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Neutralization Resistance and Post-Neutralization Properties of Fly Ash and
Blast Furnace Slag Based Geopolymer Concrete
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Geopolymer (GP), produced with industrial waste or by-product of rich Si, Al oxides and
alkali activator, is thought as a potential alternative to ordinary Portland cement (OPC) for its less
carbon dioxide emissions and mass waste recycling. Other advantages of concrete using GP as
binder over OPC concrete also include early strength growth, fire and sulfate resistances, and no
alkali aggregate reaction etc. However, detailed investigation of GP concrete’s durability,
especially carbonation resistance has been seldom conducted. For the practical use of GP concrete
in reinforced concrete, the clarification of carbonation resistance of ambient-cured GP concrete is
very important. :

~ The most readily available GP source materials are fly ash (FA) and ground granulated blast]
furnace slag (BFS) in Japan, and the most commonly used alkali activators are sodium silicate,
hydroxide or their mixture. Although FA and BFS can be used independently to produce GP,
FA-based GP concrete, cured in the ambient air, has low compressive strength. Hence, in case of]
curing the ambient air, the addition of BFS is recommended for achieving a practical strength. In
this study, the neutralization resistance and post-neutralization properties of FA&BFS-based GP|
concrete activated by sodium hydroxide and sodium silicate were investigated.

Carbonation reaction is always considered as a main reason of alkalinity drop of OPC
concrete. Correspondingly, the carbonation resistance was firstly investigated for FA&BFS based
GP concrete, and was compared with OPC concrete with the same compressive strength. The
experimental results showed that FA&BFS-based GP concrete, using 30% BFS, had a lower
carbonation resistance than the normal OPC concrete.

Then, the carbonation depths of various FA&BFS-based GP concretes and GP mortars were
measured by the accelerated carbonation test at different elapsed times. After discussing the
relationship between the carbonation depth and the carbonation period based on the experimental
results and by theoretical analysis, two root functions (x=at', a: carbonation rate coefficient)
were proposed to describe the carbonation rate of FA&BFS-based GP concrete, and GP mortar,
respectively. The reciprocal number of root values (1/n) are 0.31 for GP concrete and 0.22 for GP
mortar, differentiating from OPC concrete, of which the 1/n value is 0.5.

The influencing factors of carbonation resistance of FA&BFS-based GP concrete were
further investigated in detail, through comparing the carbonation rate coefficients of different GP
concretes or mortars. It can be mainly concluded that the carbonation resistance increases with|
increasing BFS ratio in active fillers (AF), NaOH content in active activator solution (AS), and
BFS' fineness, or with reducing AS/AF ratio and water/AF ratio. Moreover, heat-curing and
addition of the retarder showed benefits to the improvement of the carbonation resistance of]
FA&BFS based GP concrete.




In moisture environment, alkali activating matters, remained in the pores of GP concrete,
may dissolve out through continuous pores opening to the outside, which are formed during
dehydration polymerization reaction of GP. The neutralization behaviors of FA&BFS-based GP
concrete in different environments, including water immersion environment, wet-dry repeating
environment besides CO» atmosphere, were thus investigated by measuring neutralization depth
and pH value. And the neutralization resistances of GP mortar in different environments were
compared with the OPC mortar cured under the same conditions. The experimental results
indicate that GP concrete can also be neutralized to great degree under wetting, or in wet-dry
repeating conditions, which implies that water absorption and evaporation would result in the
neutralization of GP concrete. And FA&BFS-based GP concrete had a lower neutralization|
resistance than OPC concrete in water, and wet-dry repeating environments. However, curing at
high temperature can improve the neutralization resistance of GP concrete.

Furthermore, the effects of neutralization on the compressive strength of FA&BFS based GP
mortar, and the changes in the ingredients and micro-structure of GP mortar were investigated
together with OPC mortar under four kinds of environmental conditions. As the results, it is found
that except in the wet-dry repeating environment, the compressive strength of ambient-cured
FA&BFS-based GP mortar increased after being neutralized in other three environments. After
neutralized in water immersion and wet-dry repeating environments, cubic-shaped calcite crystals
with different sizes were found in the OPC mortar samples. However, many crystals shaped like
flower in bloom were observed in GP mortar neutralized in the wet-dry repeating environment.
The main elements of the flower-shaped crystals were C, Ca, O, and Si. But Na,COs crystal was
Judged as the main carbonation product of GP mortar in the accelerated carbonation (constant,
humidity and CO; concentration) and carbonation-dry repeating environments.
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