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Extended Abstract 
Geopolymer is no longer viewed as a concept for a greener society but rather as a pragmatic solution for reducing CO2 

emissions in the construction industry. It is commonly produced using industrial waste materials such as fly ash (FA) and 
phosphogypsum (PG). Globally, FA has an estimated annual production of around 1 billion tonnes and that of 
phosphogypsum is around 300 million tonnes, of which utilization stands at 50% and 15% of the total generated, respectively 
[1]. Geopolymers have been extensively studied as an alternative to ordinary Portland Cement (OPC) [2], [3] but to date, no 
study has been done to investigate the setting time and workability of geopolymerized fly ash-phosphogypsum paste and 
mortar. 

This research investigates the setting time and workability of geopolymerized fly ash-phosphogypsum paste (GPP) 
and mortar (GPM) using a Vicat needle procedure per ASTM C191 and the flow table test per ASTM C1437, respectively. 
The materials used were PG, Class F FA, silica sand, NaOH pellets of 99% purity, and Na2SiO3 solution of the composition 
Na2O = 8.3%, SiO2 = 27.7%, H2O = 64%, and Ms (SiO2/Na2O) = 3.34. The dissolution of NaOH pellets in water is an 
exothermic process [4] therefore the prepared NaOH solution was kept in a sealed glass bottle for 24 hours at room 
temperature to allow sufficient cooling before mixing with the Na2SiO3 solution. The specimens were prepared at 10M NaOH 
+ Na2SiO3 Ms of 3.34, Na2SiO3/ NaOH ratio of 1.5, Alkaline Liquid/Precursor ratio of 0.4, Binder/Aggregate ratio of 1.0, 
and varying PG at 10 wt% increments. As per ASTM C305 for mixing pastes and mortars, the preparation of the specimens 
started with dry mixing the FA with PG in a conventional pan mixer for 3 minutes, followed by the gradual addition of 
alkaline solution and wet mixing for 5 minutes. Soon after wet mixing, the manufactured paste and mortar were tested for 
setting time and workability. 

It was found that an increase in the PG wt% led to a decrease and/or acceleration in the initial setting time (INSET) 
and final setting time (FINSET) attributed to the rapid dissolution of Ca2+ in low alkaline concentrations outnumbering that 
of Al3+ and Si4+ and thus forming ettringite and C-A-S-H gel that facilitates hardening shortening the setting time [5], [6]. 
The INSET of GPP decreased from 37 min (at 10wt% PG) to 27 min (at 30 wt% PG) while the FINSET of GPP decreased 
from 155 min (at 10wt% PG) to 125 min (at 30 wt% PG). The INSET of GPM decreased from 29 min (at 10wt% PG) to 23 
min (at 30 wt% PG) while the FINSET of GPM decreased from 142 min (at 10wt% PG) to 113 min (at 30 wt% PG). 
Furthermore, the workability of GPP and GPM decreased with an increase in PG wt% attributed to faster hydration activity, 
accelerated setting, and increased viscosity. The workability of GPP decreased from 176 mm (at 10 wt% PG) to 138 mm (at 
30 wt% PG) while that of GPM decreased from 137 mm (at 10 wt% PG) to 112 mm (at 30 wt% PG). The development of 
GPP and GPM offers a sustainable circularity construction solution to minimize OPC usage and prevent the disposal of FA 
and PG in landfills. Future research should investigate the mechanical properties of GPP and GPM.  
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