Engineering of CaO-Al,O,-FeO,-Si0, slags for hybrid cements
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INTRODUCTION

Ordinary Portland cement (OPC) is a large contributor to the global anthropogenic CO, production, about 8-9% of the total'. Alternatives with lower eco-impact such as
geopolymers and hybrid cements are investigated. Hybrid cements consist of 5-30% OPC mixed with a source that is used for inorganic polymer synthesis, such as fly ash or
slags, and an alkali activator with a lower alkalinity compared to activators used for IP synthesis, such as sodium carbonates or sulfates?.

In this work, the effect of the slag chemistry of synthetic CaO-Al,0,-FeO,-SiO, slags for the synthesis of hybrid cements, using Na,SO, as activator, was investigated. The
influence of the chemistry was investigated on the reactions using isothermal calorimetry and on the 2, 7 and 28 d compressive strength.

METHODS AND MATERIALS
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Calorimetry of the
same pastes

RESULTS

Table 1: Chemical composition of the studied slags in wt%, the In Figure 2, the compressive strength at 2, 7 and 28 days is shown. The 2 d
(FeO+Ca0)/(SiO,+Al,0;), FeO/Ca0 and Al,0,/SiO, molar ratios and the amorphous strength is significantly influenced by all three molar ratios (Figure 3a). The
content in wt%. predicted 2 d strength is as follows:
FeO+CaO FeO Al,O
| Chemical composition 2 d(MPa)=2.17 e +0.25——+29.13522_318
(FeO+Ca0)/ Amorphous St10,+Al,03 Ca0 S10,
FeO SiO, CaO ALO,; /. FeO/Ca0 Al,0,/SiO, fraction
(SiO,+Al,0,) - - . .
For 7 and 28 d, no statistically significant relationship was found between
RN 4]1.2 355 16.6 6.0 1.34 1.93 0.10 >98 strength and slag chemistry. However a relationship between slag chemistry and
CE BN 39.8 31.6 16.5 11.5 1.33 1.88 0.21 >98 strength gain (7 over 2 d compressive strength) has been found (Figure 3b). The
BB 559 336 3.7 6.4 1.36 11.94 0.11 92 highest compressive strength at 28 days was for the slags with higher CaO
S BB 57.4 281 3.6 10.5 1.51 12.62 0.22 >98 content (lowest FeO/CaO molar ratios), i.e. S-L-L-L, S-L-L-H and S-H-L-L.
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Figure 1: a) heat flow, b) relationship between the 48 h cumulative heat In the studied range of CaO-Al,0;5-FeO,-SiO, slags, a relationship
and the slag chemistry (molar ratios). between 2 d strength and the slag chemistry was found. For 28 d
30 | | | strength, the FeO/CaO ratio of the slag was proven. to be the most
. important. These results allow to propose well-defined slag
g o5 L -  _ chemistries for different products and performance requirements
= i (low and early strength requirements).
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