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Mechanism of autogenous shrinkage of hybrid calcium oxide and sodium
carbonate-activated slag mortars
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Abstract: To investigate the mechanism of the effect of calcium oxide and sodium carbonate activated slag on the
autogenous shrinkage of alkali-activated cement, an alkali-activated slag martar (AM) was prepared using calcium
oxide and sodium carbonate (molar ratio of 1: 1) as the combined activator. The effect of combined activator Na,O
equivalent (i.e. the by weight ratio of Na,O produced by the reaction of the combined activators to slag, i. e.
2.5% ,4.5% ,6.5% and 8.5% ) on the autogenous shrinkage of AM was investigated. The hydration products
and microstructure were characterized by X-ray diffraction, thermogravimetric analysis, mercury intrusion
porosimetry,, and nuclear magnetic resonance. The results indicate that with the increase of Na,O equivalent, the
increase of water consumption due to the reaction of activators and pore structure refinement leads to the increase of
pore pressure, and the amount of absorbed Na* increases due to the increase of amount of Si** in C = (A) =S -H
replaced by AI’* | resulting in the increase of C — (A) —S — H slippage. The increase of hydration degree induces
the increase of the amount of hydration products, resulting in the increase of the autogenous shrinkage. AM with
Na, O equivalent of 6. 5% 1is the best group with its mechanical properties higher than those of ordinary Portland
cement mortar (OM ), but its autogenous shrinkage greater than that of OM due to its lower crystal content and
denser pore structure.
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Tab.1 Main chemical composition of slag

Ay Si0, Ca0 ALO, MgO Fe, 0,

w/ % 33.32 29.95 15.19 10. 68 0.63

S0, MnO K,0 NaO, TiO, Lol

0.6 0.36 0.36 0.68 0.42 5.38
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Tab.2 Mix proportion of mortar and paste kg m ™’

2051 K i Ca0  Na,COs b2 K
OM  579.7 0 0 0
AM2.5 544.1 12.3 23.3
AM4.5 0 518.7  21.1 39.9  1159.4 260.9
AM6. 5 495.5  29.1 55.1
AMS.5 474.4  36.4 68.9
OP  1294.4 0 0 0
AP2.5 12149 27.5 52.0
AP4.5 0 1158.2  47.1 89.1 0 582.5
AP6.5 1106.4 65.0  123.0
AP8.5 1059.3 81.3  153.8
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Tab.3 Mass loss of main phases in OP and AP and nominal crystal-amorphous ratio
Bt R/ % Y s
251 ST/ % 2 SRR
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AP6.5 10. 16 2.95 1.96 2.13 24.66 0.69
AP8.5 12.85 3.01 1.52 2.60 26.96 0.55
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20 51 0%/% Qf stag) /% Q1 End of chain) 7 % Q*(1A1) /% 0/% Ly m(Al)/m(Si) /%

opP 33.78 0 45.64 0 21.08 3.36 — 76.71
AP2.5 10. 02 20.30 32.85 24.86 11.93 5.00 0.18 67.67
AP4.5 9.77 17.07 31.69 32.05 8.72 5.58 0.22 72.46
AP6.5 5.71 9.49 30.05 43.53 11.23 7.09 0.25 84.81
AP8.5 2.58 10.29 30.34 44. 14 12.63 7.20 0.25 87.11
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