N3 7
FiiR, il KAy B/A S/A 1/C F T, S 534 )
Wi, 25 AT REPEAR B, ANk, B, /NT 10, Ui
A B R A MR 1 T RE AR K, (HAEASCH I
JE XA BRI AT AT, kA A TR 4 0
PRBRI/IN 32 PR DRy S 30 8 AASE A Sl 0 A R S
A I Y R T R O F R N A A A S FE
800 °C Z&Efq , G AEIMAEN , 7] LT | A Ak A ot Ml &%
)5 R Y /S U RE T & =R e By W ST
R BAR B R BB P AR A BUAR S R
TS TR 25 1 1 0, A BEAE S B TR
S I b IR 43 B K 435 | RS 1 Ak A J5 A 285 30
%o AUFEARSCIRZE B | AR XE A B Ak A BRI k) 2

[ Y5 2R, T B — 25 XV U R0 A 0 B ARk %) R A
5 A BT (Rl AR DGR A T HERR BT

FREI 72 A K 23 N B AR 53, TR R sk
ROGERINE 8 N, TG BT 54T, ey
TE99% VA b & A 1) B R RHE B 238 (0 3G hn, SR %
BOR/INIESE TN B TRBRCRIITE 99% LA I, 48K
TR AL A E M & L I 4 IR BERIR
HEEs 1350 1 0. 12% , 350iE 1 L& TCA i A=
YITREH R BR S EAR XS TR A i B 258

R 8 BBITCIREI R IR BERR LL B Fn ke s

Tab.8 Unburned Carbon Ratios and Combustion Efficiencies
for Tested Fuel Ashes

i { R 1 R 2 R 3 R 4
AR 0. 44% 0.43% 0.43% 0.35%
IRBEs R 99. 56% 99. 58% 99. 65% 99. 68%

3 &g

AR SCHIHT T 15 IR AE W R R R e e 1 B
SYUUBURRME . RIS AL R SR 2%, % 2 Rkt
() BRI R R e AT T 16, 3 3 e B A ) DA
K 0,.C0,.CO.NO, . SO, A9l 25 5, 4300 T ke
FRPE, S04, A BR e I R v 7 A K 43 B A R
XRF Z3AT, [RIE X5 2 Aot i sk R e S R B 1 K
A UURRERESEAT T 9T, TGA W7s, 15 TR 354y 2
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ANFEIERRGE BT B, BRGEIR N 268 ~440 °C, £
PRI IR BEIR BE R 300 ~450 °C , 7E AR HEAS 1 E
DX I PR e U], IR AR B #5 & 4 sE i, B AR
JTHREHE 450 C B FEARIS 15 Je 7E 450 °C BHT)
A 30% 22 AT A SRR, B I ET DA B, A SRR R
A RABEPEAI RIS YR chs o S230 Z B S i Ak IR
IV #5456 B IR B 3 AR 35T, HE 800~ 900 °C, IV i
60~80 cm AbIEE e 5, X R A s A A AL
TR 60~80 cm &b, FEBES 1 4544 T ,NO 19°F
Yy o 900 mg/ L, % A= 4 5 HE ] 386 A
NO, P BE B R AIG, 761088 5 &4 T, NO 1°F
YIRaHE N 87. 6 mg/L, iR E 1 254 R NO A il
IR 5 AN 10 f5 DL B XA RUA 2R
RIT & N S22 5 458, SO, 2 i R AE Y 5
R = A= 1, B 2 AR 0 0 ) TR SR 3G, A P NO,
SO, A LR, 3 3 B 6 A R S g 2R e 5
LRI AT 53 BT, 5 U FNA ) 0 (R TR e A SR A 1 i
FRSA R e 2 S ALK Sy M LT B3R
BIMRKZESE, XFEMRLE S 2 PR o S i
2553 15 Ve B IR 43 T i 43 A2 R 40% , 1R it
R 1~ 080 4 20 F IS RAIK S & S,
SyA 38 R G R ) PR AT, BT A R A A
RS T REEARAR i, R R e (Rl A, H
AR AL bR TR A 223K, W Bt — i it T
FERLAIGIGUE , 38 2 K 53 N I AR RS 53 434, IR
BERCRAE A 2100 F 397 99% L L i@ i B hn A= 4
FEHTRGE R BABERCR T 0. 12%

S 3k
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