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ABSTRACT : In this study, the environmental implications of electric arc furnace steel slag, commonly used in road construction
and soil reinforcement, were examined. Experiments were conducted to assess the leaching of heavy metals based on particle size
and to investigate ion leaching from specimens with varying mixtures of steel slag and clay. The official waste test revealed no
detectable heavy metals in the sample items. However, when subjected to leaching experiments and analyzed using ICP-OES, certain
heavy metals were found. The reaction of steel slag with water, facilitated by free CaO within the slag, was identified as the cause
of leaching. Results showed that aluminum, exhibiting the highest leaching rate, displayed an inverse relationship with particle size.
In mixed soil containing steel slag and clay, higher steel slag content resulted in increased aluminum leaching. Nonetheless, the
quantity of leached aluminum was notably lower in mixed soil compared to pure steel slag. Furthermore, leaching of other heavy
metals remained within acceptable limits. These findings suggest that recycling mixed soil of steel slag and clay for road construction
or soil stabilization presents reduced environmental risks compared to using steel slag alone. Utilizing such mixtures could offer an
environmentally sustainable and safe alternative.
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Fig. 1. Production processing and uses of the steel slag
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Table 1. Used analysis device

Photo image Device Model
ICP-OES Thermo scientific
(Inductively Coupled Plasma Optical Emission Spectroscopy) iCAP7400DUO
. HITACHI
Ultra High FE-SEM SU8220

6,000 ~ 8,000K 9] 11-g-of| x| o] 23}E AR} HIE 2 o]
=8} m WSt Bl 9l uksg e s 2Eke] 940
94 9 AR o] o] ok B4 Fulo|ckOfficial Test
Standards for Water Pollution, 2023). Z-8Fof2 = t]j7],

FUCHS, o4 ML 24, BRI

o3 <=3yt SEM—“?_—Q% SU8220(HITACHI)% ol gatick.
ZAAAH T A 2= 1| A|$E Gun Electron Source Z5-E]
QAR A 47} Aol EAELA olu) WA o

215-0] A metal coating

AolA e A=E WEsIol &

19} xﬂ e gsg st
otsl7] $ia) A
Table 29} Table 31} Zo] Al
ig. 30 Yehl it A&

&l Zx}Secondary Electron, Backscattered Electron, Cathode 9] B e 7] 95t H7FEAE-S R8st
Luminescence, etc.)5 ©|-§3to] Al& FEHO nAgt 25 Rom, A7HEAR 2 AAFERE &= AES WSt
shff, #Eshs 71712 Ayt Fekev| ) Blaste] 2afs ek
Table 2. Steel slag elution test conditions
No. Particle size (mm) Experimental conditions Analysis item
S1 9.500
S2 4.750
S3 2.000 Slag 50g + Water 500mL Se, Mg, Al, Zn, Mn, Fe,
S4 0.850 RPM : 30, Time : 24hr Pb, Cu, As, Cd, Cr
S5 0.425
S6 0.250
Table 3. Steel slag + clay elution test conditions
No. Steel slag (%) Clay (%) Experimental conditions Analysis item
SC1 10 90
SC2 20 80
SC3 30 70 Slag+Clay 100g + Water 1,000mL Se, Mg, Al, Zn, Mn, Fe,
RPM : 30, Time : 24hr Pb, Cu, As, Cd, Cr
SC4 40 60
SC5s 50 50
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Fig. 3. Jar—Test by steel slag content
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Table 5. Components of steel slag and clay
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Fig. 4. Particle size distribution curve of steel slag and clay

Table 4. Physical of G city river clay and steel slag

. Steel slag
Property River bed clay (Less than 19mm)
Moisture content (%) 41.60 2.58
Liquid limit (%) 31.03 -
Plastic limit (%) 22.46 -
Plasticity index (%) 8.57 -
Specific gravity 2.649 3.150
Fine-grained soil (%) 94.30 3.1
Uniformity Coefficient (C.) 13.35 17.50
Curvature Coefficient (C.) 1.34 2.80
- i Classificati
Unified Soil Classification cL Sw
System (USCS)
A& 100% Alie 5LEF0l 28] No.2004|
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ArdEdiet oA Tl 2 8 FH8EE
T QFE SEUH AT ARSI I= Ca0(34.1%)
+ MgO(21.5%) + ALO3(16.7%) + Si0x(13.0%) + Fex05(8.6%)
T 93.9%7F FAE o o, Ada et et HE
4 T EL Si02(67.3%) + ALOs(17.0%) + Fes03(4.9%)
+ MgO(2.3%) + CaO(1.1%) & & 92.6% -4-=o] 3Tk
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SiOz A1203 F6203 Kzo MgO Na;O CaO TiOz SO3 C] ons MnO CI‘203 F
Clay 67.27 17.03 4.91 3.79 2.28 1.70 1.08 0.82 0.78 0.12 0.11 0.09 0.17 -
Steel slag | 13.02 16.74 8.61 - 21.48 - 34.07 0.34 2.89 - 0.12 1.67 0.56 0.48
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Table 6. Official waste test results of steel slag

Analysis item Result Method
Pb Not detected
Cu Not detected
As Not detected
He Not detected Waste Process
CN Not detected Testing Standards
Cro+ Not detected (National Institute
cd Not detected of Environmental
Organophosphorous Research Notice No.
compound Not detected 2023-17)
Oil Not detected
Tetrachloroethylene Not detected
Trichloroethylene Not detected
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Table 7. ICP analysis results by steel slag particle size (unit : ppm)
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Fig. 7. Al concentration of steel slag by particle size

No. Se Mg Al Zn Mn Fe Pb Cu As Cd Cr
S1 0.006 2.097 13.531 ND 0.001 0.002 ND 0.011 0.006 ND 0.002
S2 0.002 2.250 26.746 ND 0.001 ND ND 0.002 0.003 ND 0.002
S3 0.004 1.007 52.573 ND ND ND ND 0.005 0.007 ND 0.005
S4 0.005 0.680 67.003 ND ND ND ND 0.006 0.009 ND 0.006
S5 0.008 0.450 90.080 ND ND ND ND 0.006 0.008 ND 0.011
S6 0.008 0.639 87.465 ND ND ND ND 0.006 0.007 ND 0.011

% ND : Not Detected
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Fig. 8. Heavy metal concentration of steel slag by particle size
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No. Se Mg Al Zn Mn Fe Pb Cu As Cd Cr

SC1 0.002 1.574 0.339 ND 0.002 0.043 ND 0.033 0.020 ND 0.003
SC2 0.002 1.161 1.513 ND 0.001 0.035 ND 0.030 0.016 ND 0.003
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% ND : Not Detected
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