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ABSTRACT 
New geopolymerized materials are developed in Jordan using local materials and alkali solutions. The geopolymerization process is 
achieved by activating the raw kaolinite with alkaline sodium hydroxide solution. Silica sand and volcanic tuff are added as fillers. The 
increase of silica sand has improved the workability of the mixture. The addition of zeolitic tuff has also increased the compressive 
strength and the physical properties of the products. 
The new geopolymer was cured at temperatures under 80 °C for 24 hr. The results have confirmed that natural kaolinite satisfy the criteria 
to be used as a precursor for the production of high quality inexpensive, stable materials. The produced geopolymers proved to be highly 
durable under different physical and chemical conditions. The products gave a high unconfined compressive strength values higher than 50 
MPa for dry conditions. Crystalline sodium aluminium silicate phases dominated mainly by Na-zeolites are responsible for the high 
compressive strength.  
The high strength, heat resistance, low production cost, low energy consumption, and low CO2 emissions suit the use of the geopolymers 
as a substitute of Portland cement and ceramics. 

1. INTRODUCTION 
  Current research at the University of Jordan concentrates 
on developing building products (geopolymers) through 
geopolymerization. The goal is to produce low cost 
construction materials for green housing as an alternative 
to traditional Ordinary Portland Cement (OPC). The 
recently produced construction materials are characterized 
by high strength, high heat resistance, low production cost, 
low energy consumption, and low CO2 emissions.  
The produced geopolymers have indicated stable strength 
under ambient, de-ionized water, wet-dry cycles, sea 
water, and sodium sulfate conditions [1]. Clay minerals 
(calcined clay), mining wastes, and slag are considered as 
a good source of aluminium-silicate precursor. Jordan is a 
rich country in natural mineral resources. One of the 
important sources of aluminium silicates is kaolinite [2]. 
Chemical polymerization of koalinite is suitable for use as 
construction materials. Through chemical polymerization 
reactions, minerals such as clay could be hardened and 
transformed into useful construction materials. These 
mineral polymers are produced at low temperature by 
using minimal energy input. In this process, the 
aluminium-silicate from kaolinite reacts with alkaline 
solution at low temperatures and produce three-
dimensional mineral phases, which are stable and hard 
materials. The structure maintains electrical neutrality as a 
result of aluminium substitution for silicon in the 
tetrahedral layer and the compensation of the negative 
charge by the available cations such as Na+. The recent 
work at the University of Jordan indicated that mineral 
polymerization technique could utilize the Jordanian 
industrial rocks and minerals [3]. The influence of using 

Jordanian deposits as tripoli, porcelanite, diatomite, 
palygorskite, and zeolitic tuff was recommended for the 
new geopolymers products [3; 4]. Inexpensive functional 
fillers like silica sand and zeolitic tuff were used in 
different proportions to help in stabilizing the produced 
geopolymers [1; 5; 6]. 
The following work will focus on reviewing and 
evaluating the mechanical performance and stability of 
low temperature geopolymers produced from Jordanian 
kaolinite. 
 

2. MATERIALS AND TECHNIQUES 
 The materials and techniques were described in details [5; 
6]. Jordanian kaolinitic clay (as a source of aluminium 
silicate) with a purity of more than 60% from El-Hiswa 
deposits was used [1]. Preparation of the Jordanian 
kaolinite samples involved crushing, grinding and sieving 
of an oven dried sample (at 105 oC) to obtain a grain size 
less than 425μm. Then the samples were mixed in 50 L 
plastic drum for several times for homogenization. Silica 
sand with 99% quartz content was used as a filler to 
provide high mechanical properties. The sand was washed 
with distilled water and sieved to obtain a grain size 
between100 and 400 μm. 
NaOH was used as an alkaline activator for the dissolution 
of aluminium silicate precursor. Water was the reaction 
medium and the optimum water content was close to the 
plasticity limit. The optimum curing time at 80oC was 
determined to be around 14 hours [1; 5]. The optimal 
ratios of the mixture were determined depending on the 
best compressive strength, the optimal curing temperature 
and time for the geopolymer specimens [1; 5].  The 

mailto:khouryhn@ju.edu.jo
mailto:jwastiel@irexchange.vub.ac.be
mailto:hrahier@vub.ac.be


 Place Conference Title, Location, and Dates Here 2 
 

 
Insert PSN Here 

composition of the optimized mixture to produce 
geopolymers at 80oC after 14 hours curing time is given in 
Table 1. Zeolitic tuff was added as filler in different 
proportions up to 100 % to substitute for sand (khoury 
2011). Their thermal behaviour was investigated up to 
1100 oC [5; 6; 7].  
                 
Table 1:  Composition % of the geopolymer mixture 

Clay Sand NaOH H2O 
100 100 16 22 

 
 The geopolymers’ specimens were prepared from from 
Jordanian kaolinitic deposits as a source of aluminum 
silicate. Silica sand was used as a filler to provide high 
mechanical properties (SS) and NaOH solution was used 
as an alkaline solution [1; 5; 6; 7].  
Homogeneous mixtures were prepared (Table 1) using a 
controlled speed mixer (mixing speed was 107rpm for 2 
min followed by 198 rpm for 10min). Good mixing is 
important to obtain homogeneous and comparable 
specimens and to avoid the agglomeration of the mixture. 
Each mixture (series) was divided into specimens (50 g 
each). The mixture was moulded immediately after 
weighing to avoid drying and decrease of the workability 
of the mixture. The paste was moulded in a stainless steel 
cylinder (diameter of 25mm and height of 45mm) at a 
pressure of about 15MPa (Carver hydraulic laboratory 
press). The moulded specimens of each series were cured 
by placing them in a ventilated oven (Binder-ED115) at 80 
◦C for 24 h. After curing, the specimens were cooled down 
at room temperature.  
 

3. RESULTS AND DISCUSSION 
 The obtained results demonstrated that the optimization of 
sand particle size , clay particle size ,clay/sand ratio and 
sodium hydroxide percentage play good role in 
enhancement of the mechanical properties of the 
geopolymer [3]. The use of potassium hydroxide in the 
geo-polymerization process gave a better unconfined 
compressive strength results than sodium hydroxide. The 
tensile strength gave higher results by using sodium 
hydroxide.  
The clay deposits from Jordan gave unconfined 
compressive strength values up to 52 MPa for dried 
samples. This value has been increased to 57 MPa by the 
immersion of the geopolymer samples in 10% solution of 
triethylene glycol.  
The maximum obtained unconfined compressive strength 
is 90 MPa was obtained by adding rock wool and heating 
to 500 oC for one day [4]. 
The Jordanian clay from south Jordan is effective in the 
geopolymerization process [1; 7]. Geopolymers were 
produced by the activation of the raw material of the 
Jordanian kaolinite with alkali solution of sodium 
hydroxide and adding silica sand as filler. The 
compressive strength and the workability of the 

geopolymer were influenced by the proportions and 
properties of the components that make the geopolymer 
paste. The increase of silica sand has improved the 
workability of the mixture and the compressive strength of 
the geopolymer specimens. The optimal components ratios 
gave acceptable compressive strength of 41MPa under dry 
conditions and 23 MPa under wet conditions. 
Geopolymerization of Jordanian clay is mainly related to 
the formation of sodium aluminium silicates and sodium 
zeolitic phases, namely Na-phillipsite, hydroxyl sodalite 
and natrolite [1]. The geopolymer specimens’ performance 
was satisfactory under the ambient, de-ionized water, 
sodium sulphates, and seawater conditions [1]. The effect 
of addition of pozzolanic tuff on the physical and chemical 
properties of the geopolymers was investigated. The 
results have indicated that the replacement of 50% 
pozzolanic tuff gave the maximum compressive strength 
after 14 days curing time under dry and wet conditions. 
The decrease in quartz filler has decreased the 
compressive strength. The geopolymer specimen’s exhibit 
maximum mechanical strength (55 MPa) after heat 
treatment at 500 °C before it has dropped down to 14.2 
MPa at 900 °C [5; 6]. Figure (1) is an SEM 
microphotograph illustrating the non complete 
consumption of kaolinite flakes and the formation of 
sodium aluminium silicate new phases that act as a 
binding material. 
The addition of zeolitic tuff has improved the physical and 
chemical properties of the geopolymers [5; 6]. Figure (2) 
illustrates that the addition of 50% zeolitic tuff (pozzolan) 
gave the maximum compressive strength. The produced 
geopolymers with zeolitic tuff exhibit high mechanical 
performance and high adsorption capacity for heavy 
metals [8; 9]. Figure (3) illustrates in the SEM 
microphotograph the effect of heat on geopolymerization 
and the formation of zeolites. At higher temperatures these 
geopolymers maintained or improved their mechanical and 
physical performance after heating up to 600 °C. The 
geopolymers heated up to 1000°C did not show any major 
melting [6; 7]. 
 
 

 
Figure 1:   SEM photomicrograph illustrating the non-
complete consumption of kaolinite flakes. 
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Figure 2:   Compressive strength vs tuff % [6; 7]. 

 

 
Figure 3:   SEM photomicrograph illustrating the effect of 
heat (up to 1000 oC) on geopolymers and the formation of 
zeolites. 
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Figure 4:   Compressive strength of geopolymers with 
ageing for 180 days at ambient and immersed conditions 
[1; 10]. 
 
The ageing for 180 days on two groups of prepared 
geopolymers under dry and immersed conditions indicated 
that the immersed specimens exhibit the same trend of 
compressive strength as the dry specimens (Fig. 4). The 
overall reduction in compressive strength varies between 
50% and 60% [1; 10]. The compressive strength of cyclic 
specimens is stable with wet and drying cycles. Such 

results confirm the stability and durability of geopolymers 
under these conditions. 
 

4. CONCLUSIONS 
 The results of current research at the University of Jordan 
on geopolymers have confirmed that natural geomaterials, 
e.g. kaolinite, satisfy the criteria to be used as a precursor 
for the production of inexpensive and durable construction 
materials.  
 Chemical stabilization of natural Jordanian geomaterials 
(kaolinite) could be used to produce low cost construction 
material to replace cement, save energy and minimize air 
pollution. Geopolymers with compressive strength higher 
than 50 MPa under dry conditions and higher than 21 MPa 
under water saturated conditions were obtained. The 
obtained materials are environmentally friendly and need 
low energy to be produced. The new products could suit 
the use of kaolinite in green housing. The addition of 
zeolitic tuff as filler to the produced geomaterials has 
improved their mechanical and physical characteristics.  
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