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Simulation on the Alternation of Limestone for Portland Cement Raw
Material by Steel By-products Containing CaO
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In this study, to reduce CO, emission in the cement manufacturing process, we evaluated the limestone that is used as a raw material
for cement, substituted with steel slag by the various substituted levels. Based on the chemical composition of each raw materials
including limestone, and blast furnace slow cooling slag, converter slag, and KR slag as an alternative raw material, we simulated the
optimal cement raw mixture by the substitution levels of limestone. Test results indicated that the steel slags contain a certain level of
(a0 that can be used as alternative decarbonated raw materials, and it has enough to partially reduce the amount of limestonem. And
we estimated the maximum usable levels of each raw material. In particular, it was confirmed that by using a mixture of these raw
materials rather than using them one by one, the effect of reducing limestone was increased and CO, emission from the cement
manufacturing process could be reduced.
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Cif =201 90 % Ol&l2 XtX[6tH, 0|5 MEg Mot gt CO,)2 QI HiZnt M3l Mol EERM BEZ(CaC0;—Ca0+C0,)2
ABIA|F = 70| ZAIT2|0] shalo|2t & 2 QI 015 ME = 2 Qleh HiEQl &= 71X RRIe22H 7|IBtt 0|5 M3A9|
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of Rich M3ME 4, HER A 2 St XEs g2 St Yoloz x|=2=C)
=55t 212 ZrRE(Raw mix)2}t 5, 0|74 1,450 °C 0|AQ) Ma|Mol e BESO 2 Q15 HiES Xdot| flaliMe &
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Fig. 1. TG-DTA curves of limestone and each steel

by-products
Table 1. Chemical composition of used raw materials

Raw Mat. Functions LOI Si0; | ALO; | Fe05 CaO MgO SO; K0 Na,O etc.
Limestone CaO source | 37.20 | 1025 | 2.30 1.10 46.80 1.40 0.10 0.80 0.05
Coal ash ALO; source | 7.10 | 47.40 | 17.80 5.20 15.60 2.50 3.00 1.40 0.00
Cu slag Fe,0; source | -5.80 | 33.80 | 4.90 60.40 2.60 1.75 1.30 1.05 0.02

Sand SiO, source 1.10 | 89.50 | 5.90 1.60 0.10 0.00 0.00 1.80 0.00
AB slag | CaO alternative | 0.06 | 32.84 | 13.33 1.93 43.03 3.62 3.03 0.52 0.28
Con. slag | CaO alternative | -1.58 | 17.23 | 4.67 27.69 | 37.09 3.13 0.90 0.09 0.09 | MnO 5.08, P,Os 1.98 TiO, 1.13
KR slag | CaO alternative | 10.72 | 9.72 2.55 16.19 | 4941 2.94 5.26 0.11 0.08
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Liquid Phase (at 1,450°C)
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Fig. 2. Flowchart of mixture simulation
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Table 2. Results of simulation on mixture design
Material Plain AB slag Con. slag KR slag Slag mix
Replace
ratio of - 2 4 6 8 2 4 6 8 2 4 6 8 10 12 14
limestone
Proportion design of raw mixture (wt.%)
Limestone | 90.0 | 88.0 | 8.0 | 840 | 820 | 83.0 | 8.0 | 840 | 820 | 88.0 | 8.0 | 8.0 | 8.0 | 80.0 | 780 | 76.0
Coal ash 7.4 5.0 1.9 0.0 0.0 7.3 5.5 4.0 3.0 7.6 6.7 7.0 4.1 0.0 0.0 0.0
Cu slag 1.7 1.9 2.1 2.0 1.0 0.4 0.0 0.0 0.0 1.1 0.3 0.0 0.0 0.0 0.0 0.0
Sand 0.9 1.1 14 1.3 0.6 1.2 1.8 2.0 2.0 1.1 2.0 1.9 35 2.6 23 1.7
AB slag - 4.0 8.6 127 | 164 - - - - - - - - 105 | 120 | 13.8
Con. slag - - - - 3.1 6.7 100 | 13.0 - - - 1.0 - -
KR slag - - - - - - - - 22 5.0 7.1 10.4 5.9 7.7 85
Chemical composition of clinker (wt.%)
LOI 025 | 025 | 025 | 025 | 025 | 025 | 025 | 025 | 025 | 025 | 025 | 025 | 025 | 025 | 025 | 025
Sio, 21.67 | 21.69 | 21.64 | 21.54 | 21.40 | 21.62 | 21.30 | 20.80 | 20.33 | 21.60 | 21.67 | 21.42 | 21.44 | 21.38 | 21.22 | 2091
ALO; 550 | 554 | 553 | 568 | 6.13 | 550 | 5.16 | 489 | 472 | 549 | 527 | 529 | 469 | 531 | 545 | 5.64
Fe;05 366 | 3.69 | 3.69 | 349 | 266 | 370 | 461 | 573 | 674 | 3.67 | 3.58 | 382 | 442 | 353 | 3.56 | 3.73
CaO 64.80 | 64.52 | 64.42 | 64.36 | 64.62 | 64.39 | 63.75 | 63.04 | 62.33 | 64.57 | 64.52 | 64.23 | 63.99 | 64.20 | 63.99 | 63.71
MgO 223 | 229 | 235 | 242 | 252 | 227 | 229 | 232 | 235 | 226 | 228 | 232 | 230 | 245 | 250 | 256
SO; 0.53 | 059 | 065 | 074 | 0.87 | 053 | 048 | 045 | 044 | 071 | 089 | 1.06 | 120 | 1.09 | 1.27 | 140
K0 130 | 125 | 1.19 | 1.14 | 1.10 | 125 | 1.19 | 1.13 | 1.08 | 1.26 | 1.22 | 1.19 | 114 | 1.07 | 1.04 | 1.01
Na,O 0.07 | 0.08 | 0.10 | 0.11 | 0.12 | 0.07 | 0.07 | 0.07 | 0.08 | 0.07 | 007 | 007 | 0.07 | 0.11 | 0.11 | 0.12
Clinker modulus
LSF 92.67 | 92.00 | 92.00 | 92.13 | 92.92 | 92.23 | 92.26 | 92.59 | 92.74 | 9238 | 9229 | 92.42 | 9229 | 92.44 | 92.24 | 92.36
SM 237 | 235 | 235 | 235 | 244 | 235 | 218 | 196 | 177 | 236 | 245 | 235 | 236 | 242 | 235 | 223
M 1.50 | 1.50 | 1.50 | 1.63 | 231 | 148 | 112 | 085 | 070 | 1.50 | 1.47 | 138 | 1.06 | 1.50 | 1.53 | 1.51
Amount of liquid phase (at 1,450 °C, wt.%)
Liquid
phase 283 | 286 | 285 | 28.6 | 281 | 284 | 294 | 31.1 | 328 | 283 | 274 | 28.0 | 275 | 275 | 28.0 | 29.0
Amount of minerals by bogue calculation (wt.%)
Alite 554 | 535 | 534 | 530 | 529 | 541 549 | 562 | 56.6 | 545 | 548 | 547 | 563 | 55.0 | 539 | 53.1
Belite 203 | 21.8 | 21.8 | 21.8 | 215 | 212 | 196 | 173 | 156 | 209 | 20.8 | 202 | 19.0 | 198 | 202 | 199
Aluminate 84 84 84 9.1 11.8 83 5.9 33 1.1 8.3 7.9 7.5 49 8.1 8.4 8.6
Ferrite 112 | 112 | 112 | 10.6 8.1 113 | 140 | 174 | 205 | 112 | 109 | 11.6 | 134 | 107 | 108 | 114
B 12 Md 219 4R0il= B2 M| S7tol| et 0] Ol ~&0ME 12 Md &2 fE S7101 w2t A0s2
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o2 WHELD:. Fig. 30iM 12 Md S22t MEE 424 & 1 Qn, HEXME Mot n s Aoz LHAN Meet "0
2 ZNS AHET X[BS0| B7E42 Coal Ash] 0| TSI
Xt ZABICHIE 6 % O]MO| A Coal Ash BiEFZE0| 00| ECH =,
StEAMR SR RISE| =27 20231 38
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