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SOE THANDAR: STRENGTH DEVELOPMENT OF GEOPOLYMER MORTARS USING
CALCIUM CARBONATE SLUDGE AND FLY ASH PRECURSORS
THESIS ADVISOR: ASSOC. PROF. MENGLIM HQY, Ph.D., 69 PP.

Keyword: Geopolymer mortar, fly ash, calcium carbonate sludge, alkaline

activation, compressive strength, microstructural analysis, machine learning

This study examines the effects of alkaline activation on geopolymer mortars
produced from fly ash and calcium carbonate sludge (CCS) precursors. Key parameters
included NaOH molarity (5M, 10M, 15M), sodium silicate-to-sodium hydroxide ratios
(0:100-90:10), fly ash-to-CCS ratios (100:0-70:30), and liquid-to-binder ratios (0.3-0.5).
Optimal performance was achieved at an L/B ratio of 0.4, with several mixes surpassing
the reference cement mortar strength of 24.5 MPa. Higher NaOH concentrations (15M)
consistently shortened setting times and improved compressive strength. The addition
of CCS, a calcium-rich industrial by-product, prbmoted the formation of hybrid N-A-S-
H and C-A-S-H gels, leading to denser and more homogeneous microstructures.
Microstructural and mineraloéical analyses confirmed enhanced amorphous phasesl
and compact matrices, especially at higher NaOH levels. Machine learning models
(XGBoost with SHAP analysis) achieved high predictive accuracy for compressive
strength and identified the sodium silicate-to-NaOH ratio as the most influential factor,
followed by NaOH molarity. Overall, the results highlight the potential of CCS-fly ash
geopolymers as sustainable construction -materials through optimized mix design and

processing conditions.
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