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Abstract—Combustion characteristics of digested sewage sludges dried in ambient condition were measured
in a laboratory scale fluidized bed incinerator. In spite of the low heating value(1050 kcal/kg) and the high
moisture content(21%) of the sludge, steady state combustion could be obtained without addition of an aux-
iliary fuel. Addition of bed material was not needed in the experiment. The combustion efficiency was achieved
over 94% due to the high combustion rate of the sludge in the freeboard. Emissions of NO, and SO. ranged
6.1-16.2 ppm and 830-1310 ppm, respectively, in given experimental conditions.
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Fig. 1. Schematic flow diagram of experimental appara-

tus.
1. Compressor 8. Air filter
2. Air preheater 9. Variable speed motor
3. Air distributor 10. Regulator
4. Ash overflow tube 11. Sampling line
& hopper 12. Thermocouple
5. Hopper 13. Pressure tap
6. Screw feeder 14. Gas analyzer
7. Cyclones 15. Cooling water line

HWAHAK KONGHAK Vol. 30, No. 2, April, 1992



230 SEESBHERE £ EX

Fig. 1<]] +}epblich *df‘f“éul% 5% a7, A8y
F71, 457 FF7), 7

45w
53 AAEE PIRARoRYH divks £
F7p AA £017 L70mo) e, 7134180 23E] 070

m ¥o|7hAlE WA 01lm, 21 vz L
W7 016 me) A QA 7bdo g dztalgich B 8
% 272 AHgg 13 IS £ 5mm
e Al A7 2mme] FHE A7 wjdz
Eojd ABu7l 12% HEE A 2E of3aec) o
A7k Foll R vl A AE 248 131] ~7tE
B & H2ofl =77 8 T R Me|FES YR
AR o, ddg H3 A7tE AA a}u_aoﬂf ce-
ramic woolZ 02m F7 2 7o} wdtdA)Zch 2
27t2 Zk AR A 2EE FAE] ) FopEE
A (F7] B4 o 2 HE] 0.05, 0.13, 0.21, 0.39, 0.84,
114, 154 m £o]2 )& AAod, 55 Wiy
Az BFE F UEE s FV)EAHo 2 RE
025m Al F4173E HA8Ad
Fa)E2(S0,, NO) S 427 & —Eri—z— e L
4709 AR H (7)1 E AR
m, 28] 1 Ko &8 FTF )% A
LExAE fdlM e oA 3y W43
747t Abg-ske] Ad¥ st

dg= x-hvakz«l zo]o] 7}%?& -}li‘rer —}}*17]3 ,\]_3
gko] Z7)RAH o ZHE 005m AFF-2| Yol 4 Fls}
Aok 283 fr5F WY e ARt 25
020m AH¥-9] 272 ¥ Mdx¥ dFFHE 56“
8 &A1 7)1 A} B 7| Ak Fotell B9 &y wE 3
S8 w2 Ak F5%F Fol= 020mE ogxgspﬂ =3
A8l E shsich

Aag F7le FVINEVIEYE 13 F 23 32
el x ZepelE 73] 37 dlgd7) vl A d=l F
1x} 7] plenum chamber®} 37 84ks+-8 £, 22}
71-1: &7 1*’41”1%61 0.90 m A+ x]zJou A28
g AR2
di??*“ M}Ol%%g 71 %] D“i 7L- Toﬂ Lininal
b 23" F &3S 58 wiEEdck

a}oﬂu} 45 14

)

2. AR Hx{g] 9 HEE AR
KF Fae Al @5 Meld ashgeAe 2
Ak SAAE kst g7 AR %LTEL 75%
Hzdet. o)s} o] o] F2 *EVI*
FE1 o8 FdE
uf Foll AeFd Flo]

ke Hoje] A

a3 H30A F2E 19924 43

Table 1. Compositions and size distributions of sewage
sludges used in the experiment

Analysis Sludge A Sludge B
Proximate (wt%)
Moisture 25.00 21.00
Combustibles
Volatile matter 27.62 24.12
Fixed carbon 3.83 3.19
Ash 43.55 51.69
Ultimate(dry basis, wt%) 21.00 14.30
C 21.00 14.30
H 2.86 2.72
N 3.02 233
S 1.21 145
0 13.84 17.99
Ash 58.07 61.21
Calorific value(gross, kcal/kg) 2145 1050
Particle size range(dry basis, mm)
2.00-0.84 68.18 50.06
0.84-0.75 6.48 6.61
0.75-0.30 16.90 23.67
0.30-0.21 3.06 5.03
0.21-0.15 242 4.69
0.15-0.10 1.07 3.83
<1.10 1.88 6.11
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Table 2. Experimental conditions

Variables Sludge A Sludge B

Bed temperature 750, 800, 850, 900 750, 800, 850
(Tbl)- CC

Superficial gas 0.8-15 0.9-14

velocity (Ug)) * m/s

Fuel feed rate(F,), 71.23-158.12 131.25-204.18
g/min

Fluidized bed 0.2 0.2
height(h), m

Total air-fuel ratio 1.0-14 1.1-14
(A-T)‘*v "

PAF(Q/Qp)***, - 0.85 0.7,0.8,09

*: gas flow rate at T,; divided by the cross sectional

area of fluidized bed

: air/fuel ratio normalized with respect to stoichiomet-
ric, that is, Ar=(m,/my)/(m./my),

: primary air factor at standard condition(0C, 1 atm).
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Fig. 2. Temperature variation with the operating time
(sludge A, Up=1.2m/s, T5=800°C, Ar=1.2).

71:(1 H/F,+ H;F:+ H,F,

o )xmo(%) )

3. A3 9 nFE

3-1. HA=Y =A

2742g AAE @ 1A zelder 9 Age a7t
staa s FA(AD) Y A gdmon Pz

ol 7FsdrE sk ool whek AA e
ntoz Hazge] o F A9 EAd8E T893
oful 7] wjF-eirt ol Hag A8 F719 &
7] (material balance) A ZH5-E] o2 7] (ener-
gy balance) & 4|9 dF(nlet)Z o= ¢ & 7(out-
let) % oA=& wlwslsl-s =, Azl =7 3
e 7% ohixel E7F ouix]r} zdotek Aol
2y E27F U7} 7 oA B =24 =4
L7staal she A9 A ddBgo e AR
gJo) B F glonz ek B xd g (auxiliary fuel)
& Fsloiolnt Hw, w2 F7F ouiAxd ¢

TZ olUx] 7} 227 HH AHdepe] YzeE 58l
291& AR FAAAE Hek o)Edt v
FANE AAbshed 28 A4 A5E B E8e
w3 v} gle}15, 17, 181

2 Aol AR stegeAd §55 A B

ZAE A5 galsly] g8 ddge] &2 £
3o

N

Boll jgt oluix] £ olgdos Asds W 1
AR Q)% shreeA ] Al Bedge] oa) Yy
EXR }ww T 4 Qedeh olsh e A A
gdoz stalshy) S18) £ ARARE A2 Aol
GE fE3 FYS L= 47z 27 puE
d%Hdog 234g ATE Fig 2¢ veplch & 49
A $HE ARstel ARE AHAL W

HWAHAK KONGHAK Vol. 30, No. 2, April, 1992



232 oA - ol71 - BT -

80 -

— sewage dludge A
60 + bed materisl

40

Cummuictive weight, %

20 -

1000
Particle diameter, um

Fig. 3. Typical size distributions of sewage sludge and bed
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1.2).
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Table 3. Effects of operating parameters on combustible loss, combustion efficiency, and emission of pollutants

Un Ar To Q/Qr Fo F (Cp F3 (Cy) SO. NO, n
(mfs) () (©) () (g/min) (g/min) (%)  (g/min) (%)  (ppm)  (ppm) (%)
Sludge A
08 12 800 0.85 71.23 28.12(1.10) 3.28(1.71) - - 94.7
1.0 1.2 800 0.85 88.32 33.97(0.98) 4.92(1.83) - - 95.1
1.2 1.2 800 0.85 105.41 38.58(0.88) 7.79(1.50) - - 95.6
1.3 1.2 800 0.85 113.96 41.10(0.74) 8.97(1.55) - - 96.0
14 1.2 800 0.85 122,51 42.48(0.61) 11.26(1.09) - - 96.8
1.5 12 800 0.85 131.05 44.75(0.74) 12.83(1.24) - - 96.2
1.2 12 750 0.85 111.11 40.63(1.83) 8.71(2.30) - - 91.3
1.2 1.2 800 0.85 105.41 38.58(0.88) 7.79(1.50) - - 95.6
1.2 1.2 850 0.85 99.72 35.92(1.30) 8.14(1.99) - - 93.5
12 1.2 900 0.85 96.87 35.82(1.07) 6.87(1.69) - - 94.7
1.2 10 800 0.85 126.51 48.44(0.95) 10.16(1.60) - - 95.0
1.2 11 800 0.85 113.85 41.30(0.81) 8.77(1.60) - - 95.7
12 12 800 0.85 10541 38.58(0.88) 7.79(1.50) - - 95.6
1.2 1.3 800 0.85 97.29 35.62(0.62) 7.07(1.35) - - 97.0
1.2 14 800 0.85 90.35 33.19(0.86) 6.57(1.73) - - 95.5
Sludge B
09 1.2 800 0.70 131.25 51.93(1.07) 16.78(1.84) 858 6.8 94.9
1.0 1.2 800 0.70 145.84 56.53(1.06) 19.84(1.98) - - 94.8
1.1 12 800 0.70 160.42 60.30(1.08) 23.70(1.91) 1046 9.2 94.7
1.2 1.2 800 0.70 175.00 64.52(1.10) 27.17(1.98) 1140 10.0 945
14 12 800 0.70 204.18 72.63(1.28) 34.57(2.01) 1193 16.2 93.9
1.2 1.2 750 0.70 183.56 66.25(1.12) 29.97(1.98) 1099 9.8 94.2
1.2 1.2 800 0.70 175.00 64.54(1.10) 27.17(1.98) 1140 10.0 94.5
1.2 1.2 850 0.70 167.21 63.55(0.85) 23.84(1.75) 1170 10.2 95.6
1.2 12 900 0.70 160.00 61.62(0.80) 21.97(1.56) - 10.2 96.0
1.2 1.1 800 0.70 190.91 71.95(1.23) 28.15(1.92) 1310 6.1 94.3
1.2 1.2 800 0.70 175.00 64.54(1.10) 27.17(1.98) 1140 10.0 94.5
1.2 1.3 800 0.70 161.54 58.91(1.08) 25.72(1.92) 925 11.8 94.6
1.2 14 800 0.70 150.00 53.88(1.09) 24.54(1.20) 830 124 95.5
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NOMENCLATURE

C; :combustible content in the sludge fed [%]

C, :combustible content in particles drained from
the bed [%]

C; :combustible content in fly ash collected by cy-
clones [%]

F, :flow rate of CO gas in flue gas [g/min]

F, :sludge feed rate [g/min]

F, :weight of particles drained from the bed [g/
min ]

F; :weight of fly ash collected by cyclones [g/min]

h  :fluidized bed height [m]

H, :calorific value of CO gas in flue gas [cal/g]

H, :calorific value of sewage sludge [cal/g]

H, :calorific value of ash drained from the bed
[cal/g]

H; :calorific value of ash collected by cyclones
[cal/g]

m, :molar flow rate of air [mol/s}

m; :molar flow rate of fuel [mol/s]

zeix ]
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Qr :total air flow rate [//min]

Q, :primary air flow rate [//min]

Q; :secondary air flow rate [//min]

T,y :bed temperature 0.2m above the distributor
[c]

Un :superficial gas velocity at Ty, [m/s]

W, :ash weight in the sludge fed [g/min]

W, :ash weight in particles drained from the bed
[g/min]

W; :ash weight in fly ash collected by cyclones
[g/min]

n  :combustion efficiency [%]

Ar  :ratio of total air flow rate to theoretical air flow
rate [-]

Subscripts

a :air

bl :bed

f : fuel

g :gas

s : stoichiometric

0 : feed

1 : bed drain

3 : fly ash

~3
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