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Abstract—Geopolymer (cement-free) concrete is the most 
promising green alternative to ordinary Portland cement concrete and 
other cementitious materials. While a range of different geopolymer 
concretes have been produced, a common feature of these concretes 
is heat curing treatment which is essential in order to provide 
sufficient mechanical properties in the early age. However, there are 
several practical issues with the application of heat curing in large-
scale structures. The purpose of this study is to develop cement-free 
concrete without heat curing treatment. Experimental investigations 
were carried out in two phases. In the first phase (Phase A), the 
optimum content of water, polycarboxylate based superplasticizer 
contents and potassium silicate activator in the mix was determined. 
In the second stage (Phase B), the effect of ground granulated blast 
furnace slag (GGBFS) incorporation on the compressive strength of 
fly ash (FA) and Slag based geopolymer mixtures was evaluated. 
Setting time and workability were also conducted alongside with 
compressive tests. The results showed that as the slag content was 
increased the setting time was reduced while the compressive 
strength was improved. The obtained compressive strength was in the 
range of 40-50 MPa for 50% slag replacement mixtures. 
Furthermore, the results indicated that increment of water and 
superplasticizer content resulted to retarding of the setting time and 
slight reduction of the compressive strength. The compressive 
strength of the examined mixes was considerably increased as 
potassium silicate content was increased.  

 
Keywords—Fly ash, geopolymer, potassium silicate, room 

temperature treatment, slag. 

I. INTRODUCTION 

EOPOLYMER is a relatively new cement-free material 
based on industrial by-products such as fly ash, slag, and 

metakoline. Geopolymer materials can play an important role 
in the context of sustainability and can provide viable solution 
for environmental issues related to the production of Portland 
cement. Cement industry is responsible for the second highest 
greenhouse gas emissions [1]. Carbon dioxide (CO2) 
emissions related to cement production are expected to be 
increased by 100% by 2020, which clearly indicates the likely 
impacts on global warming indices [2]. 

Geopolymer binding materials are emerging as a green 
alternative to Portland cement as they provide comparable 
mechanical performance and have significantly reduced CO2 
emissions [3]. It has been reported that Geopolymer 
 

Mohammed Kadhim Haloob Al-Majidi is with the University of Brighton, 
United Kingdom (e-mail: m.almajidi@brighton.ac.uk). 

cementitious material present high mechanical strength after 
curing at 60-75ºC for 24 hrs and remarkable durability 
properties such as low porosity, fire resistance, freeze-thaw 
resistance, low thermal conductivity, resistance to aggressive 
environment [4]-[6].  

Previous research indicates that several factors have an 
impact on the chemical reactions and subsequently on the 
strength development of geopolymer concrete including: 
mixing conditions; water content; chemical activator 
composition and dosage; raw materials; and curing conditions 
[7]-[9]. Xie and Kayali [10] highlighted the importance of 
water content not only on the workability of fresh geopolymer 
but also on the hardening phase and on the properties of the 
hardened concrete. Al-Otaibi [11] investigated the effect of the 
type and dosage of activator and the improvement of the 
strength with the increment of the dosage and with the 
increment of silicate modulus was observed. Nematollahi and 
Sanjayan [12] investigated the effect of different 
superplasticizers (naphthalene, melamine and 
polycarboxylate) on the workability and on the strength of fly 
ash geopolymer paste activated by two different activator 
combinations (sodium hydroxide and combination of sodium 
silicate with sodium hydroxide). Lloyd et al. [13] conducted 
microstructural analysis on geopolymer concrete activated 
with silicate-based and sodium hydroxide based solutions, and 
a more homogeneous microstructure was observed when 
silicate-based solution was used. 

In spite of the advantages of geopolymer materials, the 
utilization of geopolymer in large production scale is very 
limited as fly ash based geopolymer shows low reactivity at 
ambient curing conditions and high temperature curing is 
essential. There are a few studies focused on the improvement 
of the mechanical properties of fly ash based geopolymer 
cured under ambient temperature using additives and 
admixtures such as silica fume, metakaolin, blast-furnace slag, 
Portland cement, lime, and nanoparticles [2], [14]-[16]. 
Davidovits et al. [17] proposed a user friendly geopolymeric 
method based on fly ash, slag and using potassium silicate 
with molar ratio equal to 1.25 as alkaline activator. This user 
friendly geopolymeric method can improve the strength of fly 
ash geopolymer concrete as well as reduce costs by avoiding 
thermal activation and easier handling applications, but the 
addition of slag can also have drawbacks such as reduced 
workability and rapid setting times.  
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attributed to the fact that incorporation of more slag (source of 
Ca (Table I)) in the mix resulted to a matric with higher 
density due to the formation of additional geopolymerization 
products of C-S-H and hydrated aluminates calcium. This is in 
agreement with the findings of a previous study published by 
Deb et al., [6]. 

IV. CONCLUSION 

The present study investigated the fresh and hardened 
properties of slag and fly ash based geopolymer mortar. 
Fourteen geopolymer mixes were examined with different 
water, alkaline activator, superplasticizer, and slag contents. 
Setting time and workability tests were conducted to evaluate 
the characteristics of fresh geopolymer mortars while 
compressive strength tests were conducted for the mechanical 
performance of the hardened mortar. The results can be 
summarized as follows: 
 Relative slump and setting time were increased as the 

initial water and superplasticizer contents were increased, 
while at the same time the compressive strength was 
reduced.  

 Alkaline activator (potassium silicate) content was found 
to be a crucial parameter for the compressive strength. 
High Potassium silicate content (up to 12% of binder 
weight) was found to improve geopolymerization process 
leading to a more compact structure and strength 
development. 

 Flowability and setting time were reduced as the slag to 
binder ratio was increased. The accelerated 
geopolymerization reaction is attributed to the presence of 
slag in the mix. 

 The slag to binder ratio considerably affected compressive 
strength. As the slag to binder ratio was increased from 
15% to 50%, the 28 days mean compressive strength was 
increased from 22 MPa to 49 MPa. 
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