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Leaching Characteristics of the Heavy Metals Contained the
EAF Dust, after Fixed with OPC

Ki-Hyup Hong, Sun-Ku Park and Nam-Woong Lim"
National Institute of Environmental Research

Eunpyung-gu Bulkwang-Dong 5132, Seou! 122-040, Korea

“Chung Ang University, Department of Environmental Engineering
Dongjak-gu Huksuk-dong 221, Seoul 156-756, Korea

Extracted heavy metal(Cr, Cd, Cu and Pb) concentrations were compared each other by
particle size, ratio of additive materials, kind of added materials. Samples used for this
extraction study were EAF Dust from Electrical Arc Furnace, Bottom Ash from Electric
station, Steel slag and OPC(Ordinary Portland Cement).
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methods by KOLP and JOLP. Leached Chromium(Cr) concentration increased with decrease of

pH and pa‘rticlg size. It also increased with increase of the additive slag, but in
Ash it showed contrary results to the above ones.

Other heavy metals(Cd, Cu, Pb) showed N.D(Non Detected) from this experiment, and pH
leaching solution affected the extracted metal concentraions.

Using leachate and recycle of the fixed EAF Dust is safe on the fixed material.

Key Words : Leaching, EAF Dust, Slag, Botom Ash, Heavy metal
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Additive OPC Buétgg [S‘lb;g or Water W/C
Mix. NS (g) Weight(e) (©0) (ml) Ratio
Mix-0 760 0 0.0 330 0.46
Mix-1 741 19 25 350 0.46
Mix-2 684 76 10.0 395 0.46

Mix-3 608 152 20.0 3% 7046
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el R AE TolGF/OE dH33te §E3AFE
HAAo g sl FFEHE ICP(UInductively Coupled
Plasma-Emission Spectroscopy)® #2138} tHICP
BZ2A, Rf Frequency 4068 MHz, Nebulizer
Type ' Concenrtic Pneumatic Nebulizer, Coolant
Gas Flow-Rate @ 12 L/min (out), Nebulizer Gas
Flow-Rate : 0.3 L/min, Simple Uptake Rate : 1.2

mlL/min, Spray Chamber : Water Cooled). Fig. 1
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Table 2. Moisture content of Solidified material. | ®’0 ommoler
| ANZHgee US| Bt () |
Bottom Ash or Steel Slag Wet% I .
Mix.No Weight(g) (%) e | Z§% + HOIg 78t 80 (pH 58~63) 1
_ 0.78 |
Mix-0 0 00 2.18 | 11 10WY)2l BBz E8 |
Mix-1 (B) 19 25 197 |
1.31 A2, Atotslol FET| ALR
N AgE S 2003)/2, I 4~
Mix-2 (B) 76 100 L78 (@% el 2009/ A7-8em)
.19 |
Mix-3 (B) 152 200 2.68 [ e * 95 dg # |
2.14 l
Mix-1 (S) 9 e 2.32 [ 042 (GF/C 0.Lum) ]
1.17 [
Mix-2 (S) 76 100 o I A EIV-*%‘%‘ |
Mix-3 (S) 152 20,0 %’22 | 5349 558 5% |
- - * 48 85% o]l Alge] ds) “15/100-D'S BA
* Mix (B) : Bottom Ash &7}
* Mix (S) : Steel Slag #H7}t Fig. 1. Korean(Japanese) Official Leaching Procedure.
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pas
mm °|3HE 3 F HFY3) 50 g& Eof FFT

o) K= = & ~AITE =K E
oF 1000 mlE ¥o] pHE £43tT oAEHIE

Sinyo Pure Chemicals CO.)-& 3 7}A#A pH 2.882.
2 243 g Sujel ARY &

<+ 30 mmoE 18417 A& EEo Ade B
A3t Fig. 28 ©] e =A1g 3

Table 3. Concentration of heavy metals in EAF

Thict T eachata

17U LA GURIALC.

Element Standard Permit (mg/1) Concentration (mg/1)
Pb < 3 933.00x04
Cr <15 6842102
Cd < 03 758101
Cu < 3 55.85+04

Table 4. Chemical composition of EAF Dust(%).

Compound Si0z- Fe0z MgO  CaO SO

Ratio(w%) 4.60 64.80 050 6.30 0.70

[ &8+ + 248 Jh8t 80 (pH 5> 283+005) |
i Table 5. Chemical composition of Bottom Ash(%).
| 1:20WV)el B8R B ]
l Compound (a(C Divz AlOs LenJs K0
18AIZE BT elszig % 175 5845 2125 967 2.8
(30 rpm)
| of2} (GF/C) | Table 6. Chemical composition of Slag.
| . ' '
Compound S ALOs  CaO T-F
{ N2 (o) [ TPOUIY 102 203 al MgO e

3. 2% ¢ 23

3.1. EAF Dust, Slag, Botom Ash, A|%IE <]
sietA A&

Pb-“— 9}‘ 310#, Cr‘_ 91‘ 454}, Cd2 ¢F 254, Cu
o

A=
L

A O =

anll Axz AFE 22 FEe FE5E s}

Ro g eyt

Compound  KzO Na0 TiO: MnO

% 14.70 149 3670 917 2170

Sulfur

%6 0.54 2.18 1.50 5.04 0.04

Table 7. Chemical composition of Cement.

compound Ca0 Si0: ALO; FeOs K:O SOs MgO
% 6311 188 672 363 107 333 363

32. £ 9H(KOLP & JOLP, TCLP)®l| &%t
£E54
Sta(QPE) @ n|FoA] Alsstz e £F A

= x [+4 AN =

3 Wel &3 EAF Dust 32
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Cr+iH0 = Cr(OHx +i H (1
Bi = Cr(OH) [Cr] / [Cr] (2)
Kso = [Crﬁv]max / [HY]n (3)

o7l A Cr : ZBo|
H : 4ol
Bi : formation constant
Kso ' solubility product

Table 8. Concentration of heavy metals in the

leaching methods.

KOLP & JOLP  TCLP

Flement Mixture ppbug/) ppb(e/l)
c Mix-3 (B) 2012 24109
T
Mix~3 (S) 55+0.4 65+04
Mix-3 (B) 3 3
Pb
Mix~-3 (S) 1 1
Mix-3 (B) 4 9
Cd
Mix-3 (S) 4 4
Mix-3 (B) 22 22
Cu
Mix-3 (S) 21 23

1Y * Rattam Ach 20N X 7LAlI=
L¥/ - DULLUILLL A0 A0 = R | [

: Steel Slag 20% H7M&E

Pb ppb
L R L I 7= TS . "IN B - =)

70

50 |

-~
2 40 |

=%

=3
USO

20

10

=]

[OKOLP & JOLP 8 TCLP |

Mix-3(B) Mix-3(S)
(a) Cr

|{OKOLP & JOLP S TCLP |

»a
=3

Mix-3(R) . Mix-3(S)

(b) Pb

OKOLP & JOLP B TCLP |

Mix~3(B) Mix-3(8)

Mix-3(B) Mix-3(S)
(d) Cu

Fig. 3. Concentration of heavy metals in the
leaching methods.
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2.5, 10, 20 wt%) 5% =T €1 v g &
Al 21 A3 rl 31 T EEANAT -1 e vl Al T e 2] 1)
Vet W U5 S YRV /T oA T
= (KOLP) 2 P|S(TCLP)&&WY EFoA =
o} Htt 199 FF4¢ |, F=H-& EAF Dust
GG A FrjEe] A& HIUTE A& Table 9

o} Fig. 40 JeERAATE

Table 9. Concentration of heavy metals with an

additive(slag).
KOLP
Mixture Mix~0 Mix-1 Mix-2 Mix-3
0% Slag 25 % Slag  10% Slag 20 % Slag
Element {ppb) {ppb} {ppb) (ppb)
Cr 24+13 49+0.7 54107 66:0.8
Pb 2 3 3 3
Cd 3 4 4 4
Cu 22 25 22 2
TCLP
Mixture Mix-0 Mix-1 Mix-2 Mix-3
0 % Slag 25 % Slag 10 % Slag 20 % Slag
Element (ppb) (ppb) {ppb) {ppb)
Cr 31109 81+1.2 8708 99+18
Pb 2 1 3 3
Cd 3 4 4 4
Cu 22 22 23 23
Ao olfE &2 e H7E F7tol e
ARl AgEEHEF 7MY FHE AT A
E Z-go &g AZtolA] BAH AHES] FAE
2 Ca0, Si0q, AlOs, FexOs 59 ASER A, ol
2 H7kAle] AdE 3FE-E et AHEE B
7} whg-3le] 31288 BdA SAsIA Hed,
o] wWl CoS (2Ca0 - Si0z)¢} CsS (3Ca0 - Sid2) 9]
8} Mg Al FAHBH(CalOHyel TATEZH
P43 vEe e Ao A 4, 4 52 AW

Cr ppb

Pb ppb

[T CYRNCN -
T

Cd ppb

S N B @ ®
T

Cu ppb
cBRBBELRIE8E

Fig. 4.
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Slag ¥l &

(d) Cu
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additive(slag).
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2(3Ca0 - Si0:0) + 6H0
(tricalcium silicate)

— 3Ca0 - 2Si0: - 3H.0 + a(OH)2 4)

{calcium silicate u_y’ ate gel
2(3Ca0 - Si0:0) + 4H0
(dicalcium silicate)

— 3Ca0 « 25i0; - 3H0 + 3Ca(OH). (5)
(calcium silicate hydrate gel)

REEA el Helezl A £&49 ol A
¥ TasbEE(CalOHp)e] &7leld 8738 =4

Slel FHCDS) 2N FlddTh ol B &
Ao Hrbgol Be4S FUHoz Adewg
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o) kA WA Ba zw AHE g

W a3 el Y AL =Y ) v —

N1 &3 I8 E

olAe "l go] ol wel HErt F4gc)
2} Bottom Ash7F ¥ E 2] ¥l &80, 25, 5,

10, 20 wt2%) T5%(Cr)s %+ Bottom Ash®] H]

(OPC)¢t 414 A4 F3hibdA A8 Sz
#(Ca(OH)}) ¥ Bottom Ash(E&¥)7h W3t
Ca(OH)z S -’F’Li} ARIE sskAe] 3L

ust A4 w AE FFE] B 1A A
7]-‘5 Aog2 Als¥Et, A3 Table 107} Fig.se
Lrebu gL o} 12

CH+S+H — CSH  ®

CH+A+H — CAH (7)
(Calcium Aluminate Hydrate)

Tar Cr

100

!X)-

o |

ot
o &F y

Q. 50 F

Ba ‘\ﬁ\‘\
ot

0r

0

2.50% . 10% %

Bottom Ash H}&-

Fig. 5. Concentration of heavy metals with an
additive(Bottom Ash).
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o] golde we) FFHCne £E3FEE 24
G i= EAF Dust 349 9473 =i £53%5s=
o]+ Bottom Ash®] Aol ¥ &9 EAHS TCLP 438& F3lA Aagstid. 3L 7o)
Adri= Zeltlh Bottom Ash7l EEA=AWE e N7t Ad¥es Be Cr £ BES 4
Table 10. Concentration of heavy metals with an additive(Bttom Ash).
TCLP
Mixture 1 (25%) 2 (5%) 3 (109%) 4 (209)
Element (Bottom Ash){ppb) (Bottom Ash)(pph) {Bottom Ash)(ppb) (Bottom Ash){ppb)
Cr 56+1.2 51+0.8 45+0.8 256%+1.7
Pb 1 1 1 1
Cd 4 4 9 11
Cu 22 22 22 25
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Téble 11. Concentration of heavy metals for

particle size.
TCLP

Element

Size 7~5 mmipol

Slag Mix-3(20%)

Slag Mix-1(2.5%)

Cr 6519 P+21
Cd 4 4
Pb 1 3
Cu 23 23
Cr 58+1.3 81£23
Cd 4 4
Pb 2 1
Cu 21 22

Cr ppb

Fig.
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. Concentration of Cr for particle size.
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