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Table 1 Properties of steel slag used in laboratory experiments

Slag-1 Slag-2 Slag-3 Slag-4

Particle density (g/em®) [3.18 3.51 3.03 2.77
Natural moisture content (%) 7.1 1.1 6.8 7.7
Particle size distribution

Sand fraction (%) 96.5 97.8 88.5 85.9

Silt fraction (%) 3.5 2.2 11.5 14.1
pH (@) 12.6 12.5 12.4 10.3
Electric conductivity* (mS/cm) |6.13 3.96 2.97 0.88
Redox potential* (mV) —60 —40 —22 98
Total content of fluorine (mg/kg) 19,500 4,300 1,500 530
Leached concentration of fluoride** (mg/L) 3.19 1.33 0.71 0.30
Leached concentration of boron** (mg/L) |N.D. N.D. N.D. N.D.

*: Value for the solution according to JGS 0211-2000 (Test method for pH of soils)

**: Determined by JLT46, N.D.: Not detected



Table 2 Leaching test method

Test JLT46 | pH-dependent test |  Serial batch test Availability test Column leaching test
Testing type Batch [Batch |Batch Batch Flow through
Leaching vessel 10 polyethylene bottle 10 glass beaker Column (¢=6 cm)
Sample particle size  |<2 mm <2mm <2mm <125um <2mm
Sample mass / volume |50 g 30g 40 g 8g -
Solvent Distilled water ad-  |Distilled water with |Distilled water (ad- |Distilled water and Distilled (adjusting to
justed to pH 5.8-6.3 |different pH values |justing to pH 4 by HNO; (at the 1stex- |[pH 4 by HNO;)
by HCI solution by HNO; or NaOH  |HNO; solution) traction; pH 7, at the
solution 2nd extraction; pH 4)
Liquid to solid ratio  [10:1 5:1 100:1 (20:1x5 times) |100:1 (50:1x2 times) |Cumulative
Leaching method Horizontal shaking (200 times/min, amplitude: 4-5 cm) Stirrer -
Leaching time 6 hours [6 hours [24 hours X 5 3 hours X2 Periodically
Filtration 20 min-centrifugal separation at 3,000 rpm and suction filtration Suction filtration with 0.45um MF (Membrane
with 0.45 um MF Filter)
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Fig. 1 Apparatus for column leaching test
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Fig. 2 Leaching amount of fluoride with pH values
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Fig. 3 Leaching amount of fluoride in serial batch tests
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Fig. 4 Fluoride leaching behavior in column leaching test
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Fig. 5 Fluoride leaching behavior from different iron and
steel slag materials
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Asphalt concrete layer (0.05 m thickness)
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Fig. 6 Example of the cross section for analytical study
Table 3 Material properties used in numerical analyses
Parameters Unit Sand Asphalt Steel slag
Hydraulic conductivity & cm/s |2.084%102| 1.000X107 | 3.500x10™
Effective porosity . - 0.300 0.180 0.267
Longitudial dispersivity a cm 10 10 10
Transversal dispersivity ar cm 1 1 1
Effective diffusivity D, |em¥s| 1.0%x10° 1.0x107 1.0x10°
Tortuosity T - 0.66 0.66 0.66
Retardation factor R, - 1 1 1
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Leaching Behavior of Fluoride from Steel Slag in Geotechnical Applications
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Synopsis
Leaching behaviors of inorganic chemicals in waste slag utilization as road base material were as-
sessed based on results of laboratory leaching tests. Column leaching tests, as well as several batch leaching
tests, were conducted to examine the fluoride and boron leaching from steel slag, influenced by the permea-
tion velocity and the thickness of slag layer. Experimental results showed that fluoride leaching amount was
significantly controlled by the permeation velocity as well as the cumulative flow volume per unit weight of
slag. Leaching behaviors from road base constructed with slag material were modeled using the advec-
tion-dispersion chemical transport analysis, considering the effect of flow volume on the leaching concentra-
tion. Analytical results confirmed that the environmental risk, caused by the fluoride leaching, resulted in the

accepted level against the rain infiltration into the road base.

Keywords: steel slag, leaching, fluoride, environmental risk



