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ABSTRACT

Due to the revised Korean standard KS L 5201 for Ordinary Portland Cement (OPC), the use of mixed cement has grown from
5% to 10%. This study investigates the hydration behavior of C;A, asit is a cement mixture that is more commonly used than
granulated blast furnace slag or limestone alone. Paste samples were prepared with either granulated blast furnace slag or limestone
alone. Each sample was compared with the widely used Rietveld method with a cement mixture containing blast furnace slag or
limestone. The hydration behavior of C;A in each OPC sample was assessed and results were analyzed. Granulated blast furnace slag
promotes a high initial level of ettringite, but as the days passed, it promotes an increase in monosulfate, leading to cracks and
expansion due to the penetration of sulfates in the solution. However, when limestone is added to the mixture, a transformation of
ettringite to monosulfate occurs in the presence of the CaCOj; in the limestone. It is considered that this produces hemi-carbonate and

mono-carbonate and thus maintains the ettringite level.
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Fig. 1. Qualitative analysis(XRD) of N-OPC.

600000

» Calcite (CaCO,)
4 Dolomite (CaMg(CO,),)
¥ Quartz (Si0,)

450000 = Muscovite (KAL(ALSi,0,)F,OH),)

300000

Intensity (cps)

150000

>
. > v > > » »> e (=
0 _——*\_&)_A_JLJL_« A N ¥
T T T T T T T T
10 20 30 40 50 60 70
20

Fig. 2. Qualitative analysis(XRD) of limestone(L).
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Table 1. Rietveld Analysis of N-OPC
Phases N-OPC (mass%)
Alite (3Ca0-SiO,) 62.6
Belite (2Ca0-SiO,) 152
Aluminate (3Ca0-Al,O3) 8.5
Ferrite (4CaO-Al,05°Fe,05) 9.3
Gypsum (CaSO,4:2H,0) 3.0
Lime (CaO) 1.4
Table 2. Rietveld Analysis of Limestone(L)
Phases Limestone (mass%o)
Calcite (CaCO3) 79.3
Dolomite (CaMg(COs3),) 18.7
Quartz (Si0,) 1.3
Muscovite

(KAI,(AISi;04¢)F,0H),) 07
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Fig. 3. Qualitative analysis(XRD) of blast furnace slag (BFS).
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Table 3. Rietveld Analysis of Blast Furnace Slag(BFS)
Blast Furnace Slag

Phases (mass%)

Melilite

(2Ca0-Al,05Si0,- 0.5

2Ca0-Mg0O-2Si0, mixed)

Glass 99.5
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Rietveld #4152 $]8F XRD(PANALYTICAL Co. EMPY-
REAN)?] S ZAL 40kV, 30mA°] =3ZtE 5-75%9]
™, step size:= 0.026°, step scan speed= 2°/minZ Table 6
o Yebith

Rietveld 342 HighScore Plus(PANALYTICAL Co.)

Table 4. Chemical Composition of Law Materials (Mass %)
Low Materials CaO SiO, ALO;  Fe,O3 SO, Na,O K,O MgO TiO, Ig-Loss SUM
N-OPC 62.6 21.2 5.0 3.4 2.5 - - 2.3 - 1.3 98.3
Limestone 50.1 4.0 0.9 0.4 - - - 1.8 - 41.6 98.8
Blast Furnace Slag 50.0 29.6 12.7 0.9 1.8 0.2 0.5 32 0.6 0 99.5
Table 5. Mixing Ratio of Raw Materials
N-OPC (%) Limestone (%) Blast Furnace Slag (%) W/B (%) Hydration Time (days)
N-OPC 100 - -
L5 95 5 -
L10 90 10 -
L20 80 20 -
S5 95 - 5
S10 90 - 10
0.5 1, 3, 7, 28
S20 80 - 20
S30 70 - 30
S5-L5 90 5 5
S10-L5 85 5 10
S20-L5 75 5 20
S30-L5 65 5 30

Al k81
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Fig. 4. Flow chart of the rietveld analysis.

Table 6. Rietveld-XRD Instrument Settings

Instrument Settings

Diffractometer PANalytical empyrean
Goniometer 0-0, radius 240mm
Source Cu-Ka (A=1.54 ), line focus
Generator 30mA, 40kV
Sample
Surface diameter (mm) 26
Spinning rate (Hz) 1
Preparation Auto loading
Indicident optics
Monochromator None
Programmable divergence slit 0.5° (fixed)
Incident anti-scatter slit 1°
Receiving optics
Programmable anti-scatter slit 1° (fixed)
Solar slit 0.04 radians
Detector Fixcell 3D
Scan info
Angular range (26) 5-75°
Step (26) 0.026
Length linear detector (26) 3.3473
Time per step (s) 310
Measurement time (min) 60
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Fig. 5. Hydration reaction of C3A in N-OPC.
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Fig. 6. Production amount of ettringite in N-OPC + BFS.
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