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ABSTRACT

The purpose of this rescarch was to determine a possible application of the slog the slags of iron-and steelmaking as a
filler of asphalt concrete, The slags were crushed for beller recycling of three typical slags as ascon filler, and then the
physical and chemical properlies were examincd The mechanical properties of asphall conerete after filling with slag
powders under 200 mesh as fillers were tested to fulfill the Korean Standards. Optimum temperature of mixing the slags
with asphalt was 140~160°C. The density, the stability. gap ratio and the saturation degree were 2,37 g/fom’, 810 kg, 3.4%
and 80.4%, respectively.
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Table 1. Chemical composition of various ironmaking slags (wi%)

plg 1on = pig won for

steelmaking
different —low medium | high Ca0/Si0, Thomas spectal
pig iron pig iron
slag Mp( MgO MgO
- content content content <1.0

Si0, 33.5~36.5 33.5~36.5 31.2-393 39.0~420 33.5~38.0 33.5-383
AlLG, 10.2~12.8 10.2~12.8 8.7~13.8 11.8~13.8 12.0~15.0 46.0~50.0
Cal 433~45.4 37.2-42.6 33.8~42 4 34.5~37.0 36.0~43.0 37.0~-42.0
MgO 47~ 63 6.2~ 9.7 9.2~13.4 6.2~ 83 335~ 7.5 1.0~ 2.0
Fe 0.1~ 04 0.2~ 04 0.1~ 05 0.1~ 1.0 0.1~ 1.0 04~ 0.6
Mn 01~ 03 0.3~ 0.6 0.1- 0.7 0.6~ 1.0 0.5~ 12 0.02~0.1
Na,0 0.4~ 0.7 0.5~ 0.7 0.3~ 09 3~ 0.3 1.0~ 2.0 0.1~ 03
K0 05~ 69 08~ 140 0.2~ 15 0.7~ 0.9 0.8~ 2.0 0.07~0.1
5 12~ 14 1.2~ 1.7 0.9~ 1.8 12~ 15 1.0~ L& 0.6~ 1.2
Ca0/Si10, 1.10~1 35 110~ 1.20 10~ 1.25 0.85-0.95 1.0-1.2
slag kgt 90~35 290~320 280~-320 280-320 300~700
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Table 2. Chemncal composition of sleelmaking slags

A ER v wah A Si0e] Ak, = network former7} &
7l WEd B Seg FustR 9 feiseAle g

o} Ar|ez 9El Ca0Sios) B4 el nhel sk
7| ole < Aol At faldske) g s as A
F3te wolE oA AAFez Wt ang et
o 87} Fag vleedh

23, @z &80

Bhd T, W 9l T HeE s
MERRE &
7} skl Flck(Table 2).

oei7la] gl wet ARE And wel gss &
#loe ey Z4 L ME oh2e OBMIWIF LDACT
9 &7)2] CaO-phosphate 2 1= CaOFEFEA 22 7
=Ael Fed girt.

Hru} W #ks] wA5teW MgOu MnO9} 22 vl F4
g s EE weiseiol ot AdEd Y] e
siheate’d 2 & A glef. 0|3 Alols wH(scrap). 4
F, dliwmds SR ddnly Abgulge] thar] Wi o
Ehta $gk AT dazgds) A9 s #AGE
glek 2galdls EdoR 77 Selag FHAT 2,

4-5% et 9l

A 7kgg ol Al A7

il rf

method LDAC/ LD SM/

OBM EAF. EAF
praduct | nonalloy low alloy low-medinm alloy high Cr content
moditied
process VoD AOD

oxidation | oxidation | oxidation | oxidation | refining | reduction |desulfurization | reduction | desulfurizalion

slag slag slag slag slag slag slag slag slag
o Fe . 5~12 15~24 10~19 13-20 max. 2 | max. 2 max .5 max. 2 max. 1
o Cal 47~53 40-50 35-43 35~45 45~44 35~50 50~65 35~50 50~65
#Calp, | max. 5 | max. 10 | max. 5 max, 5 ) max. 10| max. 5 max. 10 max. 5 max. 10
W50, 5~10 10~13 10~18 10~18 10~18 20~30 15~25 25~33 15~25
*ALO; max. 2 max, 2 3-8 3-8 6~12 1-10 4-12 1~i0 max 4
* Mp( 1-3 1-2 7~13 7~15 10~18 5~15 i~3 47 1-5
* MnO 2~3 3-7 4-12 4-12 max. 2 1~6 max. 0.5 -5 max. 1
PO 15~20 1-3 max. 1 max. | [max. 0.5 | max. (.3 max 0.5 max. 0.5 max. (.5
* CaF, 0 max. (.5 | max, 0.5 [ max. 03 1~14 max. Y 5~16 mix. 3 5~14
*Cr,0; | max. 0.3 | max, 0.3 | max. 1 max. 2 | max. 0.5 1-5 max. L0 1-5 max. 1.0
Caf}/5i0, 6~8 3.5-4.5 2.5-35 2.5-35 3~4 1.2~2.0 2-35 15~23 1.3-3.0

kgit
pig iron 190/210 | 120/410 | 80/150 80/120 20430 100¢30 30440 100,130 30740
Arleiso] Zy, A 5 A A 3 E, 199
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Table 3. Physical properties of slags

Apparent| Tap lrue average
Density |Density |density |particle size
(gam’) | (glom’) | (gfem’)| ()
water-crushed BY | 0.86 1.61 293 6.30
slag
lumpy B.F. slag 0.89 145 | 296 7.90
1D slag 1.24 208 | 3.68 96
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Table 4. Size distribution of powdered slags  (unil * pm) 2.5 gliom’s} 3.0 glem™] o)) H)she] 2,93, 2063k 3.682 A}
water-crushed | lumpy blast| LD #4852 35 Jen HayaE 630, 7.90, 060 mE
blast fumace | fumace | converter ebict
slag shg | slag nEzdasl £ A4 A9 BYEAAA 2 Aol
258 4.53 6.19 | 10% (cumm. volume) Z Holal e} MR as arsdad 2 o)z
16.68 33.14 3339 | 50% ( 4 } wolr},
gig 2;2 ;;ji AT Table 4% £-4H¥ 200 mesheta}s] 274 2229 U
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Fig. 1. Size distribution of three powdered slags.
Table 5. Chemical analysis of blast furnace slag
As(ppm) | He(ppm) | Cr(ppm) | Zafppw) | Pb(ppm) | Cd(ppm) | Nippm) | Cu(ppm} | Be{ppm} | Ba(ppm)
lumpy <10 92.3 43.3 161.3 123 22 <10 M10 563
water- )
crushed <i0 <3 81 38.7 156.7 14 40 <10 639.7
Si0,(%) | P.05(%) | BO5(%) |AL0:(%)| TiOx(%) | BeQ(%) | FeO{%) [MgO(%)|MnO(%)| CaO(5) |NayO(%)| K,O(%)
lumpy | 2873 | 0.28 0.11 1341 110 | <00028( 0.39 6.08 0.26 38.81 0.24 0.44
water-
3215 0.24 0.11 13.03 093 [<0.0028| 094 575 0.27 | 39.71 023 0.48
crushed
Agel el 23, Al 58, A 3 &, 199
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Table 6. Chemical analysis of LD-converter slag (%}
Fe MnQ Si0, CaCQ Al Oy MgO
20 36 9.9 423 2.5 2.0
Table 7. Leachate test results for B.F slag (unit : ppm)
water-crushed Jumpy B.F. classitication
slag slag standards
KSM | TCLP | KSM | TCLF | Korca | EPA
Cu |<0.63 009 | 005 | 015 3
Cr (<002 | <002 |<0.02 | 0.03 15 5.0
As 0.014| 0011] 0005 0.004 [ 1.5 5.0
Zn 0.08 |<0.02 | 0.53 0.27
Ba 030 | 030 | 022 | 001 100
Hg <0.001 <().001 0.005 0.2
Cd <0.02 <0.02 0.3 1.0
Pb «(1.10 <0.10 3 5.0

Aen2el wex A582 [CP(Jon Coupled Plasma)E o
g3t B4 AFteln)h. 53] nEpdsd 2y
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Table 8. Propertics of blast fumace slag as a filler for bi-
tuminous paving mixtures

. . i i::que,ﬁmtm'm_|
experiment/item unit result method
maisture % 0.3 KS F 3501-94
density{20°C) - 2.65
grain. size : No. 30 %o 100
: No. 50 % 100
tNo. 100 | % 100
‘No. 200 | % 89
plasticity index - [non plasticity
heating deterioration | - none
flow test % 26
flooding expansion % L4
exfoliation test - 1/40]5}

Table 9. Materials ratio used for asphalt concrete (unit : wi%}

Exp. 1|Exp. 2
pulverized aggregate helow $19 mm 343 | 342
stone dust during the process in pulverized | 47.1 | 46.8

stone

sand 9.1 9.0
water-crushed blast-fumace slag powder 4.0 4.0
asphalt 535 6.0 J
I 2 288 g3} $E(AP-3) 396 g2 150°CE 7} 3}
A A8 iﬂ_& i’i %Pﬂfﬂ ERAF| T e Eme)A
A 19 mm o] 52 EA¥ EA 2476 g, BE Fas= T
Aol4 A7) A3 3388 g, Thwal 652 g% TR0 3

& ZgAlzch = A & U7 100 mm. ¥o] 125
mm®] 159 5 AYAA D, AW 508 o) ol
ohE el QA4 & 988 geiskd AUl 60°C (+
1"y ez Eshe] 0% AT QAT E &
Bt

ol ATE 432 g, FALI IR 288 ¢ A7) 19 mm ©]
ata) BAE A 2462 g, 5 Edfals WA Azl A
£ 3370 g, B 648 g5 AMEElS) A7) HEel| A9 2ol
FUF Wy ARl AEE Aelgnt 47 AEHA AL
48 A5e] 4iEHE vlmErd thEe] Table 95} 2}

A7) Be) ulghe &o olalo] Azg AEe] AHEIDE
T}-2-2] Table 1041 LER) AT Table 10e]A Jehd 53]
L nlaE| S E(KSE 23370 218 A m A olaZe 35%
o444l A9} ol~BEF 6.0%% AR F KS 7242
275 A Bl 2R A E Ve e A Ao

Z M= 15

Table 10. Test results of the experiments

K - § standard | Exp. 1 | Exp. 2
density(g/cm’) 23014 238 238
stability(kg) 5000] 4+ 814 | 90l
gap ratio(%) 3-5 5.4 4.4
saturation degree(%) 75~85 80.3 84.2
| flow(1/100 mm) 20-40 3l 34

Table 11. Comparison of material ratic between this ex-
periment and conventional ascon  {unil * wt.%)

Conventional
Exp. 2 asphalt
congerete
pulverizated aggregate blow 34.2 342
$19 mm
stone dust during the process 46.8 46.8
in pulverized stone
sand 9.0 940
fillers 4.0 4.0
(watcr-crushed | (calcium
BT slag) carhonate)
asphalt 60 6.0
Table 12. Comparison of test results
K 8 standards Exp 3
df:nsit_v(g/cms) 23< 2.37
stability(kg) 500= 810
eap Tatiof¥a) 3-5 34
saturation degree(%s) 75~83 80.4
flow(1/100 mm) 20--40 30
Aol el of-2at Bohel BAAE NVHL
APBE B0 oham g A mokn A S v sk of
ABE 432 g, FAAER GATE 288, 19 mm o5
AEH A 2462 g, B4 Eshe A By A
T 3370 g 2o 648g° Feflel b2 A zmubdel 83l
A 2E ALsto] Aol Heb 2o i) 2late] A He
of Bgitt d8 2 F4Y ofaFatel 4EZ dixEE o
[o]

£¢] Table 119 2t}

7] Fo g &l galel A2 NP RHE olule]
Table 129 WePARICE Table (204 L}Ehd 58]
9] AR g A BN R, 12 FHEY
ol &8l 7 sbts 49T Apaals A Ay
tu)sle] A fale AT Jelde B4 ool A4 1,
2, 39 9sled Az Alme] AgAnE chie Fig 20
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Fig. 3. Comparison of physical properties.

{KS - Korea Standards, T1 * Test 1, T2 . Test, T3 . Test 3}
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