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Oxy-fuel combustion of sludge in fluidized bed reactor and

characteristic of pollutant emission
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Abstract: Incineration is an effective way to achieve the reduction and resource utilization of sludge. Oxy-fuel
combustion is considered one of the most promising CO> capture technologies. The combination of sludge
incineration and oxy-fuel combustion can not only achieve clean and efficient treatment of sludge but also
achieve CO; capture during combustion. However, only little research has been conducted on oxy-fuel
combustion of sludge in fluidized beds reactor. The unique high O concentration and high CO; atmosphere of
oxy-fuel combustion can have an undeniable impact on the combustion characteristics, pollutant generation and
transformation of sludge. In this work, the effects of O» concentration, bed temperature, fluidization number,

particle size of sludge and moisture
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content of sludge on the oxy-fuel combustion of sludge and nitrogen oxide (NO, NO, and N>O) emissions are

systematically investigated on a lab - scale bubbling fluidized bed reactor. The experimental results indicated that
under the same O2 concentration conditions, the diffusion rate of O, in O,/CO; atmosphere is lower than that in
02/N> atmosphere, and the combustion rate and burnout characteristics of sludge particles under O./CO>
atmosphere are weaker than those under O2/N; atmosphere. In the same oxygen concentration, the conversion rate
of fuel nitrogen in O2/CO, atmosphere is lower than that in O2/N. atmosphere. With the increase of O:
concentration, the oxy-fuel combustion characteristics of sludge particles are significantly improved, but it also
leads to higher NO; emission and fuel nitrogen conversion rate. High moisture content of sludge can reduce the
burnout time and fuel nitrogen conversion rate. An increase in bed temperature and fluidization number can
reduce the burning time of sludge particles to varying degrees. High bed temperature and particle size of sludge

will enhance the NO, emissions and fuel nitrogen conversion rate, while high fluidization number will

significantly reduce fuel nitrogen conversion.

Key words: fluidized bed reactor; oxy-fuel combustion; sludge; combustion characteristic; nitrogen oxide
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Table 1 Ultimate analysis and proximate analysis of sludge

TERMMT (%)

Tokar b (%) AR (MI/kg)

F 5
Car Har Oar Nar Sar Mar Var Aar FCar Oretar
1 19.15 3.11 13.27 3.41 0.49 25.20 34.59 35.37 4.84 7.50
2 16.26 2.64 11.26 2.90 0.41 36.50 29.36 30.03 4.11 6.02
3 12.60 2.05 8.73 2.24 0.32 50.80 22.75 23.26 3.19 4.15

ar: g%}, O=100-oC-H-N-S-M-A; FC=100-V-A-M
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Fig. 1 Scheme of bubbling fluidized bed reactor
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Table 2 Experiment conditions for the combustion of sludge

Feis T5YekifE (mm) TGP EKE (%) R O29KEE (%) JRIRRA (T KA
1 1.5-2 25.2. 36.5. 50.8 02/N2. 02/CO2 21 850 5
2 1.5-2 36.5 02/CO; 21. 25. 30. 40. 50 850 5
3 1.5-2 36.5 02/N2. 02/CO2 21 750, 800. 850+ 900 5
4 0.7-1. 1.5-2, 2.3-3 36.5 02/N2v 02/CO2 21 850 5
5 1.5-2 36.5 0,/CO; 21 850 3.5, 5. 65
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Fig. 2 Evolution of flue gas composition from sludge combustion under (a) 21% O»/N; and (b) 21% O,/CO, atmosphere,

respectively (Bed temperature: 850 C; Moisture content: 36.5%; Fluidized number: 5; Particle size: 1.5-2 mm)

2.2 SREKENFN

Pl 3 R 4 DA [ B /K 395 PR A 2 S
FIRBESAE T IR B A S SE A W HE B o S
WA RRE, NRIEMP AT, BEERREURIZK
Sy EIRE N, Uk B SR TR TR B, T CO
CHy (PR AP (E T T %, Rl 2 45l &
IKEEA 50.8%HT, 15URAREH S CO. CHa kS
BERK. SiERMAENT NG, SEkRET
IR, A FR JE IR A1 IR 2 5 HRRL 1] 1) 46
MAREULTAA, B KB IR A K15 (A,
T, FKER RGN R AR T RRE AT R 2
IYI B, AR REBRRL R ), R TR A KR
805 B TR TR K, AT BRI 1 S0RE 1 9R
JUB 8] o TR R R 7K A i R A R 5 e 2%
PR AW FE YR RIEA R , W
W AE AR [ (R 2 2% A RS RE I IB) T, A SRR A2
HEE AR CO FI CHa HESL. hAbh, 7E75 Y8 S /KA
R, 21%02/CO2 R N5 YRR I 8] BH 5. 5
THAE 21%0/MN TR, FEERAHA: 1D
02 7E O2/N2 Al 0/CO2 FA N T HUE R A, O
1E Oo/No Fll O2/CO 1R R F I HUEEK (Do) #JAT
i E#H A E

60 6000

2)

X, TRKEERE, K; PRWNEES, bar; M
F v 23 TR S AR A3 1 B R R =R 3 7 AR AR,
T AR N B COp; BT N2 [BE R & (28
g/mol) 44 HUAEFR (18.3 cm¥/mol) ¥JLL CO,
& (44 g/mol F1 26.9 cm?/mol) , MTE [F—iRE
T O/N ST O T BUERHE & T 02 78
O0/CO, R F Y #UdE % 2) 55T N2
REHEA D AFE, 0/C0 S5 FHI CO, BFH M
TEPE, ATRLE Rk AR R A SRR N (C +
CO2=2C0O) , IX¥f FEARMEIHRTORL 1 i 5 M T AR
SRR R I 2 AN I LR B )220,

15 & KHE N 50.8%M 15 LS H CO.
CH4 IR KIE FREA LR =5/ 1) BRRE K
RN, X TR R B R k) B R BB K 4y
MEFFEK, CO M CHa IMHEBUL A T I 20 #RK
B K SR T AR BB 2R SR B T, BRI
Itk O g Hi#E Z, AT CO M1 CHa H: AL,
P IHA A CO M CHs HERG 3D il - HaO 7]
PLEAL CO Fll CHy, 3E— 250 CO F1 CH4 FHETL
A SEURS A CO M CH4 IR B3 T %

@ []21% O/N,[]21% 0,/CO, ®) [ #ii-21% O,N, © [ 121% 0/N,[]21% 0,/CO,
50k 5000 | [0 P3ii-21% OyN, 300 -
[ ¥4ii-21% 0,/CO, _

_wl om0l Fti-21% 04co, | E 250
g =
=4 & |,
1730 £ 3000 [
§ '»% S0k 2

20 F © 2000 | [

0 (]

25.2 36.5

HKE (%)

50.8 25.2

HKE (%)

365
HKE (%)

50.8



K 3 AFEKRG BRI E A, CO FI CHs HERURRME (JRIE: 850 °'C, #ifb#: 5, fife: 1.5-22mm)

Fig. 3 Burnout time, CO and CH4 emissions during the combustion of sludge with different water moisture content (Bed

temperature: 850 C; Fluidized number: 5; Particle size: 1.5-2 mm)
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Fig. 4 Nitrogen oxide emissions during the combustion of

50.8

sludge with different water moisture content (Bed temperature:
850 °C; Fluidized number: 5; Particle size: 1.5-2 mm)
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Fig. 5 Burnout time, CO and CH4 emissions during the combustion of sludge under different O, concentration (Bed temperature:

850 C; Fluidized number: 5; Moisture content: 36.5%; Particle size: 1.5-2 mm)
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Fig. 6 Nitrogen oxide emissions during the combustion of
sludge under different Oz concentration (Bed temperature:
850 °C; Fluidized number: 5; Moisture content: 36.5%;
Particle size: 1.5-2 mm)
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Fig. 7 Burnout time, CO and CH4 emissions during the combustion of sludge in different bed temperatures (Fluidized number: 5;

Moisture content: 36.5%; Particle size: 1.5-2 mm)
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Fig.8 Nitrogen oxide emissions during the combustion of
sludge in different bed temperatures (Fluidized number: 5;
Moisture content: 36.5%; Particle size: 1.5-2 mm)
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Fig. 9 Burnout time, CO and CH4 emissions during the combustion of sludge with different particle sizes (Bed temperature: 850 ‘C;

Fluidized number: 5; Moisture content: 36.5%)
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Fig. 10 Nitrogen oxide emissions during the combustion of
sludge with different particle sizes (Bed temperature: 850 C;
Fluidized number: 5; Moisture content: 36.5%)
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Fig. 11 Burnout time, CO and CH4 emissions during the combustion of sludge in different fluidized numbers (Bed temperature:

Fig

850 °C; Moisture content: 36.5%; Particle size: 1.5-2 mm)
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. 12 Nitrogen oxide emissions during the combustion of

sludge in different fluidized numbers (Bed temperature:

850 °C; Moisture content: 36.5%; Particle size: 1.5-2 mm)
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