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Fly ash (FA) and clinker ash (CA) are the two major solid wastes discharged from thermal power plants. FA|
has been widely recycled in the production of Portland cement (PC) and PC-based concrete. Recently, FA has
been used as an amorphous precursor of geopolymer (GP) that is a kind of low-carbon binder made off
aluminosilicate precursors and alkali-activator solution. The GP has high strength, excellent acid and fire
resistances, etc., providing an eco-friendly alternative to PC, but GP-based concrete has a lower carbonation
resistance, compared to PC-based concrete, which may hindrance the use of fly ash-based GP as a binder of
reinforced concrete. On the other hand, the CA, which is highly porous and granular waste, is mainly used as
roaded material or disposed in landfills at present. However, the CA has some amorphous components similar to
FA, which may allow CA to easily be recycled as fine aggregate in GP materials, but CA's porous structure may|
present challenges in the strength and durability of GP materials such as carbonation resistance.

In this study, in order to enable FA-based GP to be used as a binder of reinforced concrete, and to develop a
technology for the effective cycling of CA as fine aggregate in mortar or concrete, we first investigated the
potential of CA recycling in GP materials, and then developed a surface modifying technology by using sodium,
aluminate solution (AN) to improve the carbonation resistance of GP materials blended with FA or/and CA.

This doctoral thesis consists of five chapters, each of which is summarized as follows:

Chapter 1 introduces the environmental benefits of using industrial wastes or by-products like FA and CA,
and the discharging situation of FA and CA. As the global construction industry focuses on reducing carbon|
emissions, the geopolymers, using FA and active fillers such as ground granulated blast furnace slag (BFS) as
precursors, have been emerging as suitable alternatives to Portland cement (PC) due to its low carbon footprint.
This chapter also outlines the challenges of durability, especially carbonation resistance, of GP materials, and the
recycling of CA in concrete. On the basis of this background, the purpose and contents of this study were

presented.

In Chapter 2, the PhD candidate reviewed in detail existing studies on the geopolymers mixed with FA
or/and CA, examining their material properties, and showed the potential of GP and CA as PC substitute or natural
sand. FA-based GP has demonstrated low carbon footprints, but the past studies found that FA-based or blended
GPs generally exhibit lower carbonation resistance than PC, especially when they are cured in the ambient air,
Though the past studies proposed some measures to improve the carbonation resistance of GPs, the effectiveness|
is in doubt or lack of practical use. This chapter also identifies CA’s potential as fine aggregate, since its

aluminosilicate contents and reactivity in the alkaline solution may improve its internal structure and the
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interfaces between CA particles and GP paste. Based on the review of previous studies, the issues that need to be

addressed for the utilization of FA and CA in geopolymer materials have been summarized.

Chapter 3 describes the investigation on the use of sodium aluminate (AN) surface treatment to improve
carbonation resistance of FA/BFS-based GP materials. For the heat (80°C)-cured, FA/BFS-based GP mortars
using sea sand as fine aggregate, the AN surface treatment delayed the onset of carbonation of GP mortar and
reduced the carbonation rate by over 70%. The effects of GP formulation on the AN surface treatment to improve]
the carbonation resistance of GP mortar were also discussed. The AN surface treatment also reduced the
carbonation rate of the ambient (20°C)-cured, FA/BFS-based GP mortars for 23.9%, while this improvement is|
less than in the case of the heat-curing mortars. Also, the experimental results show that multiple treatment of AN
at different ages can further improve the carbonation resistance. These results indicate that the AN surface

treatment is an effective method to improve the durability of GP materials using FA as a precursor.

Chapter 4 describes the performances of FA/BFS-based GP concretes and mortars using CA as one of
precursors or part of fine aggregate, including fluidity, setting time or/and working time, compressive and flexural
strengths, and frost resistance, etc. The effects of different blending ratio of CA were investigated on the
performances, and optimal blending ratio were discussed. In addition, as a porous fine aggregate, the effect of CA
blend on the carbonation resistance of GP mortar was examined in detail. The AN surface treatment experiments
for the GP mortars with different alkali-activator solutions and different CA blending ratios were also conducted.
The results indicate that the use of CA as a precursor of GP will reduce the strength of GP, but when CA is used as
fine aggregate in place of 20% or less of natural sand, the properties of GP mortar such as fluidity and strength
will not be significantly reduced. Meanwhile, the improved AN surface treatment method, which dries mortars
after they are ambient-cured and then applies the AN on their surfaces, can significantly increase the carbonation
resistance of CA-blended, ambient-cured GP, which was superior to that of GP without using CA. The decrease of
carbonation rate of ambient-cured GP mortar for 78.1%. Moreover, the reactivity of CA in alkali-activator solution|
along with the AN surface treatment, can effectively enhance the interfacial transition zone (ITZ) between CA

particles and the GP matrix.

In Chapter 5 the conclusions of this study were summarized and the future works were described.
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