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Foaming geopolymers (light-weight porous inorganic materials) were successfully synthesized by alkali activator of mixed 

color waste glass powder without/with pure graphite powder (0.1 wt%) and dry intercalated graphite powder(0.1 wt%) as foaming 
agents; the specimens were thermally treated at 500,600,700 and 800ºC for 1hour. An important volume increase was recorded (-
11.8-240.68%), (68.25-146.64%) and (43.79-968.54%) for MG-N5, MGG-N5 and MGIG-N5 respectively after thermal treatment. A sharp 
increase in volume (important swelling) and shape deformation was recorded for the specimens with intercalated graphite (MGIG-
N5 pastes) at temperature 600ºC. The microstructure and mechanical properties of these materials were also studied. The foaming 
geopolymers containing glass and graphite powder (G or IG) which were obtained from this work are strong candidates mostly 
for the applications demanding thermal insulation with favorable combination of light weight, porosity, mechanical strength and 
performance to produce construction materials. 
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1. Introduction 

 
Geopolymers (inorganic polymers) considered 

as relatively new materials which has possess a 
special properties and it can be used widely in 
various industry applications. Currently, these new 
materials are mainly applied in the construction and 
in the future may be replace the conventional 
concrete based on Portland cement. Actually, 
geopolymers are more desirable especially may find 
these new materials at anywhere which have 
applications used in the liners of cars and airplanes 
or used as foaming panels for the thermal insulation 
in shields for aircraft or in the building materials 
industry and as a composites materials for fireproof 
properties[1,2].  

In 1970, geopolymers have been used as 
fireproof materials-a core (made of wood) covered 
with two layers of geopolymers [3]. 

Foamed geopolymers (inorganic polymers) 
are light materials which can be applied in numerous 
areas of industry, particularly in building materials 
[4,5]. It is possible to obtain inorganic polymers as 
well as foams (porous materials) from glass 
precursors [5-8]. The phenomenon of intumescent 
can be obtained by the thermal treatment of 
inorganic polymers based on glass waste [7,8]. Also, 
the low durability in humid medium of inorganic 
polymers based on glass waste powder can be 
settled by a minor heating processing [9,10]. 

 

 The glass foams processing at low 
temperature is favorable methods which reuse glass 
waste [11]. Moreover, the reuse of the glass waste 
as solid materials considered as one of the most 
attractive and effective choices [12-14]. In addition, 
the recycling of glass used as raw materials 
minimizes the power consumption, extraction, 
processing and transportation of minerals [6]. 

Foaming materials based on glass were 
synthesized by thermal treatment of different types 
of glass powders or other sources of aluminosilicate 
minerals, in combination with swelling agents [15]; in 
other works others minerals like (metakaolin, blast 
furnace slag and fly ash) were added in order to 
achieve a high ratio of silica content[16,17]. The 
materials which was used as blowing agents 
includes aluminum nitride [17], magnesium 
carbonate, calcium carbonate, eggshells, calcite 
and dolomite [18], manganese dioxide and silicon 
carbide (SiC) [19], carbon and graphite [5].  

Chemical intumescent systems have been 
used as flame retardants for nearly 50 years. The 
effectiveness of these flame retardants depends on 
the heat-induced decomposition of the organic 
components, and the creation of a char layer that 
insulates the substrate from the heat source. 
However, as intumescent materials are required to 
address more severe and diverse applications, new 
approaches are needed that provide improved 
performance over conventional systems [20]. 
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