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Application of electric arc furnace slag for asphalt aggregate
Akie Ichihara

Synopsis: In order to utilize the electric arc furnace slag (EF slag) for the asphalt aggregate, its quality as both the aggregate
and the asphalt mixture was investigated. Slag modification process by mixing slags to control the slag expansion
was also studied.

The road aggregate of the EF slag of Sanyo showed uniform quality and met the standard for road materials.
Moreover, the modified EF slag had the improved expansion characteristic. Consequently, the slag can be a
substitute of natural aggregate for road materials with better dynamic stability as the asphalt mixture.

It was also demonstrated that the asphalt mixture with the EF slag met the performance standard of the pavement.
The pavement test in the premises of Sanyo plant was carried out to verify its performance. The paved road has
been in excellent conditions for over 12 months. The road aggregate of the EF slag of Sanyo was successfuly
adopted to the public paving in Himeji City through those activities. It was the first public application of steelmaking
slag for pavement.

key words: Steelmaking slag, Electric arc furnace slag, Asphalt aggregate, Expansion, free lime, CaO, Pavement, Natural
aggregate, Dynamic stability, MCI, roughness, Marshall stability, Dissolution test, Aging
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Table1. Rating for MCI

Content
No defect

Rating MCI

10

Excellent though it is somewhat defective.

Mending is not required though there are a lot of defects.

An easy mending is required.

m O O | W
N &~ O 00

A large—scale mending is required.

Table2. Examples of chemical compositions of EF slag and natural aggregate (mass%)

Ca0 Si0, Al,0, Mg0 Cr,0, MnO T-Fe
EF slag 36. 37 13.52 10. 65 4.38 2. 41 5.38 25. 71
Natural aggregate 1.96 60. 19 20.52 1.97 0.02 0.35 6.77
Table3. Properties of aggregate in asphalt mixture
EF slag Natural aggregate Criteria
Density in saturated surface-dry condition (g/cm®) 3.33 2.72 = 2.45
Apparent specific density (g/cm®) 3. 44 2.75 —
Coefficient of water absorption (%) 1.40 0.58 = 3.0
Abrasion value (%) 14.63 15.8 = 30
7 Soundness of aggregate (%) 3.58 2.3 = 12
Expansion stability of steel slag (%) 0.026 - =20

Table4. Dissolution test results of heavy metals on the EF slag

Material Contents (mg/Q )
Mercury and/or its compound < 0. 0005
Cadmium and/or its compound < 0.001
Lead and/or its compound < 0.005
Hexavalent chromium compound < 0.01
Arsenic and/or its compound < 0.005
Selenium and/or its compound < 0.01
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Fig.1 Changes of the Density and Coefficient of water absorption.

Tableb. Physical properties of asphalt mixture with EF slag and natural aggregate

(Binder : Straight asphalt)

Type of aggregate EF slag Natural aggregate Criteria
Used slag grain size No. 6 No.5, 6 No.5,6,7
Density (g/cm®) 2.52 2.612 2.683 2.350 —

Void in total mix (%) 3.1 3.6 3.7 4.0 3~6
Marshal | stability (kN) 13.5 18.1 18.97 12.79 over 4.9
Flow value (1/100cm) 32 36 36 32 20~40

Retained stability (48hr) (%) 89.9 88.8 89.9 90.6 over 75

Retained stability (72hr) (%) 88.7 8.2 84.8 89.8 No breakdown
No breakdown No breakdown

Dynamic stability (times/mm) 2520 1750
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Fig.2 Changes of Marshall stability and flow value on EF slag grade.
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Fig.4 X-ray diffractions of oxidizing, reducing, and mixed slags.
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Fig.5 Relation between aging period and f-Ca0%.
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Fig.6 Relation between the expansion ratio and the
aging period for EF slags.
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Fig.7 Outline of test paving.
Table6. Materials used in the test paving
Material Contents
Aggregate : No.b5, 6,7 slags
Dense graded asphalt mixture with slag(20) - Ratio of EF slag in asphalt mixture:
Coarse asphalt mixture with slag -Dense graded asphalt mix with EF slag(20) : 64.4%
-Coarse asphalt mix with EF slag S T7.1%
Dense graded asphalt mixture (20)
Aggregate : Natural stone

Coarse asphalt mixture

100% slag was used for road construction

Upper subbase

(Upper subbase grading)

Lower subbase 100% slag was used for road construction (crusher run)
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Fig.8 Appearance of test paving place after 12 months from paving.
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Fig.9 Transition of rut depth of the pavement surface. Fig.11 Transition of the pavement surface roughness.
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Fig.10 Transition of the pavement surface roughness. Fig.12 Maintenance control index.
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