Supplementary Material
Microstructural Insights of Geopolymer Mortar Containing Cenosphere: Effects on 
Fresh Properties and Durability
S.1. Fine Aggregate Particle Size Distribution
Fig. S.1 shows the particle size distribution of the natural sand used in the studied geopolymers.
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Fig. S.1: Particle size distribution curve of fine aggregate
S.2. Flowability
Fig. S.2 illustrates the appearance of the geopolymers and OPC mortar just after the flowability test. All geopolymer mixtures were fabricated without adding excessive water or superplasticizers. The formulation emphasized the alkali activator, which constituted 60% of the binder, and absorption water for fine aggregates as a liquid component. Given that, a shiny, sticky, and highly cohesive nature of geopolymer mortar was observed in contrast to OPC. This effect can be attributed to the high viscosity of the Na2SiO3 solution and glass content [4]. Moreover, the geopolymer mortar indicated a higher tendency to flow by the action of gravity than OPC in the fresh state.  
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Fig. S.2: Flow table (a) S100, (b) S75-CE25, (c) S50-CE50, (d) S25-CE75, and (e) OPC
S.3. Water Absorption
Water absorption tests were conducted on 50.8x50.8x50.8 mm samples. The procedure for water absorption was adopted from ASTM C642 [2] to measure it at 28 and 91 days. The specimens were first cured in a curing chamber till testing age and then placed in an oven at 105 ± 5°C for 24 hours. Water absorption was calculated by Eq. S1 as shown below. 
	
	Eq. S1


Where m1= Saturated surface dry (SSD) mass; m2= Oven dry mass
Fig. S.3 shows the water absorption of all geopolymer specimens and OPC mortar at 28 and 91 days. The water absorption of all mix designs increased with age and can be related to the increased porosity of mixtures over time. The OPC mortar showed the least water absorption among all mixes. 
Cenosphere incorporation effectively increased water absorption with increasing percentage substitution. The maximum water absorption was recorded for S25-CE75, reaching up to 19.3% at 91 days followed by S50-CE50, S75-CE25, and S100. The water absorption values for S50-CE50, S75-CE25, and S100 were found to be 13.4%, 12.1%, and 10.2%, respectively at 91 days. 
The elevated water absorption observed with greater cenosphere integration can be ascribed to its spherical morphology, increased porosity, reduced packing density, and equilibrium moisture content (EMC) approximately 18 times greater than that of sand [11-13]. Barbare et al. [14] also documented that cenospheres exhibit a notable capacity for water absorption, surpassing even that of sand by a significant margin. This occurrence can be ascribed to open pores arising from the spherical shape and hollow interior of the cenospheres [15, 16]. 
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Fig. S.3: Water absorption of all geopolymers and OPC mixtures at 28, and 91 days
S.4. Surface Electrical Resistivity
Electrical resistivity is a key parameter that provides reasonable information about the resistance capacity of a material against the flow of current. In this study, electrical resistivity was determined by the Resipod Proceq apparatus. This simple apparatus includes 4 probes having a space of 38 mm between each other which meets the guidelines of the AASHTO T 358 surface resistivity test method [3]. The Resipod Proceq method for assessing electrical resistivity involves passing current through the outer probe and measuring the resulting potential difference with the inner probes. The tests were conducted on 40x40x160 mm specimens. The ions in the mortar's pore solution enable the current flow, and the corresponding resistivity in (Ω∙m) can be calculated using Eq. S2.
	
	Eq. S2


Where: “ρ” is the electrical resistivity; “a” depicts spacing in probes; “V” corresponds to the potential difference; and “I” shows the current.
The surface electrical resistivity of OPC mortar and geopolymer mixes with different substitution levels of cenosphere at 3, 7, 28, 56, 91, and 119 days are exemplified in Fig. S.4. The surface electrical resistivity of a material is indicative of its capacity to conduct electrical charge [17]. This characteristic serves as a valuable metric for assessing the pore connectivity in saturated materials. Composites with well-interconnected pores and less compact structures enhance the flow of electrical ions, resulting in lower electrical resistivity, and conversely, materials with denser structures exhibit higher resistivity [18]. Moreover, understanding electrical resistivity offers valuable insights into a material's susceptibility to the penetration of detrimental substances like salts, chlorides, and atmospheric CO2. This information proves crucial in gauging the material's resistance against deteriorating agents, thereby contributing to a comprehensive assessment of its durability and performance [17, 19].  
The surface electrical resistivity of all specimens increased with age. However, the extent of enhancement was different for each mix design depending upon the interconnected pores and characteristics of the microstructure. The enhanced electrical resistivity observed can be attributed to the gradual strengthening of mortar mixes, resulting in a more compact microstructure. This phenomenon is a consequence of the progressive filling of interconnected pores with hydration products over time [20]. 
The surface electrical resistivity assessment of the S100 specimen indicated the highest value among all mixes, peaking at nearly 700 Ω-m. After S100, the electrical resistivity of OPC was higher than all other mixes till 91 days, afterwards, S75-CE25 surpassed the OPC at 119 days. The S50-CE50 and S25-CE75 showed much less surface electrical resistivity than other formulations. The decrease in electrical resistance of geopolymer specimens with higher cenosphere incorporation can be attributed to the higher water absorption capacity of the cenosphere owing to its porous nature which is also evident from Fig. 6 [12]. Moreover, the spherical morphology of the cenosphere can generate pores in the microstructure resulting in reduced electrical resistivity [16].
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[bookmark: _Hlk161038597]Fig. S.4: Surface electrical resistivity of all geopolymers and OPC mixtures at different ages
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