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ABSTRACT

3Ca0+3A1,05 - CaS04(C4A5S) clinker was synthesized by using industrial by-prodnct. The raw materials were used fly ash and
blast furnace slag(water and air cooling) for Al,O; material, by-product gypsum for SO3 material and natural calcite for CaO material,
respectively. The CSA type expansive was made by mixing C4A3S clinker, CaO and CaSO,. The hydration and physical properties
of ordinary portland cement substituted with 10 wt% CSA additive were investigated. The main hydration products were ettringite and
Ca(OH),. The densification and the expansion due to the formation of ettringite during hydration increased strength of compressive,
tepsile and flexual. But they reduced the drying shrinkage of hardened ccment.
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Table 1. Chemical Compositions of Starting Malerials

Chemical Composition(%)
Si0; | Al,Q5(Fe,05| CaO | MgO | SO; |Igloss
Limestone | 7.95 | 1.04 | 0.85 [4882| 078 | - | 39.85
Gypsum | 3.34 | 0.87 | 0.35 | 33.93| 045 [42.23 | 1640
Fly ash | 52.00|24.64| 591 | 679 | 1.72 | 0.86 | 7.64
Slag(W)" |31.55(15.47 | 2.28 |41.70 | 8.13 | 0.93 | 0.09
Slag(A)” |31.15(16.90 | 0.85 [43.59| 8.05 | 0.67 | 0.03

" Blast Fumnace Slag (Water Cooling)
) Blast Fumace Slag (Air Cooling)
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Table 2, Mixing Ratio of Raw Materials (wt %)

Raw Mix Raw materials Mole Ratio
No. Limestone | Fly ash | Gypsum c/s | AS
No.1 60 20 20 6.16 | 052
No2 50 30 20 545 073
No.3 70 10 25 6.97 | 031
No4 65 10 25 546 | 0.25

Limestone | Slag (W) | Gypsum
No.5 60 20 20 7.39 | 0.38
No.6 50 30 20 7.39 | 053
No.7 70 10 20 744 1 023
No.8 65 10 25 596 | 0.19
No.9 40 40 20 7.13 | 0.66
Limestone | Slag (A) | Gypsum
No.10 60 20 20 733 | 0.19
No.11 50 30 20 7.36 | 049
No.12 70 10 20 741 1 022
No.13 65 10 25 6.05 | 0.16
No.14 40 40 20 6.86 | 0.59

* 0/S=Ca0/S0s. A/S=AL0ySO,

Table 3. Chemical Compositions of Portland Cement Including
CSA Additives

Chemical Compsition(wt%)
Si0, | ALO; | Fe,O5 | CaO | MgO | 50; | IgLoss
OPC | 2221 | 597 | 354 | 6196 | 2.08 | 241 | 094
No.l | 21.00 | 571 | 3.29 | 60.81 | 2.04 | 533 | 0.86
No9 [ 2091 | 575 | 323 | 60.85| 2.17 | 527 | 0.88
No.14 | 2092 | 573 | 3.26 | 60.83 | 2.17 | 528 | 087
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Fig. 1. XRD patterns of C4A;S clinker synthesized at 1250°C
for (a) using fly ash, (b) using slag (W) and (¢) using
slag (A).
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Fig. 2. XRD patterns of C4A3§ clinker synthesized at various
firing temperatures for (a) No.1, (b) No.9 and (¢) No.14.
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Fig. 3. SEM photographs of C4A4S clinker synthesized at 900°C (a, b, ¢) and 1250°C (d, e ,b).

YA R



AARAELS o] 88t CSAA] HFAWES] A=

850 =

800 -

750

A" Concentration
{Ralatlve Inteansity, cps}

700 H

1%10° 4

%10

Ca® Concantration
[Rulativem Intensily, cps)

10"

6x10"

Hydratlon Time (hours)

SO,2 Concentralion
{Ralafive Intensity, cps}

Si"" Concantrallon
[Relatlve Inlansity, cps}

187

il
X

3 8x10%

3.6%10°

34x10%

3.2x10%

3m10*

2.8x10"

2.6x10"

2.4x10"

200 -

880 =

BED =

B40 ~

820

800 4

T80

T T ¥ T ¥ T —
0 1 2 3 4 3 &
Hydration Time (hours)
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Fig. 10. (a) Compressive, (b) tensile and (c) flexural strength of

various specimens.
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