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A Study on Behavior of Heavy Metals during
Waste Incineration
Yong-Yi Park and Chul-Goo Hu

Dept. of Marine Environ. Eng., Cheju National Universilty, Cheju 690-756, Korea
(Manucript received 3 October 1996)

The incineration tests of mixed industrial wastes using the stoker type incinerator are carried out to
investigate the partitioning characteristics of heavy metals during incineration. The results obtained

from this study are as follow.

The partitioning characteristics of heavy metals throughout this incinerator are found that, at given
condition of 7007, the elements with the relatively high boiling point such as Cr, Cu and Pb are
partitioned into a bottom ash, a fly ash captured by cyclone, and a flue gas stream, 67 -88%, 2~19%
and 6~16% of initial amount entering the incinerator, respectively, but the Cd and Hg of 75~81% is
vaporized into the flue gas. It appears that the partitioning characteristics according to the particle size
of ash is different between the bottom ash and the fly ash. For bottom ash, the fraction of partitioning
into 75,m oversized particles is relatively high. For fly ash, the characteristics of distributions with the

particle size can not be clearly shown.

Key words : Patitioning characteristic, Heavy metal, Mixed industrial waste, Incineration, Fraction of

partitioning.
.4 £
ANEY AEgoze AEE, Ay 24 &

7} 5ol gl ML= e AV Ax
Eokulgl e i #Rrl g2 @& ¥ ofzt
Ecoko do|y 23l 29 E2] 254 24 &
bl 9 BAFe] Ardz olchES,
1992). wl2tAf #17] 59 A zheks} rA A
A7 o A9 Aol Fo] Zoa] A7t
2% Aaiuge] 7H A digtew F7t
% 2 g9ltHChang & Biswas, 1993 ; Takeu-
chi, 1986). 7128 2784 =4 dA71g F
o ‘& 3 Are AFIA

-3 5] o
(bottom ash), |43 XN(fly ash), As7}20l

= LA 1-]
7TE FESAE

T A
FTEH

X,

e s o

&

9 54,
Haloh dirtage
24l AY AR A 2
#F g dlerng o]l2 ¥ drled
# 5 7 9lci(Stephen & Gordon,
Greenberg et al., 1981 ; Esko & Pakkanen,
1990 ; Ho et al., 1991). =3 47} F 4%
A= ¥t AEAHR o] &3l = =
o] ¥ o] ez 51 gl et oA d-FdA | 3l
SR AL Ee s Eokl WYt
A AAIcHEH AL F, 1992). 27 AbR
3] af et w|AbE] A T2 FHFEAEL F A 2o
g XA AEFel o 52 5 ol o
2 Qe Eofolvt A&t Fo] 295 o] 37
td e 71§27 AdHiEA, 1992).

785



q},ﬁ.o].‘

o

olg} ol #H7E A7 fbslE FEE L
A9 o] ¥y wiel 7| E A7t
G2 FFE5AAE A% MESA, A g
FEEA Sl 3¢ AT cheksAl o] Feix
7 9JchHLee, 1992 : Lee, 1988 ; Litt & Tewks-
bury, 1981 ; Fernandez et al., 1992). 124}
ol & HFH& g, Aur g Az
9] A:7tol WE odgoln], Ak w7 B 274
FTEEAAE Aso AY A7 olF vlFF
Al A o]t}

wrebd B dFelde AR A E
AAaAYE Fil QLR & FFEARL
A A EE Fetslz ole} o} gw] AT &
25 o] &3] A7) &Y A EE WA
o2 H1E Fol gdFE e TIFEA
Fol aztHA oA oul g Hulin] &2 M E ==
A g AR 71 92 AAE Ed R 9]
F A FEEAAEY ASEALE Holstazt

At

o

3]

1>

HExX A ey
2.1 AEAEX
Foll Ab2E 22t2E 27N A7ZtER
2] M= Fig 1o viebyon A4
A8 57 F7FF7] AARY xS
A7), 3 MEFF 522 FAE gt

Fig. 1o}l Yebd A& 714 422t 2 & w3 7
3 Sl Ao g Hr)Eo At
3k A Fgle] 7bgdt F22 ARFAFA A4
Aol B ZAFT Yol A= e AV E
HAAA AFAL A¥E 5o, Are 124
2A 988 3t 13 dade AR darta
= i 93E ZAsle A A(cyclone)2
FRIEE FAH o) daA s AFA
l AN d71EL dA71E FAT Sl Q3

AE ol &3] A AN F N2 AF F7)
AR-ZE Aa F71E A Fl A b
o] ©13lE 22 A7|5, olu WAH A{I
4}% AxA R False] A3 TFHE
Z1oll SJalA] BA dAv) o] FojAH 5
915% AAHEG Y =3 Ahrlaes 14 A4
AL AH AdinAS A ARAAAM s
2719} EgE9EA vl EEo] AMditE 4 9l
EE stgod, wirtaFe) B4 s A
HEE sgr). 27tz $AA IR Qg 8

oy
oX (R

Ry X m\m
F) e N{U i

OH

Fig. 1. Schematic flow diagram of stoker type
incinerator used for this study.
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Table 1. Composition of mixed waste

Component Fraction (wt. %)
Waste synthetic polymer 61.80
Waste leather 9.60
Waste rubber 5.60
Waste oil 23.0

Table 2. Analytical data of mixed waste

Item Component Composition
) Moisture 9.43
P;Z):S;t: Volatile matter 74.40
(wt:%) Fixed carbon 8.04
Ash 8.13
C 65.69
Ultimate H 3.44
Analysis N 9.32
{(dry basis, S 1.09
wt. %) o) 443
Ash 11.03
Pb 49.38
Heavy Cu 14.98

Metal As -

Content Hg 0.67
(eg/g) Cd 1.65
Cr 157.13
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Fig. 2. Concentration of heavy metals in residual
ashes from waste combustion in the
muffle furnace.
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Fig. 3. Residual and vaporizing fraction of heavy metals with combustion temperature during waste
combustion in muffle furnace. (Mo : total mass of heavy metal in waste, Ma : residual mass of
heavy metal in ash, Mg : vaporizing mass of heavy metal during combustion)
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Table 3. Concentration of heavy metals in the ashes from stoker type incinerator

Metal concentration(ug/g)

Feeding Operating  Ash discharging
rate(kg/hr)  temp.(C) rate(g/hr) Cu Pb cd Cr Hg As
30 700 B-A 3500 85.8 373.0 2.2 1099.7 14 N-D
F-A 105 795.6 881.6 21.1 1052.4 32 N-D
25 800 B-A 2,200 714 250.0 14 1270.9 1.3 N-D
F-A 106 895.4 3089 24.6 793.2 2.8 N-D
Raw waste 15.0 494 1.7 157.1 0.7 N-D

B-A : Bottom ash
F-A : Fly ash
N-D : Concentration below detection limit.

Flue Gas

Fg X Cg = Mg

CMg = MgXIOO/Mo
Waste Cyclone Ash
Fo X Co = Mo F2 x C = M2

Cwmz = M2x100/M,

Fi XxC =M
Cm1 = M1 x100/M,

Bottom Ash

Fig. 4. Mass balance of elements during waste incineration.
Co C1» C, C, : Metal concentration in waste, bottom ash, fly ash and flue gas(:2/g)
Cun Cuzr Cug : Percentage of metal in bottom ash, fly ash and flue gas to Mo(%)
F,, F., F, : Mass of bottom ash, fly ash and flue gas(g)
M,, M,, M,, M, : Total mass of metal in waste, bottom ash, fly ash and flue gas(ug)
M, = M, + M, + M, Cyyy + Cyz + Cyyg = 100%
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A}E 2 o Cr AES 229 A2 7oA
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Fig. 5-1. The partitioning of selected metals during waste incineration.
T, Flue gas ; |, Bottom ash ; —, Cyclone ash. (Unit : %)
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Fig. 5-2. The partitioning of selected metals during waste incineration.
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Fig. 6. Particle size distribution of bottom and fly ashes from stoker type incinerator.
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Table 4. Metal concentration in bottom ash fractioned-size from waste incinerator

Operating Particle Concentration(ug/g)
temp.(C) size{/m) Hg Cd Pb Cu Cr
< 38 0.1 54 1015.8 168.7 4678.7
38~53 1.7 3.7 510.1 107 73.6
700 53~75 1.1 3.0 407.7 76.1 423.9
75~130 1.0 1.8 567.9 63.1 249.3
150~ 250 1.0 1.0 131.2 27.1 2779
> 250 1.8 19 292 93.6 1240.5
< 38 1.2 55 613.1 216.4 11460.8
38~53 45 48 241 190.2 425.3
800 53~75 1.4 3.5 3711 156.7 1634.4
75~150 4.4 27 316 162.7 2216.5
150~ 250 1.2 1.7 335.8 85.3 970.4
> 250 0.5 0.4 194.7 26.2 558.2
Table 5. Metal concentration in fly ash fractioned-size from waste incinerator
Operating Particle Concentration(ug/g)
temp.(T) size(m) Hg cd Pb Cu Cr
< 38 1.2 24.4 933.1 963.7 1048.6
38~53 6.9 19.6 50.7 1075.9 1230.7
_ 53~75 1.1 21.0 4226 818.6 1637.9
0 75~150 0.1 20.0 869.7 482.4 833.8
150 ~250 12.2 23.1 2674.2 812.9 10144
> 250 1.1 17.2 398.9 709.7 726.0
< 38 2.1 36.6 267.1 1017.8 1003.3
38~53 4.0 30.6 248.2 984.5 803.9
53~T75 2.1 189 275.7 703.7 837.8
50 75~150 1.8 206 309.7 852.5 769.8
150 ~250 1.1 242 293.8 938.7 786.0
> 250 4.8 214 4615 874.3 636.8
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Fig. 7. Fraction of metals in each particle size range of bottom ash from waste incineration at 700 7.

(Ma : total mass of heavy metal in ash, Mai :
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