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Up-cycling of Air-cooled Ladle Furnace Slag : Environmental Risk
Assessment and Mortar Compressive Strength Assesment of Binary
and Ternary Blended Cement Using Air-cooled Ladle Furnace Slag
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Abstract : This study investigated the environmental risk for up-cycling of air-cooled ladle furnace slag (LFS) and evaluated the
mortar compressive strength of binary and ternary blended cements using LFS of 3, 5, 10 wt%. Based on the Soil Environment
Conservation Act standard, there was no environmental risk of the up-cycling of LFS. Results of mortar compressive strength assesment
showed that the compressive strength of two blended cements using LFS of lower than 5 wt% was about 1.1 times superior to that
of un-substituted cement (ordinary portland cement, OPC); however the compressive strength of those with LFS of 10 wt% decreased
with 10% compared with that of OPC.
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Table 1. Mixing ratio of two blended cements modified with 0,
3, 5, 10 wt% of air-cooled ladle furnace slag

C1 C2 C3 C4 SC1 SC2 SC-3 SC-4
OPC(wt%) 100 97 95 90 O 0 0 0
GBFSCWt%) 0 0 0 0 100 97 95 90
LFS (wt%) 0 3 5 10 0 3 5 10

*OPC : ordinary portland cement
GBFSC : granulated blast furnace slag cement
LFS : air-cooled ladle furnace slag
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Table 2. Physical and chemical properties of ordinary portland
cement (OPC), granulated blast furnace slag cement
(GBFSC), and air-cooled ladle furnace slag (LFS)

Blain, Density, Chemical composition (wt%)
(emg) (@/em®) Cad S0, ALOs Fe:0s MgO SOs f-CaO
OPC 3380 315 619 221 52 33 30 23 08
GBFSC 4648 290 527 278 93 24 35 25 06
LFS 4137 282 438 44 344 55 56 00 50
6000
OLFS WGBFS
4500 1.17 times 1.04 times
o 123 6mes _Ll4fimes 1
- 1.24 times
: ]
% 3000
=
1500 -
0 - . . .
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Milling time (min)
Fig. 1. Compare to blain values of air-cooled ladle furnace slag
(LFS) and granulated blast furnace slag (GBFS) with the

milling times
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Table 3. Total content analysis of environmental toxic materials
in the air-cooled ladle furnace slag

Standard in the soil environment

Toxic material va'\l/tljeea(srg;gg) conservation act (mg/kg)
Area 1 Area 2 Area 3
Cd N.D. 4 10 60
Cu 147 150 500 2,000
As 194 25 50 200
Hg N.D. 4 10 20
Pb N.D. 200 400 700
Cr6+ N.D. 5 15 40
Zn 32.1 300 600 2,000
Ni N.D. 100 200 500
F 664.7 400 400 800
pr%?;?;us N.D. 10 10 30
PCB N.D. 1 4 12
CN N.D. 2 120
Phenol ND. 4 4 20
Benzene ND. 1 1 3
Toluene ND. 20 20 60
Ethyl benzene N.D. 50 50 340
Xylene N.D. 15 15 45
TPH N.D. 500 800 2,000
TCE N.D. 8 8 40
PCE N.D. 4 4 25
Benzo(a)pyrene N.D. 07 2 7

*N.D. : Not detected
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Fig. 2. Average compressive strength (n=3) of binary and ter-
nary blended cements using air-cooled ladle furnace slag
(LFS) of O, 3, 5, 10 wt% (a) Ordinary Portland Cement
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