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Abstract

The cement industry emits a large amount of GHGs (greenhouse gases) and about 65% of GHGs is originated from limestone.
So non-carbonated CaO materials were examined to replace limestone in this study. It was attempt to replace limestone by used
blast furnace slag, converter slag, and KR slag with high CaO content. For manufacture clinker, LSF, SM, and IM were
controlled at 92, 2.5, and 1.6, respectively, and the CaCO; replacement rate was fixed at 3%, 6%, 9%, and 12%. As using blast
furnace slag, the CaCOs replacement rate was possible up to 12%, but for converter slag and KR slag, up to 3% and 9% were
possible. The burnability of clinker was better when blast furnace slag and KR slag were used. The XRD peak intensity of
clinker used blast furnace slag gradually decreased as the amount of slag used increased, but when KR slag was used, the XRD
peak intensity actually increased. It was presumed to be because KR slag has a high CaO content and already contains C2S,
making it easier to produce clinker minerals.
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Fig. 1. Photos of non-carbonated materials.
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Table 1. Chemical composition of reagents and by-products
(a) Reagents (Unit : %)
Reagent CaO SiO, ALO; Fe,04 K>,0 MnO P-Os SO;
CaCO; 55.73 0.02 0.02 - 0.02 - 0.41 -
SiO; 0.01 99.92 - - 0.03 - 0.02 0.01
ALO; 0.16 - 99.04 0.01 0.06 - 0.50 -
Fe,O5 0.10 0.11 - 95.05 0.07 0.30 0.95 0.05
(b) By-Product (Unit : %)
Material CaO SiO, AlL,Os Fe 04 MgO SO;s Na,O K,O MnO
BF Slag 43.0 32.8 13.3 1.9 3.6 3.0 0.5 0.5 0.4
Converter Slag 37.1 17.2 4.7 27.7 3.1 0.9 0.1 0.1 5.1
KR Slag 55.3 10.9 2.8 18.1 33 5.9 0.1 0.1 2.0
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Fig. 2. XRD patterns of non-carbonated materials.
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Table 2. Raw mix ratios of non-carbonated materials
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Table 3. Contents of clinker minerals

(a) BF Slag (Unit : wt.%) (a) BF Slag (Unit : wt.%)
Re‘;g‘t’f:;em CaCO; | ALO; | Si0, | Fe,0; | BF Slag Reﬂ";ff;’;‘em ¢S | &S | GA | CAF | sum
0.00 (Ref) | 78.86 | 3.72 | 1499 | 243 | 0.00 0.00 (Ref) | 57.12 | 23.04 | 9.02 | 10.82 | 100.00
3.00 7586 | 3.07 | 1347 | 235 | 525 3.00 5668 | 2299 | 9.00 | 1072 | 9939
6.00 7286 | 241 | 1195 | 228 | 10.50 6.00 5634 | 2288 | 893 | 1067 | 98.82
9.00 6986 | 176 | 1042 | 221 | 15.75 9.00 5602 | 2272 | 889 | 1062 | 9825
1200 | 6686 | 1.10 | 889 | 213 | 21.01 1200 | 5581 | 2252 | 885 | 10.53 | 97.71
(b) Converter Slag (Unit : wt.%) (b) Converter Slag (Unit : wt.%)
Re‘;g‘t’f:;em CaCO; | ALO; | Si0, | Fe,0s C"IS‘IV:gmr Re%";fffs‘em ¢S | S | GA | CAF | Sum
0.00 (Ref) | 78.86 | 3.72 | 1499 | 243 | 0.00 0.00 (Ref) | 57.12 | 23.04 | 9.02 | 10.82 | 100.00
3.00 7586 | 349 | 1416 | 079 | 5.70 3.00 56.88 | 2299 | 9.00 | 1077 | 99.64
6.00 7286 | 326 | 1333 | -0.85 | 11.40 6.00 56.64 | 2293 | 899 | 1072 | 99.28
9.00 69.86 | 3.02 | 1250 | 249 | 17.10 9.00 5652 | 2281 | 894 | 1067 | 98.94
1200 | 6686 | 279 | 1167 | 412 | 22.80 1200 | 5627 | 2277 | 890 | 1067 | 9861
(c) KR Slag (Unit : wt.%) (c) KR Slag (Unit : wt.%)
Rqﬁsz;?em CaCO; | ALO; | Si0, | Fe,0; | KR Slag Re‘ﬁi‘g’;‘em ¢S | &S | GA | CAF | Sum
0.00 (Ref) | 78.86 | 3.72 | 1499 | 243 | 0.00 0.00 (Ref) | 57.12 | 23.04 | 9.02 | 10.82 | 100.00
3.00 7586 | 3.66 | 1475 | 1.69 | 4.05 3.00 56.61 | 23.06 | 899 | 1076 | 99.42
6.00 7286 | 359 | 1450 | 094 | 811 6.00 5639 | 2287 | 894 | 1066 | 98.86
9.00 69.86 | 352 | 1425 | 020 | 12.16 9.00 56.14 | 2270 | 888 | 1061 | 9833
1200 | 66.86 | 346 | 1400 | -054 | 16.22 1200 | 5580 | 22.60 | 886 | 1056 | 97.82
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Fig. 3. XRD patterns of clinkers used BF Slag.
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Fig. 4. XRD patterns of clinkers used KR Slag.
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Fig. 5. Example of optical microscope’s image.
Table 6. Clinker mineral size (Unit : pm)
BF Slag KR Slag
Contents Ref.
3% 6% 12% 3% 6% 9%
CsS 17.8 17.7 19.0 19.5 17.9 16.7 16.8
CS 14.2 18.1 16.9 17.6 18.0 16.8 21.1
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