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Abstract

The global cement industry emits approximately 2.9 billion tons of greenhouse gases, of which 1.74-1.89 billion tons are
emitted from limestone, which is the main raw material for clinkers. Therefore, the feasibility of using slag, a non-carbonated
CaO-based raw material, must be investigated, and the physical properties of cement must be considered. In this study, the
mixing ratios of the raw mix and properties of cement were analyzed. The CaCO; replacement ratio was limited when one type
of slag was used; however, when the mixed slag was utilized, the CaCO; replacement ratio increased by more than 12 %. The
compressive strength of the slag-incorporated cement was lower than that of Ordinary Portland Cement (OPC). Therefore, the
lime saturation factor (LSF) of the raw mix and fineness of the cement were increased to improve the compressive strength. The
compressive strength of cement with improved fineness was similar to that of OPC for a CaCOj; replacement ratio of up to 6 %,
and it decreased as the CaCO; replacement ratio was increased to 9 %. When both fineness and LSF were increased, the
compressive strength and flow value of the cement with a CaCO; replacement ratio of 12 % were similar to that of OPC.
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Table 1. Chemical composition of slag

Composition SiO, ALOs Fe;Os CaO MgO SO; K;0 Na,O
BF slag (P) 34.81 16.70 1.28 41.04 334 0.63 0.42 0.35
BOF slag (P) 12.96 3.37 34.94 35.51 6.30 0.06 0.06 -
BF slag (H) 33.10 14.20 0.94 44.00 3.99 1.53 0.55 0.19
KR slag (H) 10.80 4.29 25.30 44.50 4.09 3.87 0.09 0.05
LF slag (H) 10.20 23.10 11.20 45.00 5.60 0.50 0.11 0.05
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G W : Wustite (FeO) w
50 | M : Monticeliite (CaO-MgO-Si02)
G : Gehlenite (2Ca0-AI203-Si02) 8 B : Brownmillerite (2Ca0O-Fe203)
P : Pseudowollastonite(CaO-SiO2)
—~ 40 —~
2 2°r
Q30 S
£ =0
10}
o or
o 20 a0 40 50 e 70 T 20 a0 40 50 60 70
2Theta 2Theta
(a) BF slag (P) (b) BOF slag (P)
30
35 s M 4L H
30 - ehlenite (2Ca0-Al203-Si02) 25F M : Mayenite(12Ca07-Al203) H PCrl;llarl\l:I(e(Ca(OH)Z)
sl S Sseudo\ivo:la(s:tu?me(COaOSS::())Z)) Sl g Zif:%';:zgg% A203-5i02) Al . a%zz%g‘gg)s‘oz)
@ @ @
§ or % 15 &
> = >2r
B or 2 2
s S 10+ [
E0r £ £
£ £ 41
5L 05}
or 00} or
16 2‘0 3‘0 4‘0 50 50 76 15 z‘o 3‘0 5‘0 t;o 7‘0 0 1‘0 26 3‘0 4‘0 go éo 75
2Theta 2Theta
(c) BF slag (H) (d) LF slag (H) (e) KR slag (H)

Fig. 1. XRD pattern of slag
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Table 2. Mixing ratio of raw mix using mixed slag

(a) Mixed slag (H) (Unit : wt.%)
Res:gg;en | Cacos | ALO; | S0 | Fe:0s l\g‘l’;d
0% 79.12 | 3.68 | 14.81 | 240 | 0.00
3% 7612 | 297 | 1335 | 181 | 575
6% 73.12 | 226 | 1190 | 123 | 11.50
9% 70.12 | 154 | 1044 | 0.65 | 1725
12% 67.12 | 083 | 898 | 0.06 | 23.00
(b) Mixed slag (P) (Unit : wt.%)
Res:gg;en | CacOs | ALO; | S0, | Fe:0s l\g‘l’;d
0% 79.12 | 3.68 | 14.81 | 240 | 0.00
3% 7612 | 312 | 1381 | 192 | 5.04
6% 73.12 | 256 | 12.80 | 144 | 10.08
9% 70.12 | 2.00 | 11.80 | 096 | 15.12
12% 67.12 | 144 | 10.80 | 048 | 20.16
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Table 3. Fineness and mortar flow of cement using slag for CaCOs replacement

o CaCOs replacement using LF Slag KR Slag BOF Slag
Classification OPC ™ 6% CaCOs3 % CaCOs 3 %
Fineness (cmz/g) 3,652 3,610 3,757 3,740 3,627
Mortar Flow (mm) 200 197 200 209 190
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Fig. 2. Compressive strength of cement using slag for
CaCO; replacement.
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Fig. 3. Compressive strength of cement using mixed slag
(H) for CaCO; replacement.
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Table 4. Fineness and mortar flow of cement using mixed slag (H) for CaCOj; replacement

. . CaCOs replacement ratio of mixed slag (H)
Classification OPC
3% 6% 9% 12%
Fineness (cmz/g) 3,652 3,848 3,855 3,984 3,865
Mortar Flow (mm) 200 185 188 197 200
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Table 5. Fineness and mortar flow of cement using mixed slag (P) for CaCO; replacement

CaCOs replacement ratio of mixed slag (P)
Classification OPC
3% 6% 9% 12%
Fineness (cm¥/g) 3,652 3,886 3,851 4,066 3,979
Mortar Flow (mm) 200 198 202 202 207
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Fig. 4. Compressive strength of cement using mixed slag
(P) for CaCOs; replacement.

4] 3,851 cm¥g, 9 % THA| 4,066 cm¥/g L 12 % A
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Table 6. Mixing ratio of raw mix for LSF 94 and 96 (Unit : wt.%)

LSF Re;():lzge?rient CaCO; ALOs SiO, Fe,05 Mixed slag (H)
92.0 0% 79.12 3.68 14.81 2.40 0.00
12% 67.12 0.83 8.98 0.06 23.00
940 0% 79.47 3.62 14.56 2.35 0.00
12% 67.47 1.37 10.53 0.43 20.20
96.0 0% 79.81 3.56 14.31 2.32 0.00
12% 67.81 1.30 10.27 0.39 20.23
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Table 7. Fineness and mortar flow of cement using mixed
slag (H) for LSF 92.0~96.0

LSF 92.0 94.0 96.0
Fineness (cmz/g) 3,865 3,847 3,906
Mortar Flow (mm) 200 205 194
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—@LSF 94
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40

Compressive Strength (MPa)

30

28
Curing Time (Days)

Fig. 5. Compressive strength of cement using mixed slag
(H) for LSF 92.0~96.0.
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Table 8. Content of clinker mineral as LSF 92.0~96.0 (Unit : wt.%)

LSF Regzgggem Alite Belite Aluminate Ferrite Sum
020 0% 57.02 23.14 9.05 10.79 100.00
12 % 55.89 22.67 8.87 10.57 98.00
040 0% 62.10 18.35 8.92 10.63 100.00
12% 60.85 17.98 8.74 10.42 97.99
060 0% 67.03 13.70 8.79 10.48 100.00
12% 65.68 13.42 8.61 10.27 97.98
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