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ABSTRACT

[n order to manimize the recycling of converter slag 1o the more valuable fields, such as high quality aggregales for construe-
tion, cement industry and flux for iron making, It will be very important to contiol the compositions and properties ol converler
slag 1o suil the purpose of uljlization. In thus study. converter slag (STELCQO, CANADA) was muixed with 5%~30% 810, and
7% carbon, and then reduced at 1650°C. After the reduction was completed, the reformed slags were cooled to room temperature
m the [urnace All of the slags were then characterized using SEM-EDX, XRD and chemical analysis. Also the compiessive
sirengths and densuties of the relormed slags were measured 1o compare with natural aggregales. XRD analysis shows that the
phases of reformed slags are changed from bredigite + merwinite mixed phases of 10% 5i0, added reduction to akermanite
phases of 20% and 30% S3i0, added reduction Bul the SEM-EDX analysis revealed that the phase distribution of the reformed
slags was changed very sensiively and complicately depends on the change of slag compositions And also the properties of
reformed slags are changed very much depend on the phase distribution. About one third of Cadmiwn and one fifth of Vanadium
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are remamed 1 redvuction reformed converter slag. Another heavy metal elements such as cobali, zine, lead are remaved up to
more lhan $40%~95% of ongnal slag. The compressive sirength and densily of 25% Si0, added and reformed slag 1s very near
10 palural granite. This is superior more than 10% 1o Thyssen's Si0, added and oxidized converter slag aggrepates.

Key words : Converler slag. reduction, slag

aggregales. recycling, reformng
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Tabte 1. Composition of STELCO converter slag (wt%)
CaO S10, MgO AlLO; MnO Fe,04 Fe(l Fe Busweity
Chemex 35.26 1051 8.44 092 6.7 32.94 218 23.3 382
Steleo 335 191 12.6 0.7 7.6 o 21 244 27
CraO5 PaQs TiO, S C \4 Na,O K50
Chemex 037 045 031 012 1.2 0.12 005 0.03
Stelco 0.51 p21 0.73 0.16 i 3 " !
Cd ppm Cr ppm Co ppm Cu ppm Pb ppm Mo ppm N1 ppm P ppm
0.38 2400 18 17 395 72 522 1750
Chemex
v % : i
Analysis ppm Zn ppm K% Na% Ti%
110 38 <0.01 <0.01 033

Basicity=(CaO+MgO)/(Si0+Al:05)

Ta0 | MgQ 510z FeD MnG | CrzO3z JMineralogy]
A 227 118 147 £ 140 R Wustite
B 619 “'* 35,2 29 . *** Larmle

Photo 1. Converter slag.
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Fig. 1. X-ray diffraction diagram of the converter slag.
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Table 2. Composition change of modified (silica added and
reduced) converter slag on silica addition

CaQ | MgO | Si0O; | AlyO; | Fe-0; (Basicity
Head slag | 33.79 | 8,16 | 1094 | 0.84 | 3525] 356
3% silica 4779 [ 11.09 | 3178 | 272 | 2.26 17
10% 4556 | L134 | 311 | 267 | 316 | 168
5% 4448 | 1097 [ 3752 308 | 035 | 1.37
20% 4198 | 10,16 | 3887 | 296 | 256 | 1.23
25% 3902 | 921 | 4135 276 | 064 | 1.09
0% 3620 | BB3 | 451 [ 253 | 051 0.95
MnQ | P05 | Tid, | OOy
Head slag | 683 | 053 | 072 | 045
5% silica 231 | 041 | O.88 | 033
10% 334 | 023 ;091 | 012
15% 211 |<003| 085 | (03
20% 2.57 Gl | 084 | 011
25% 345 | 005 | 0.76 | 0.08
30% 449 1 <003 | 074 | 0.08
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Fig. 2. Comparison of calculated and analyzed (CaO+MgO)
concentration on silica addition.
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Fig. 3. Comparison of calculated and analyzed (SiOs+
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Table 3. Caleulated chemical compositions of slags tested

new siag a0 MgO S0 Al Q4 Fe,04 MnQ MO Basicity
Head 3379 8.16 10.94 084 35.25 a.83 42 356
0% silica 55.5 134 18 14 1.15 37 412 3.55
3% silica 314 124 2125 128 0.76 3.5 639 2.50
10% 47.77 11.54 2661 119 .71 325 5.94 1.93
15% 44.62 1078 34,23 1.1 0.66 304 5.55 1.57
20% 41 86 111 38.33 1.04 0.62 2.85 5.20 132
25% 39.41 952 41.92 0.98 058 2,68 4,90 1.14
30% 3724 8.99 45.12 0.93 0.55 2,53 463 1.00

Mo=K;0, Na,0, TiQq, etc.

Assumption 98% Fe, 67% Mn Reduclion

AeelEy A o Al 1& ., 2000
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=&~ Calculated Basicity
—&— Real Basicity

5% 10% 15% 20% 25% 0%
Silica Addition
Fig. 4. Change of basicity of modified slag on silica addition.
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Fig. 5. Residual concentration of (Fe;Oq+MnQ)) in reformed
slag on silica additon,
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Fig. 6. The phase diagram ol (he pseudo CaQ-$iQ,-FcO
system Calculated and measured chermical composi-
trons of reformed slags are superimposed on this
diagraim.
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Fig. 7. X-ray diffraction diagram of Head slag, 10%~30%
5i0, added, reduced and slow cooled slag
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5% Si0,

[WHITE [Fe. 93 5%  [high carbon (-ET|
A |METAL |[Mn: 5.2%, high manganese
Cr: 0.9% Iron
DARK [MgQ:71.2% [Solid
B |SPOT [MnO: 25 1% |Solution
Cal: 2.2%
FeQ 1.1%
MATRIX|Ca0: 67.1% ILamite
Si0z: 31.4%
C P205 0.8%
MnQ: 0.4%
AlzO3: 0.3%

Photo 2. SEM photo and EDX analvsis of 5% sihca added,
reduced and slow cooled converter slag.
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10% Si0;

Photo A Photo B
OXIDE | Matrix ____ Gray white gray Fe 100%
M1 M2 G1 G2 Medium gray MgO 40.6
Cal 43.3 43.5 60.3 40.1 attached to Iron FeQO 32
S5i0z 416 41.3 32.4 258  Ksolid solution) MnO 20.1
Mgo 9.4 6.5 2.1 137 Al203 2.6
MnO 2.5 2.7 3.3 8.3 Si02 1.9
Al203 3.2 6.0 ik bl CaQ 0.8
FeO - il 1.9 121
etalfic White Ball
)_ 1 2
Fe 54.4 100
Mn 20.8
Si 15.9
Cr 4.3
Mo 4.1

Photo 3. SEM phote and EDX apalysis of 10% silica added. reduced and slow cocled converter slag,

Hejsm glr), 21#e] 500X
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EDX-Z3o|c}, $1%4] 1000X A gelX matixs
akermanite’do] ™, VA% FLFE0] HolgH o)
MgO7}F matixBo} 260 BY MnO< matnsEy): 3]
= =8 akermanite’de]t}. 2EZEL 50K Azl
WMo Mom woldd Bl gl Ae su]ﬁug}
Ti0,= FH7t pseudowallastonite =74 o]} o]} 33
TE= AA S o] &2F EAET)e AT 7]'4’]
A4 gle JHE =2 WEAE e 2 with
Photo 7 & 30% SiO;F A7}t 7EEH 2] SEM-

1. of Korean Inst Resomrces Recycling Vol 9, Moo [ 2000
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16% SiQ,

SiD,E Fmsle] SErifTe difise] Bk 59

A
Matrix Porous Streak
Ca0 41.40%| [CaO 55.90%
MgO — g.70%| [MgO 9.40%
SiOz 40.90%| [Si02 34.70%)
AR0O3 7.00%| [Al203 -
MnoO 1.10% an__l_ e
Akermanite Bredigite

Photo 4. SEM pholo and EDX analysis of [5% silica added,
reduced and slow cooled converter slag.

25% Si0;

o

0% SiGy

&

Photo A Photo B
Porous | Matrix
[ CaD 500 Be.1 Iron

MgO 2.0 10.7 Fe 85.8
Si02 30.1 35.3 Mn 3.4
AROa 1.7 = Cr 1.0
Mno 20 1.8
P20s 0.8 >

Larnite  |Merwinite

Phote 5, SEM photo and EDX analysis of 20% stlica addad,
teduced and slow cooled converter slag.

Black Matrix Light Streak

ol [
[CaC | #3.80% | 4z00% | 4460% | [CaD | 44.00% | 44.50%
[sica 40.10% | 41.40% | #1.20% | [Si02 | 38.w0% | 3850%
ARO: 1.00% | 3.30% | 2.00% AkOr_| 6.20% .00%
|Mn0 210% | 5.90% | 3.80% MnO 5.80% 5.30%
MgO 14.50% | 7.40% | 8.30% Tioz 3.80% 3.50%
KTl 2.00% e e Sulfide | 1.00% 2.30%

[Aicermanite Akermanite Pasudowollastonita

Photo 6, SEM photo a EDX analysis of 25% silica added, reduced and slow cooled converter slag.
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Photo 7. SEM photo and EDX analysis of 30% silica added.

Matrix
Ca0 51.9 Cad 413
5i02 35.3 §i0z 43.5
7.8 7.7
MnQ 4.1 MnQ 5.8
AlO3 0.9 AlzO3 1.7
Merwinte Rkermanite]

rednced and slow cooled converter slag.
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Fig. 8. Compressive strength of modified steel slag.
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Fig. 9, Density of modified sleel slag.

Table 4. Compositions of mmot metalhic elements of modified converter slag on silica addition

Cd ppm Cr ppm Co ppm Cu ppm Pb ppm Mo ppm N1 ppm
new slag 0.38 2400 18 17 39.5 72 522
0 88C 3 3200 82 99 3 8a.1 116
3 88C 0.14 437 1 13 53 66 228
10 88C 0.12 an3 08 <l 4.5 82 13.6
15 88C 0.12 238 0.4 8 6.5 1 6.2
20 8SC 014 630 0.6 <1 2.3 7.8 84
25 88C 014 293 0.2 <l 3.5 0.4 3.2
30 88C 0.12 424 <02 <l 25 06 26
P ppm V ppm Zn ppm K% Na % Ti %
new slag 1750 1110 38 <001 <001 0.53
0 SsC 1330 1160 10 ooz 0.04 0.41
5 8§C 560 157 20 0.04 .09 082
10 SSC 1170 544 10 0.04 0.1 0.59
15 85C 100 138 14 0.03 0.05 035l
20 SSC 400 390 2 004 0.04 038
23 88C 120 191 2 <0.01 <0.01 .35
30n §8C 80 231 <2 0o 0.09 .35
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