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Abstract

With the proliferation of coal-fired power plants and chemical industries, there has been a continuous
accumulation of industrial by-products such as fly ash. Current disposal methods predominantly rely on
landfilling, which presents significant environmental challenges including heavy metal leaching, dust
pollution, and the underutilization of valuable silicon-aluminum resources. Furthermore, the construction
materials sector contributes substantially to CO: emissions, creating dual challenges in solid waste
management and carbon reduction that hinder circular economy development. Therefore, there is an urgent
need for a method that can efficiently deal with industrial by-products and also reduce the carbon emissions
of the building materials industry. At present, the preparation of alkali activated materials from industrial
solid waste can promote the efficient use of solid waste and the production process is green and
environmentally friendly. Based on the characteristics of alkali activated materials, an innovative technical
route was proposed for the preparation of alkali activated materials by the co-activation of calcium carbide
residue and Glauber's salt. The relationship between material composition and properties was established,
the dissolution mechanism and hydration reaction process of fly ash were analyzed. The mechanism of
strength development and regulation has been revealed. A detailed investigation is conducted on the alkali
efflorescence observed during the curing process, with corresponding preventive measures proposed. The
carbon emission and cost of alkali activated material in the complete preparation process were calculated to
provide theoretical and technical support for industrialization. Listed below are the main results:

Firstly, the feasibility of synergistic activation of fly ash by calcium carbide residue and Glauber's salt
for the preparation of alkali activated materials was confirmed, and influence in the properties of the
materials under different conditions were investigated, and the changes in the physical phase and the
structural development during the hydration process were analyzed. It was found that the best mechanical
properties of alkali activated materials were prepared with 10% activator content, 1:1 calcium carbide
residue: Glauber's salt, 21% water-solid ratio, and raw material particle size less than 75 um, and the best
mechanical properties of alkali activated materials were prepared under the maintenance of 50°C, with the
compressive strength of > 35 MPa and the flexural strength of > 5 MPa at 14 d. The coal fly ash was
dissolved rapidly under the joint action of calcium carbide residue and Glauber's salt, and then hydrated to
produce ettringite, C-S-H, C-A-S-H and N-A-S-H cementing materials. Under optimal conditions, the
alkali activated materials exhibit a denser microstructure and significantly reduced porosity.

Secondly, the effects of admixtures and precursor types on the properties of fly ash-calcium carbide
residue-Glauber's salt alkali activated materials were investigated, and a relevant model was established to

predict the development of the properties of the cementitious materials. It is found that naphthene



superplasticizer in fly ash system can change the charge distribution on the surface of fly ash particles,
increase ion leaching, promote the formation of N-A-S-H and C-S-H, make the microstructure denser, and
significantly improve the mechanical properties. The formation of C-S-H will be interfered with in the fly
ash silica fume system, resulting in a decrease in mechanical strength. In fly ash desulfurization gypsum
system has little effect. In addition, the prediction model of fluidity and compressive strength among
naphthalene superplasticizer, water-solid ratio and fly ash content was established, and the prediction
deviation was less than 10%.

Furthermore, the dissolution characteristics of fly ash under calcium carbide residue and Glauber's salt
were investigated, and the effects of alkali concentration and temperature on the leaching of Si and Al from
fly ash were analysed. The dissolution kinetics showed that the dissolution process was mainly controlled
by internal diffusion, and the linear relationship was higher in the reaction of high concentration. The
activation energies of Si and Al were 69.42 kJ/mol and 83.68 klJ/mol, respectively, for fly ash at a
concentration of 3.25 mol/L OH". The type of fly ash was analysed by chemical composition analysis, and
empirical formulas were established between nCa/(nSi+nAl) and the alkali activated materials properties;
the effect of raw material properties on the heat release of the alkali activated materials in the hydration
process was studied, and it was experimentally found that the Krstulovic-Dabic model was not adapted to
the early reaction of fly ash- Calcium carbide residue-Glauber's salt alkali activated materials, and that the
hydration process of the samples in late-stage reaction was: phase boundary reaction — diffusion process.
Based on the above findings as a guide, the method of adding an external Al source was proposed to
increase the early exotherm of the sample, shorten the induction time, accelerate the reaction process, and
thus improve the early strength.

Then, four-point semi-immersion method, water-saturated wet sand base method and full immersion
method were designed to evaluate the degree of efflorescence, and to clarify the composition and path of
efflorescence. Efflorescence is a process in which soluble salts in pores migrate with water under the
difference of humidity, and the components are mainly Na;SOs, Na,CO3-H>O and CaSOs4. The increase of
calcium carbide residue content, the addition of slag and the reduction of Glauber's salt can effectively
prevent the cracking and efflorescence of the samples; the organosilicon hydrophobic agent impedes the
migration of moisture in the system, which reduces the degree of efflorescence. The high specific surface
area and ion exchange properties of zeolite reduce efflorescence area by 69.86%; the addition of borax
changed the crystalline nature of efflorescence, improved the strength of the specimen and reduced the
degree of efflorescence shedding; the linking and friction effect of polypropylene fiber improved the
strength of the specimen, but the effect of inhibiting efflorescence was not good; the addition of blast
furnace slag aggregate reduces the degree of efflorescence and the degree of shedding, and enhances the

strength of the specimen. Through the analysis, the leaching of Na* is directly related to the degree of



efflorescence. The optimization of material composition and modified substances can reduce the
concentration of free alkali, increase the reaction rate, generate more hydration products, reduce the
porosity of the material, make the microstructure more denser, and reduce the degree of efflorescence.
Finally, a full life cycle evaluation of the production process of alkali activated materials with the
synergistic activation of calcium carbide residue and Glauber's salt was carried out. Its carbon emission and
cost were calculated by using the carbon emission factor method, and compared with the same grade of
cement-based supplementary cementing material and traditional alkali activated materials. Under the 20°C
curing process, Alkali activated materials activated by calcium carbide residue and Glauber's salt reduce
carbon emissions by 88.95% and 89.93%, and lower costs by 33.64% and 71.06%, compared to
cement-based supplementary cementitious materials and traditional alkali activated materials, respectively.
Under the 50°C curing process, Alkali activated materials activated by calcium carbide residue and
Glauber's salt achieve 65.96% and 77.01% reductions in carbon emissions, alongside 26.91% and 75.27%
cost reductions, relative to the same reference materials. Afterwards, experiments were carried out in the
factory, which provide a complete solution for the engineering application of alkali activated materials.
Key words: Fly ash-based alkali activated materials; Calcium carbide residue; Glauber's salt; Performance

optimization; Reaction mechanism.
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