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Mechanical properties and microstructural characterization of one-part
alkali-activated slag-based geopolymer mortars. Synergistic effects of
fly ash and cement
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(1 College of Water Conservancy & Architectural Engineering, Shihezi University, Shihezi, Xinjiang 832003, China;

2 Xinjiang Production & Construction Groups Engineering Laboratory for Seismic and Energy-Saving Building in High
Earthquake Intensity and Cold Zone, Shihezi, Xinjiang 832003, China)

Abstract: To develop a high-performance one-part alkali-activated slag-based geopolymer mortar, the synergistic effects of fly ash and
cement were investigated to optimize the mechanical properties and elucidate the underlying microstructural mechanisms. Within the
slag-based geopolymer system activated by solid sodium carbonate combined with silica fume, sixteen mix proportions were designed—
incorporating both single and combined additions of fly ash and cement—for mechanical performance testing. The optimal mixture was
further analyzed using microstructural characterization techniques to examine its morphology and reaction products. Results demonstra-
ted that the inclusion of 10% fly ash and 10% ordinary Portland cement significantly enhanced the mechanical performance of the mor-
tar. At 7 days, the optimized formulation achieved a flexural strength of 5. 92 MPa and a compressive strength of 44. 01 MPa, repre-
senting improvements of 75.67% and 79.78% , respectively, compared to the reference 100% slag-based geopolymer. Microscopic
structural analysis demonstrated that the synergistic interaction between fly ash and cement markedly accelerated the geopolymerization
process. Moreover, the bridging effects between C-( A)-S-H and N-A-S-H gels effectively suppressed the initiation and propagation of
microcracks, thereby contributing to a highly densified matrix structure. The findings of this study offer a solid theoretical foundation for
the practical implementation of slag-based gel materials in engineering applications.
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Table 1 Test mix proportions B I .kg-m™®

TR GGBS OPC FA Na,CO, SF 7K bER
G100FOPO 455.00 0 0 68. 25 68.25 266. 18 1250
G90F10P0 409. 50 0 45.50 68. 25 68.25 266. 18 1250
G80F20P0 364. 00 0 90. 00 68. 25 68.25 266. 18 1250
G70F30P0 318. 50 0 136. 50 68. 25 68.25 266. 18 1250
G95F0P5 432.25 22.75 0 68. 25 68.25 266. 18 1 250
G90FOP10 409. 50 45.50 0 68. 25 68.25 266. 18 1250
G85F0P15 386.75 68. 25 0 68. 25 68.25 266. 18 1250
G85F10P5 386.75 22.75 45.50 68. 25 68.25 266. 18 1250
G80F10P10 364. 00 45.50 45.50 68. 25 68.25 266. 18 1250
G75F10P15 341.25 68. 25 45.50 68. 25 68.25 266. 18 1250
G75F20P5 341.25 22.75 90. 00 68. 25 68.25 266. 18 1250
G70F20P10 318. 50 45.50 90. 00 68. 25 68.25 266. 18 1250
G65F20P15 295.75 68. 25 90. 00 68. 25 68.25 266. 18 1250
G65F30P5 295.75 22.75 136. 50 68. 25 68.25 266. 18 1250
G60F30P10 273. 00 45.50 136. 50 68. 25 68.25 266. 18 1250
G55F30P15 250.25 68. 25 136. 50 68. 25 68.25 266. 18 1250
(2) B 3 RE il 25 FA 1 OPC (s {ERLAE 50 51 R 9.59 pum (12,10 pm
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Figure 1 Particle size distribution of precursor materials
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Table 2 The chemical composition of precursor materials BAL.%
JE R Si0, AL O, Ca0 Fe,0, MgO Na,O K,0 S0, Ti0, HA
GGBS 31.43 8.62 46.09 0. 63 6.56 0.96 0.63 2.43 1.61 1.04
FA 45.94 17. 14 13.29 10. 21 3.73 3.32 2.46 1.52 1.03 1. 36
opPC 18.76 3.89 64.78 4.41 1.51 0. 81 0.76 3.53 0.31 1.24
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Figure 2 X-ray diffraction of the precursor material
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Figure 3 Microscopic morphology of the precursor material
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flexural strength of mortar
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Figure 8 The influence of the combined effect of fly ash

and cement on flexural strength
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Figure 9 The influence of the combined effect of fly ash

and cement on compressive strength
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Figure 10 XRD patterns of slag-based

polymer mortar
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Figure 11 Microscopic morphologies under different proportions of fly ash and cement
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