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A Study on Leaching Characteristics of the Heavy Metal
in Melting Slag of Incinerator Ashes.

Young-Soo Han - Jai-Young Lee

Department of Environmental Engineering, University of Seoul, Korea

ABSTRACT

Melting is one of the most effective treatments for stabilizing heavy metals and also creates
high value by-products. In this study, authors evaluated the leaching characteristics of heavy
metals in melting slag obtained by incinerator ashes. In order to evaluate the environmental
compatibility of the recycled melting slag, the samples were analysed various leaching tests of
heavy metals with raw incinerator ashes, melting slag and the construction materials recycled
from melting slag. As the results: (1) The leaching concentrations of the melting slag were
lower than those of the raw incinerator ashes in the experiment performed in accordance with
Korea Standard Leaching Test (KSLT). (2) The heavy metal concentration of long term leaching
test, which was conducted in various pH conditions, were under the standard level of regulation
in KSLT. (3) The leaching concentration of mortar samples used for evaluating the feasibility of
recycling the melting slag as construction materials also shows the suitable range for recycling.
(4) The result of leaching test with the method of RG Min-StB 93,
FGSV (Forschungsgesellschaft fur Strafen- und Verkehrswesen) met the requirements in

German.
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Table 1. Physical properties of slag

= 2] A
Gs LL(%) Pl(%) A%) No.200%-3} ZH(%) EAdEFH FrAE
(cm/sec)

2.72 N.P. N.P. 14.5% 0.1 SP 1.2x 10"

N.P : Non Plastic, SW : Sand well graded
Table 2, Chemical composition of slag
CEC
4 A AL O, Sio, P,O; K0 CaO TiO, Fe,0,
(meq)
Z 2kl B8-(%) 8.45 35.21 3.14 191 27.21 2.38 22.28 4.7
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nspy, AdEnshd, ohEAY, S92
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2.1 Aae 54

B Ao 459 Az AL A7AE 7
1% kAl SR HE A7) 2747 v
3 oHlAbAelt), HE2E 7] 27 FHUH6,928
nt, &% 200ton/day?] AEAH 7] 7ot} &
4ol A AzbEle Qgad)r)e 20008% BT A
S ¥ 44.18%, 7HA% 35.91%, 3% 19.91%,
de<EF 2233 kcal/kg, AALEF

Rloox B

N
G

s

)

HE554d 39 A+ 25

1,574kcal/kg, BE7|H]Fo| 0.28ton/m¢] EA]
g 7| Eoltt fl9 22 A3 2HrE Akl
aae A7k - ouldA 85%, vlabAl 15%E E3st
o] 40kg/hre] £=2 °F 1400Ce &322 Fsia,
e 255 < 1500CE FRIAIFIH SFAIRIE
2 $2UHY FH7F AFH ool HH ER/
&to] 1300Ce] £=2 29 72 wizdcth g
EP1e TR F5 WA dxe s 3
Aelggle] AHEsid e, #A3 ARE A7
No 104 2mm) & B7AIA Aol o] &3}t Als
o] 7|24 BEAS

Table 13} 2t} &e)19] s8249¢ setelr) 9
& EDXA ¥4 (Electron Dispersed X-ray
Analysis) & ©]8-3l9 £48 Z#E Table 20 Vet
wed, < Si0, 35.21%, CaO 27.21%, Fe,0O,
22.28%2 e FFAEE AR e %
gl E Yeha glt)h Ee]l Bistasle ndvt
53 dol9 Z#(CEC: Cation Exchange
Capacity) & 7371 $13) E3utEEE o] &3t
CECE &3¢ 27 €329 CECE 4. TmeqEM &
AHAE 1] BFFATE FEHNEH e 1.65
g/aw, AZGASH 7,5 1.44 g/, T4 o= 14,5,
7H3H] e 0.892] 2722 A& 10cm, &°] 10cm

K

Table 3. Mixing fraction of the cement mortar

Mi rtion of fi (%
Item W/C ratio Cement : Fine agg. ix proportion of fine agg.(%)
Standard sand Slag
Sample 1 0.485 1:245 100 0
Sample 2 0.485 1:245 70 30
Sample 3 0.485 1:245 50 50
Sample 4 0.485 1:245 0 100
Table 4. Chemical composition and physical properties of cement
It Specifi
em Chemical Composition (%) Specific | P
Gravi Surface
ravi
Type SiO, AlLO, Fe, O, Ca0O MgO SO, Ig.loss 4 (cnt/g)
Ordin
a 21.8 5.8 3.56 60.6 3.54 2.6 1.0 3.14 3422
Cement
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o] AdA 3

E3AIE 1.2%10'em/sec

2.2 48w

221 HIIE SHAE Lo o5t 3% 82
AlE
A Tl ARt e TU ZFEEAEHY
(KSLT : Korea Standard Leaching Test) & ©o]&
st &EAEE AT KSLTHY 4&22712
pH 5.8-6.2¢9 &%, 1:108] zYy], 200rpm<
E52 oF A7 ARSI I oAS HAEE MY
2 3Ren, &3 9 §E3de A4 Ay

£ A % ICP (Induc- tively coupled plasma
emission spectroscopy : SHIMAZU ICPS 1000-
V)& ol&std EAsrh BAEE £8A1917]
A9 vieA|, v 2 F7HAE 85: 159 HlE R 4
oA &EAI7 Szt
2,22 pHoll & 352 7| E& 7=y #ot
27t 27k pHO &9 Fr|He R w24

27t RHEEAEE ©| 82 W F3&
A 2

9 $E3FE dotiy] 3l REpz FAAE

st 79, 289 FAAN F FESY §EFL
KSLTS olg3te] ddsldct. 2 Ao e &

1:1

#1e &§ AF FUeE F4 Ygsigenz &
goigo] FAEAZ AFLL & e Y=ETE e
ot B2 AR AZAY vES ZFA 2 &9
I8 3335l 471x] widu)el REEle ZAAHES A
23t Algel A3 R2etzol wign) 2 Al
EQ] EAL Table 3, 49 2t}

224 FIIAEA| pH wiglol| wWE Sajae] &8t

Nz}

£&Ed 7t Ae{7kx] pHe & F7Hoz =
ZEReH, Al 2ol oEA HEerte Lo}
Byl 98l pH 1, pH 3, pH 5, pH 7, pH 9, pH
119] 8o <& MY T A F i}f‘—f}”
24 WEE EDXA BA24 259t 85

qr) 1:102% sixlen, JHglol < A 3t %‘Xl
A71E B AR ez Jedhe FEEFE

ICPE ol&3t9 EAstih

i, 2559 £& 548 ¥olRy] 98t pH 1, 3,
5 7, 9, 118] gkt =719 &2 &g 1 225 =2e| 7lo|ezte!l RG Min-StB 93, FGSV
109 mefH|2 HARA|Z] F o 17§43 %5‘3 -3 o 8249
AR E golid e 48E T3t e8ae I 549 =2UF gloA AHgHE BEAARY F
A7) @3 §Zdd] ghHs] H)A sk Ad2olA] A #AE 93 sloj=2kl RG Min-StB 93,
AAANZA FAERE #4852 Pb, Cd, Cu, Cr FGSV (Forschungsgesellschaft fur Strapfen-
9] 43450 ICPE o]&3t F431th und Verkehrswesen) o= AZEEAS A8
2 AR S 7oz B AEIEE AlA sk
2.2.3 H=El2 SAHQ S35 A Ak ole AEHAVE A7AY 82 Y% 71EA
Table 5, Heavy metal leaching concentration by KSLT
2] (mg/)
Item Cr Cu Cd Pb Hg As
Bottom ash 0.031 0.343 0.015 0.497 N.D. N.D.
Fly ash 0.017 1.140 0.579 382.3 0.001 0.001
Slag N.D 0.017 0.044 0.237 N.D. N.D.
Criterion 1.5 3 0.3 3 0.005 1.5

% N.D. : Not Detected
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Fig. 1. Heavy metal leaching concentration of long term test with various pH.
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Fig, 2, Heavy metal leaching concentration of
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Table 6, Chemical composition of exposed slag with various pH

pH Percentage of weight (%)
Elements pH1 pH3 pHS pH7 pHY pH 11
AL O, 5.49 10.23 1043 9.98 7.99 7.78
Si0, 54.49 40.63 4047 40.66 35.76 35.13
PO, 471 3.65 3.18 3.03 3.05 2.76
K,0 0.92 1.70 1.72 1.70 1.86 1.82
Ca0O 12.45 24.81 25.14 25.25 28.13 27.81
TiO, 3.35 1.76 1.79 1.80 2.18 2.16
Fe,0, 15.33 12.38 12.63 13.22 16.02 17.10
i Als " Table 7. Leaching concentration in accdance with

3.4 A71AEA pH Wl |2 Sali19] 5hy =
Adwist

$8sdl 2t J27kA] pHY §9 A7|HoE =
2502, A 240] %A WHeertE Lot
B7] 88 pH 1914 pHI1 Atelel &dof LeaE |
A 2 AAAZ T HEHE 24 WsE XRE 24
< TR 1Y SRl 24 diE SO,
21.8%, CaO 60.6%, Fe,05 3.56%2] H]&Z =4
o] e, ¢ hgzte] sehgdate] HE2AT
Table 63 Z& B]&Z ZAJo] W3k pH 19
Me < SiO, 54.49%, CaO 12.45%, Fe,O,
15.33%< 24< 7FA9, pH7t pH 3, pH 5, pH
79] okbg © FAgHYME Si0, CaO, Fe,0y
o A7FA BEAo| Zizt oF 40%, 25%, 13%9) Hl%
g 23S eIt =3 9714 il pHI 2
pH 11leM e idE FAGdelAe] Axte] uls]
SIO,E #4dn Ca0, Fe,0. F7Iste A74A %
B9 A7t < 35%, 28%, 16~17%9 ZAE
2ok oY@ Axe A8 FEIZYF vwsld
B CaO9| vl&o] A Fo] HAAHA 2Au)7F ©

g
=

RG Min-StB 93, FGSY in German

Item. Slag Regulation Unit
pH 8.07 7-13 -
EC 4.95 250 mS/m
SO, 2.10 250 mg/l

Cl 5.99 30 mg/l
CN N.D. 0.02 mg/l
Cd N.D. 0.005 mg/l
Cr ND. 0.05 mg/l
Cu 0.06 03 mg/l
Hg N.D. 0.001 mg/l
Ni ND 0.04 mg/l
Pb 0.04 0.05 mg/l
Zn N.D. 0.3 mg/l
EOX N.D. 3 mg/kg
TOC 0.0007 3 wt%

* EC . Electric Conductivity
EOX : Extracted Organic Halogen
TOC : Total Organic Carbon

2oH4 Wisle] 49 BEo|E2 £ sk )
Aoz Azdn, 174479
o §22 Q% Aoz H4Y

|

+

3.5 | slo]=g}el RG Min-StB 93, FGSVe]
+=49

HEAE 52 gdsez Algshr] 98 =Y

9,]
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