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Oxy-fuel combustion of sludge in fluidized bed reactor and characteristic of

pollutant emission
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Control of Ministry of Education, School of Energy and Environment, Southeast University, Nanjing 210096, China)
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 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 O, concentration conditions, the diffusion rate of
0, in 0,/CO, atmosphere is lower than that in O,/N, atmosphere, and the combustion rate and burnout characteristics of sludge particles
under O,/CO, atmosphere are weaker than those under O,/N, atmosphere. In the same oxygen concentration, the conversion rate of fuel
nitrogen in O,/CO, atmosphere is lower than that in O,/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
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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.
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Table 1 Ultimate analysis and proximate analysis of sludge
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Table 2 Experiment conditions for the combustion of sludge
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Fig. 3 Burnout time, CO and CH, emissions during the combustion of sludge with different water moisture content
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Fig. 5 Burnout time, CO and CH, emissions during the combustion of sludge under different O, concentration
700 10 B BB A A S P B 45 52
00T s e e FAOBEAFHE R RIS (2
600 - [IIINOLO,/CO,) ® NO,21% OyN,) A RIRAECH 5, 15 /KEN 36.5%, 15ie
soo}  EEIN.0(0/C0) A NOR1% 0N, ¥ KRR 1.5 ~2mm) o B IRZ AT, P
Laol O ARON | RRBEIR R, ISR IURL AR ST (12 5850 IR
2 500l . ] § SR ] b F R R . DRSOk Z [A] e Ak
B 200 D . |:| 14 2 FRCS MR ZE R IEASC, RIZIRE R T ] LI
= o = 45 S 15 VR IIORL 1 R TR 2 23 1) s @ 0,
%I 12 MY B s IR T RS, th=X () 7THL, O, -
0r g EUARBCS RS BIEMSCR AR, B IR Y LR B
0 21 25 30 40 50 0 %ﬁ%ﬁ@%ﬁé%@ﬁlﬂo ﬂ:[ﬁﬁl\’ %%?ﬁgﬁgﬂ%,

O, F 5 £/%
B 6 A B FIRE AT 5 R RE AR HEar

Fig. 6 Nitrogen oxide emissions during the combustion of

sludge under different O, concentration

24 KEBEREM
7 FIEL 8 A ASTA] R 2 e E X5 U Uk & S8R

0,/N, SARAT 0,/CO, SAR T ks AR i ] ) 25
BN, X EERES T 0,/CO, AT CO, 5
AN TRk . FEILTRE X ], Ak
BZHIIFER], RAER (vg) ATLATHN

a\’ E,
Veas = (dZ) myf (X) koexp (_RT) (3)
X, d, i dy 73 BIAERIREL EAR FIWI LG 0RL B A
161




2025 4F45 3 1) & 4B K #5314
100 —==521% o,N, Em21% 0,0, 8000 % 5(21% ON,) - 288 [ 321% O,/N, E21% 0,/CO,
ol [ 7000+ B #44(21% O,N,) i _
6000 - E#{(21% 0,/CO,) L 700
= S 5000 | BT FHE21% 0,/CO)) E 600
= 24000 | & 500+
2 o40f %2000 | a0
= S % 300 |
ol 2000 | HJ_I_‘ E 500l
1000 | 100 | ’—H
0 0 ol —I o L=
750 800 850 900 750 800 850 900 750 800 850 900
IR ZREPC IR EPC IR C
(a) (b) (©)
B 7 A RRIESHT 5 RAARA N E CO fn CH, # B I
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sludge in different bed temperatures
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Fig. 9 Burnout time, CO and CH, emissions during the combustion of sludge with different particle sizes
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