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Abstract

Ground granulated blast-furnace slag (GGBFS) which is by-product of steel industry has been recycled as a cement admixture
though the other steel slags are used as aggregates. In this study, the electric arc furnace slag (EAFS) was used as a cement
admixture after the reduction of iron oxide in the slag at the interface of molten slag and water quenching. Consequently, the
reformed EAFS (REAFS) had higher grindability than that of granulated blast furnace slag. And in mortar tests, the strength
properties of specimens using REAFS were 98% of plain specimens of GGBFS upto 20% replacement ratio of GGBFS with
REAFS.
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Table 1. Chemical composition of GGBFS

Chemical composition (wt.%)

Ca0 | AlO; | MgO | SiO, | T-Fe | TiO, | P,0s

42.4 13.8 6.1 33.1 0.29 0.96 | 0.008

Table 2. Chemical composition of EAFS

Chemical composition (wt.%)

CaO | T-Fe | Si0, | AlO; | MgO | TiO, | P,0s

22.03 | 21.34 | 20.00 | 1329 | 7.82 0.86 0.17
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Table 3. Test method (reforming EAFS)

Melting Reduction Quenching
Induction furnace N .. . N
(DSIH-005MF, Dong Yang) Stirring with ca¥bon rods. Water quenching
(0~60 min.)
1500°C 1
Crushing Separation Grinding
Ball mill
mill: 305 mm® x 305 mmL
Percussion crushing - Magnetic separation Steel ball: (30 v/v% of mill)
—
(Large mortar) (1,000 gauss) 36.5 mm® 9.98 kg
30.0 mm® 6.21 kg
159 mm® 4.11 kg

Fig. 1. Slag reforming using carbon rods.
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Table 5. Mixture design (kg/ni)

Binder B
ID Fine Water
Cement | REAFS | GGBFS [aggregate]
Cement 508.4 0.0 0.0 1,525.3 | 2542

GGBFS 251.7 0.0 251.7 | 1,510.0 | 251.7
10-REAFS | 251.7 252 226.5 | 1,509.9 | 251.7
20-REAFS | 251.6 50.3 201.3 | 1,509.8 | 251.6
30-REAFS | 251.6 75.5 176.1 | 1,509.7 | 251.6
100-REAFS| 251.5 2515 0.0 1,509.0 | 251.7

*Number in ID means replacement ratio of REAFS for GGBFS
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Table 4. Test method (KS L ISO 679)

Mixing Molding Curing Test item
+
water ) Hﬁﬂe age. - JIS Mold water curing - flexural strength,
) 40 x 40 x 160 mm at room temp. compressive strength

with binder 3 min.
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Table 6. Chemical composition of reforming slag according to reduction time
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Reductifm time Chemical composition (wt.%) Reduction ratio Basicity
(min.) Si0, | ALO; T-Fe TiO, Ca0 MgO P,0; (%)
0 2000 | 1329 | 2134 08 | 2203 | 7.8 0.17 0.0 2.16
10 22.04 2231 7.47 0.95 25.03 7.98 0.16 65.0 2.51
20 22.88 23.32 6.39 0.97 25.69 8.49 0.15 70.1 2.51
30 23.06 24.49 5.28 0.98 26.09 8.54 0.14 75.3 2.56
60 2389 | 2452 2.10 114 | 3126 | 1145 | 013 90.1 281
Basicity = (CaO+MgO+AlL,03) / SiO,
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Table 7. Particle size analyse according to grinding time

Grinding Particle size (um)
time GGBFS" REAFS?
(min.)
D (0.1)|D (0.5)|D (0.9)|D (0.1)|D (0.5)|D (0.9)
60 2.731 [29.202 (92.821 | 7.431 | 47.011 |154.645
30 1.923 | 22.458 | 72.052 | 3.211 |32.480 [115.870

100 1.908 | 18.906 | 56.599 | 1.976 |22.111 | 80.164
120 1.471 | 15.728 | 48.383 | 2.003 | 18.763 | 62.805
140 1.223 | 13.708 [ 43.422 | 1.291 |15.223 | 52.093

160 1.079 | 11.822 (38.313 | 0.960 | 12.244 | 45.171
180 0.976 | 10.685|36.109 | 0.758 | 9.596 |38.368

DGGBFS: Ground granulated blast-furnace slag
YREAFS: Reformed electric arc-furnace slag

5500 —————————————————————————

5000 -

Blaine (cm?g)

—=— GGBFS| |
—eo— REAFS | |

1000 1 L 1 I 1 1 I
60 80 100 120 140 160 180 200

Grinding Time (min.)

Fig. 4. Fineness result according to grinding time.
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