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Abstract

Co-combustion of sludge with coal is proposed as an aternative option for sludge disposal instead of ocean dum-
ping. Because the combustion of sludge can cause emissions of various air pollutants, it isimportant to understand
the characteristics of sludge combustion flue gases. Especialy, very few studies are found to investigate mercury
emissions from the co-combustion of sludge with coal. In this study, coa and sludge samples were prepared with
different mixing ratios. These samples were combusted in a bench-scale combustor, and their flue gases were ana-
lyzed. Due to higher mercury content in the sludge sample, higher mercury emissions were found with an increase in
aratio of sludge to coal. Compared to the combustion flue gas of the coal sample, higher levels of mercury oxidation
were found in the combustion flue gas of the samples including sludge.
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Fig. 1. Schematic diagram of combustion apparatus.
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Table 1. Elemental contents of the samples. Table 2. Summary of experimental conditions.
Coal Sludge Item Conditions
C (%) 65 28 Fuel Coal : Sludge(1:0,5:1,4:1,3:1)
H (%) 4.2 45 Fuel injection rate 0.321~0.360g/min
N (%) 1 37 Air/fuel ratio 13
S(%) 0.3 0.5 Inside diameter of thereactor 3.6cm
0O (%) 11 22 Height of the furnace 80cm
Cl (ppm) 30 6000 Temperature inside the furnace  950°C
Hg (ppm) 0.08 0.87 Air flow rate 3L/min (at 20°C)
Fe(ppm) 4489 20641 Test time 5minutes
Cu (ppm) 6.32 302
Ca(ppm) 11276 9989
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Fig. 2. Calibration between the rpm and fuel injection rate.
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Fig. 3. Concentrations of CO,, O,, NO,, CO and SO, in the combustion flue gas of (a) coal and (b) coal: sludge=1:1.

2~o HM

3.3 2 &4 Zx

2 AN davts BA7)15 o83 A%
g}7) Ontario Hydro MethodE o] &3} wj&rts &
Zno5 BAMELYIT) ool A] AL ule)l 7o) wjZr}

F ARG Qaies THS] BAse
,3A%E vetes 5e9) A ﬂﬁghiﬂ} +
o) Asheg AT 123 YA T o
A Ackoz 3] Ame] met dhifoel N
gdzruz wErtae] FHeJits s EEle] 7
A= ARt 18 4% 72 Azl w3t
4% Ata BASEE 7|EoR AAE 7Y 2
o AF NEFEE el S, s e
o) 7% 3augNm, A5k} oA £3] 5:19] A
2ol A 44ug/Nm?, 4:19) A 2ol 4 6.1ug/Nm?,
3:19] AgelxE 75ug/Nme] IF wlEs=s

o 2 I

e =2
o =

eI i 48 Fael e gEAe) gk
2 qlsfe] 0] wjZo] Z/13He HeFE Aot

2 Aoy 7k Alzel FhE e ’*°°1 <k
A 4sle] 100% 7faAte s wlEEcy 71 ske

=
lg_—‘—a

, 4% A4 B A ZEoem 20 wiE
£ 10~32ug/Nm® )7} =Hojo} g} o]e] n)

off o 2

~

ng+
[ m Hg°

:jll

Coal : Sludge Cod : Sludge Coal : Sludge
=5:1 =4:1 =3:1

Mercury concentration after
O, correction (ug/Nm?)
(A) N (6] (2]

=

Fig. 4. Elemental and oxidized mercury concentrations
after O, correction in the flue gas for each tested
fuel sample.

Sl AgoIN B ey peE yu e
w=eld], ol Arrape] s20] Aol £ e
tzﬂ?%'a‘ oujstar, A F A EA3 2
A= & & Qs ey 2 A} 2o
tube furnaced]el] 47]e] EXAF ul=tAl e} v]Akz)

B FEI] o3I, AFA A

)

J. KOSAE Vol. 28, No. 2(2012)



188 ZIA & - ANE . A - A

35

Mercury oxidation percentage (%)
= = N N w
o (2] o [$2) o a1 o

Cod Coa : Sludge Coa : Sludge Coal : Sludge
=5:1 =4:1 =3:1

Fig. 5. Mercury oxidation percentage in the flue gas for
each tested fuel sample.

A jAduel| A 2AHBR, q7M= Tk
ol AR =S g

5t 7k dmel Haked A () wet At
IR
b Asel ezl Eils 40
o APk} viebd W 4
R R R
E}Eﬂ b ol seine] Egtes
Z 520 A3twrl Z271EE e = A
o] =2 odisteky) A, 1] ekl 7)
s ez B T XY 4] }
Yol webiie e s dsth g
YR GRHE A ool 4
Szel Befsie Aol Ras] AEO sl
o X 7<-1 _'a] ____/] ‘6]—\3]:0]

S A E Fod AdAE F ?ﬂ"}ﬂﬂ
ok Zb el Fhtel whel 22 *&i‘rEJ} A
obdE BT EYE
2] Aztele dX]gket (Wang et al., 2009; Kilgroe
et al., 2001). ﬁa]z B Ao Yehd £29] A
F=f 9] o2 3 (Paketal, 2008)ell 4 M=t
o] =Y Aie] da] Bugt 0] Absk=o} FAREE
A3E vl

-
1‘ e Lé ma
T o

o

li e

A~

2 orlo (L 2 oo &
\*> &
ml> T; mz

_L.4

<k

(RS

4.4 B

£ d7Me sheseEAE Aee] HEdse
gl duAstsge W AT ool Wt
2 Aty Rl ARAFRE] A4l Drop tube

st 7)13 7 81 3] 2] A 28 A 2%

furnaceﬂl S AfFAITe] 53] 60~80%2]
di2EEE vePgl o, A =rt Azl wet
AA 5 leE‘—"— g 4 ik ek AP
daA =7t A FAEHE W9l A=k &9
19] &38tv] 5:1,4:1, 3: 15} Mel g A|2E o

43le] pIEe 20 A wiEF s Ak &
d A4 Al 34ug/Nm®, Mels} Zz&eix] 5:1u]&
o] F3 S A4S AS 44ugNm? 4:1 &
A gel] A= 6.1ug/Nme, 3:1 E3A| 5o 3
Me 75ugNmP2 Jeht &3x] E3n)7t Fohe
5 2 iEsErt S-S RdFn)h v
2o Azt Mul 9 d4e] 7S of 20%E
vehlx, £289A7F s EPAESY dielAM e
27~31%2] WslelM M= vt Asles »eloh
o] AFEL LA E HedRz ouvX|F}
2] WE57t d]”ﬂoi ool w}hE
Hogke o 4 glvh ey 29 wiEs
S| aE, A A oz A7} J&olﬂ Absh>
= ¥ 2718 Aoz AT ER 524
RN Sold Aoz ARF Y.

N

_?{_Al

flo it =
fo o 2 orlr
N
N

2
2
£

=25 (2008) 53 27tz olA slEElR gl RDFY &
Fd4 2 7tx wiE: B4, A9 e walkshe]

=

o] ¢+7-(2007) s&el#] whEHE2 H}°liUHi duzre]
frao|gol I3 72AF, T MApEks)
=

o] 73 (2006) 191 A vl 3 A1§8 Furnaceo| A o] 42
$E N EABAT, A S HAFE R

27437 (2008) 31522 FA.

Amand, L.-E. and B. Leckner (2004) Metal emissions from co-
combustion of sewage sludge and coal/wood in flui-
dized bed, Fuel, 83(13), 1803-1821.

o

hia
b

¢



Duan, Y., C. Zhao, Y. Wang, and C. Wu (2010) Mercury Emis-
sion from Co-combustion of Coal and Sludge in a
Circulating Fluidized-Bed Incinerator, Energy Fuels
2010, 24(1), 220-224.

Ha, S.A. (2009) A Study on the Characteristics of Combustion
and Manufacturing Process on Refuse-derived Fuel
by Mixing Different Ratios with Organic and Com-
bustible Wastes, J. of KOWREC, 17(1), 27-38.(in
Korean with English abstract)

Jung, J.S. and S.G. Shim (2009) Mercury Research and Mana-
gement in Korea, J. KOSAE, 25(2), 99-107. (in
Korean with English abstract)

Kilgroe, J.D., C.B. Sedman, R.K. Srivastava, J.V. Ryan, C.W.
Lee, and S.A. Thorneloe (2001) Control of mercury
emissions from coal-fired electric utility boilers: in-
terim report, U.S. Environmental Protection Agency,
National Risk Management Research Laboratory.

Kim, K.S., Y.N. Park, and J.C. Chung (1999) Recycling of
Sewage Sludge and Study of a Policy Plan, J. of
KOWREC, 7(1), 79-91. (in Korean with English
abstract)

Lee, D.G., H.Y. Shin, H. Kwak, and S.Y. Bae (2005) Co-com-
bustion Characteristics of Sewage Sludge and RDF

Mt &eAe] EFgALe) o

et

wl] A 189

rl
rlo
iy
A

s
e

(Refuse Derived Fuel), J of KSWM, 22(6), 533-540.
(in Korean with English abstract)

Park, JM., SB. Lee, M.J. Kim, J.P. Kim, J.C. Kim, SJ. Lee,
and S.H. Lee(2009) Study on the Emission Charac-
teristics of Heavy metalsin sewage sludge Incinera-
tor, J. of ESE, 24(3), 19-27. (in Korean with English
abstract)

Park, K.S., JH. Lee, JH. Kim, SH. Lee, and Y.C. Seo (2008)
A Study on Emission Characteristics of Mercury
from Coal Combustion at a Lab-scale Furnace, J.
KOSAE, 24(2), 238-248. (in Korean with English
abstract)

Sim, D.H. (2002) Results of recent field program in atmospheric
diffusion, J. of KOWREC, 10(3), 17-20.

Wang, Y., Y. Duan, L. Yang, C. Zhao, X. Shen, M. Zhang, Y.
Zhuo, and C. Chen (2009) Experimental study on
mercury transformation and removal in coal-fired
boiler flue gases, Fuel Processing Technology, 90(5),
643-651.

Werther, J. and T. Ogada (1999) Sewage sludge combustion,
Progress in Energy and Combustion Science, 25(1),
55-116.

J. KOSAE Vol. 28, No. 2(2012)



