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• Geopolymer membranes have several advantages 
compared to other membranes.

• Geopolymer membranes can be manufactured in an 
eco-friendly way. 

• Raw materials and operating conditions have a direct 
effect on the produced membrane.

• Geopolymer membranes are used in several 
applications and show high efficiency.
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1. Introduction

Waste is generated in huge amounts and affects the environment 
negatively. It is generated in several forms such as solid, liquid, and gas 
emissions. Solid waste generation has become an important issue in 

recent years, particularly in developing countries. Agricultural waste, 
industrial waste, hazardous waste, construction and demolition waste 
(CDW), and municipal solid waste are the different types of solid waste. As 
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Waste generation issue is considered a major problem, especially with the high rate of population growth. This matter doesn’t include only municipal waste, it also extends to the 
industrial effluents that are produced in huge amounts. These pollutants affect natural resources and change the properties of soil, water, and air. The undesirable environmental impact 
is maximized when the effluent is non-biodegradable, such as construction and demolition waste, fly ash and, blast furnace slag in the case of solid waste, and wastewater contaminated 
with heavy metals or dyes in the case of liquid waste. Accordingly, waste management techniques are applied to mitigate or reduce the hazardous impact on the environment. In this 
manner, solid waste is recycled to produce alkali-activated membranes that are used to eliminate the undesirable constituents in wastewater. Alkali-activated membranes are inorganic 
membranes manufactured using kaolin or metakaolin as the main raw material in addition to fly ash or blast furnace slag. In order to fabricate these membranes, a variety of raw 
materials, chemical activators, pore-forming agents, curing time, and curing temperature may be applied, then the product is tested to make sure that it will withstand the operating 
conditions. In this paper, different fabrication parameters of alkali-activated and geopolymer membranes and their effect on product properties are illustrated.

https://www.msrjournal.com/article_709136.html
http://www.msrjournal.com/article_43282.html
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illustrated in Table 1, Egypt produced around 90.76 million tonnes of solid waste in 

2016, from which approximately 5.8 million tonnes are designated CDW [1]. CDW 

typically contains 40 - 50 percent concrete and bricks, 20 - 30 percent wood, and the 

remaining 20 - 40 percent is made up of miscellaneous components such as metals, glass, 

insulation materials, and electrical parts [2]. 

 

 

Table 1 

Solid waste categories [1] 
 

Solid waste categories Amount of waste, million ton 

Agricultural waste 31 

Channels and drain cleaning 25 

Municipal solid waste 21 

Construction and demolition waste 5.8 

Industrial waste 4.9 

Sludge 2 

Hazardous waste 0.54 

Medical waste 0.52 

 

 

On the other hand, about 40% of the global population suffers from water 

scarcity from which about 783 million people can’t find pure water. 

Accordingly, water scarcity doesn’t happen due to water shortage only, but 

also as a result of water pollution that affects water quality delivered to 

people. These problems become a real danger, especially with the current 

frequency of population growth that increases very rapidly [3]. It is known 

that the water poverty limit for achieving self-sufficiency in drinking, 

agricultural, and industrial uses is 1000 cubic meters per capita. According to 

this definition, Egypt is considered one of the countries that suffer from water 

poverty, as in 2017, the population was about 92 million people, while the 

usage this year was about 80.25 billion cubic meters, which is considered 

lower than the poverty level [4]. 

Wastewater can be defined as water that has altered physical, chemical, 

or biological characteristics due to its application in domestic, agricultural, or 

industrial purposes. In Egypt, the industrial sector consumes about 5.36 

billion cubic meters annually from freshwater supplies, while the amount of 

wastewater released to the Nile River is about 1.38 billion cubic meters per 

year [5]. Fig. 1 shows the industrial contribution to water pollution as water 

may be contaminated with microorganisms, detergents, fertilizers, dyes, or 

heavy metals, so wastewater treatment procedures become a must before 

discharge or recycling to be used for another purpose [6].  

 

 

 

 
 

Fig. 1. Industry contribution percent in total water pollution load 

 

 
Fig. 2. Four R’s rule for waste management 

To mitigate the amount of waste generated one or more of the four R’s 

rule of waste management techniques are applied to mitigate this hazard. This 

rule summarizes the main techniques followed worldwide to protect the 

environment which are reduction, reusing, recycling, and recovery. The order 

in which these techniques are considered is from the top to the bottom of the 

hierarchy as shown in Fig. 2 [7]. At first, several trials are performed to 

prevent or reduce the amount of waste generated from the source itself, and 

then the waste is reused or recycled, if possible, while energy recovery is only 

available in the case of organic wastes. Finally; the residual amount of waste 

should be dumped in an environmentally friendly way [8]. 

In this manner, the purification of wastewater is a considerable solution 

to the water shortage problem. Consequently, different applications and 

treatment steps are applied, such as coagulation and flocculation, chemical 

precipitation, adsorption, and membrane separation. One of the most 

commonly used applications in water and wastewater treatment is membrane 

separation technology [9]. 

 

 

2. Membrane Separation Technique 

 

Membranes are filters designed with selective layers to be able to 

separate different materials concerning particle size. They are generally 

applied for separation, purification, and concentration of mixtures, while the 

most common applications are water and wastewater treatment [10,11].  
 

2.1. Advantages of Membrane Separation Technology 
 

Membranes have several advantages that characterize this way and allow 

it to be the most widely used application in different applications such as 

[10,12–16]: 

- Low energy consumption when compared with thermal separation 

processes, as thermal techniques depend on successive evaporation/ 

condensation to eliminate the not-required substances. 

- Suitable for heat-sensitive materials, where they may be used in the 

ambient temperature 

- No change in the chemical composition of the filtered materials, 

consequently it doesn’t need further purification 

- It requires a simple device with easy operation, control, and 

maintenance 

- High separation efficiency due to its high selectivity 
 

2.2. Membrane Classifications 
 

The main factors affecting membrane fabrication are the mechanical 

strength of the produced membrane to be able to withstand the applied 

pressure and the pore size that controls membrane selectivity. Thus, they are 

classified based on the raw materials from which they are fabricated into 

organic and inorganic membranes. Organic membranes are mainly fabricated 

from polymeric materials, while inorganic membranes may be ceramic or 

metallic membranes. The inorganic membranes become dominant due to their 

chemical, mechanical, and thermal stability. Also, their fabrication from 

different oxides and sintered materials allows them to withstand various 

regeneration techniques using chemical reagents or by applying pressurized 

water [3]. They also may be categorized based on pore size into 

Microfiltration (MF), Ultrafiltration (UF), Nanofiltration (NF), and Reverse 

Osmosis (RO) as shown in Table 2 [3,17]. 

Ceramic membranes are commonly fabricated through pressure-driven 

processes, in which high pressure is applied in one direction causing a 

reduction in pore size. This reduction affects the permeability of flow and 

selectivity as well. Also, to get the required mechanical strength and porosity, 

the product is sintered at a high firing temperature. Consequently, high carbon 

dioxide emissions have evolved affecting the environment badly and 

increasing the negative impact of greenhouse gases [18]. To overcome the 

drawbacks of ordinary ceramic membranes, a new trend in the fabrication of 

inorganic membranes has been developed, in which inorganic membranes 

may be fabricated by recycling solid waste after chemical activation through a 

geo-polymerization reaction. 

 

 

 

Reduce Reuse

Recycle Recover

4 R's rule
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Table 2 

Membrane categories [17] 
 

Category Pore size Driving force Mechanism Particles removed Industrial applications 

Micro-filtration < 10 m 1 – 5 atm Sieving - Microorganisms 

- Solid-liquid extraction 

- Separation of oil-water emulsions 

- Beverage and pharmaceutical industries 

- Biological treatment of wastewater 

- Pre-filters to remove large particles 

Ultra-filtration < 0.05 m 2 – 10 atm Sieving 

- Suspended solids 

- Viruses 

- Bacteria 

- Macromolecules 

- Separation of oil-water emulsions 

- Fruit juice clarification 

- Milk and whey production 

- Pharmaceutical’s purification 

- Potable water production 

- Secondary or tertiary wastewater treatment 

Nano-filtration < 1 nm 5 – 50 atm Sieving 

- Dissolved salts 

- Most organic molecules 

- All viruses 

- Water treatment processes for softening hard water and 

color removal 

Reverse Osmosis < 0.1 nm 10 – 100 atm 
Solution 

diffusion 

- Minerals 

- Monovalent ions 

- Seawater desalination 

- Fruit juice concentration 

- Cheese whey concentration 

- Ice-making 

- Car wash water reclamation 

Electro-dialysis 

Electrically 

charged 

membranes 

Electrical 

potential 

Electrostatic 

diffusion 
- Dissolved salts 

- Water treatment 

- Recovery of materials in effluent streams 

 

 

3. Alkali-Activated Materials and Geopolymer 

 

They are crosslinked structures innovated recently using chemically 

activated aluminosilicate materials to produce new materials with high 

mechanical strength that reach hardening rapidly. They have two categories 

according to the ratio between silicon and calcium (Si/Ca ratio), high calcium 

systems that form calcium-aluminum-silicate-hydrate gel and low calcium 

systems that form sodium-aluminum-silicate-hydrate gel. The high calcium 

system depends on fly ash (class C) and blast furnace slag as the main raw 

materials besides metakaolin, while the low calcium system depends mainly 

on fly ash (class F). The low calcium system is also known as geopolymer 

[19,20]. 

 The word "geopolymer" is composed of two parts; "geo," which denotes 

that the substance is obtained from the ground, and "polymer," which is 

considered the result of the combination of some monomers. Generally; 

polymers are defined as organic materials composed mainly of carbon atoms 

as they can share with similar or different atoms up to four electrons. In the 

case of polymerization; it gains one, two, or three electrons from these 

different atoms, and the rest of the electrons required to reach stability are 

taken from a carbon atom and so on. In the same way; silicon combines with 

four oxygen atoms to fill its outer orbit leaving negative charges to be able to 

combine with another molecule [21]. 

In 1984, the produced slag from the blast furnace of iron – which is 

considered waste from the iron industry – was treated with some alkalis, and 

then it was added to the Portland cement. The product is characterized to 

determine its setting properties and the rate at which hardness occurs, and it 

was found that this new binder shows rapid hardening. At the beginning of 

the 6th decade in the last century; this process was performed using sodium 

chloride (NaCl) and sodium hydroxide (NaOH) as activating agents to 

produce alkali activated slag cement. By the end of that decade, sodium and 

calcium hydroxides were applied as solidification reagents, as they react with 

clay minerals (aluminates and silicates) to produce sodium and calcium 

aluminosilicate hydrates [21]. 
 

3.1. Geopolymerization Reaction 
 

It is a reaction that occurs between a solid material and a liquid chemical 

activator. The solid material should be a reactive aluminosilicate material 

such as metakaolin, fly ash, blast furnace slag, etc. The most commonly used 

aluminosilicate source is metakaolin which is obtained by calcination of 

kaolinite. Clay that is mostly made up of kaolinite (Al2Si2O5(OH)4) is calcined 

at temperatures between 600 and 900˚C to produce metakaolin (Al2Si2O7) as a 

result of the de-hydroxylation reaction as illustrated in the equation (1) 

[22,23].  

 

2 3 2 2 2 3 2 2600 900
.2 .2 .2 2

Calcination

C
Al O SiO H O Al O SiO H O

− 
⎯⎯⎯⎯⎯⎯→ +  

 (1) 

 

 

The next step involves adding alkali hydroxide to the mixture of 

metakaolin and water to trigger a reaction that creates a three-dimensional 

geopolymer with an amorphous or semi-crystalline structure. The chemical 

activator is an alkaline solution usually sodium hydroxide (NaOH) or 

potassium hydroxide (KOH). It is selected according to several factors, such 

as the cost of production, heat evolved due to dissolution, viscosity, and 

availability [22,23]. 

The polymerization process of aluminosilicate is considered a 

polycondensation reaction. Polycondensation is a chemical condensation 

process to produce a polymer by linking monomers to form long chains 

releasing water or a similar simple substance. In the case of geopolymer, 

aluminosilicate forms a suspension in the alkaline solution forming an 

intermediate gel phase with a disordered structure, then polymerization occurs 

after the reorganization of monomers. The final step is the hardening that 

happens after a suitable curing time due to water evaporation as shown in Fig. 

3 [24,25]. 

 

 

 
 

Fig. 3. Reaction mechanism of the polymerization process 

 

 

Geopolymer materials are characterized by high pH due to applying the 

alkali solution that helps accelerate the process, and the ratio between raw 

materials causes changes in chemical, mechanical, and thermal properties of 

the generated materials due to the change in the microscopic structure of the 

product as shown in Table 3 [24,25]: 

 



A. M. El-Sayed et al. / Journal of Membrane Science and Research 10 (2024) 2000889 

 

4 

 
 

Table 3 

The effect of the ratio between silica and alumina on geopolymer structure [24,25] 
 

Silica-alumina ratio Geopolymer name Chemical structure 

Si/Al = 1:1 Poly(sialate) 

 

Si/Al = 2:1 Poly(sialate-siloxo) 

 

Si/Al = 3:1 Poly(sialate-disiloxo) 

 

 
 

3.2. Advantages of Geopolymer and Alkali-Activated Membranes 
 

Geopolymer and alkali-activated membranes have several advantages 

over the ordinary ceramic membranes such as [22,27]: 

1. Consumption of construction wastes, such as silica and alumina are 

considered their main raw materials. 

2. After small curing periods; the strength reaches higher values than that of 

the ordinary building materials due to the high alkalinity of the applied 

solution. 

3. Having good resistance to chemical attack. 

4. Having good durability. 

5. Reduction in energy consumption and consequently the emissions of 

greenhouse gases are reduced.  
 

3.3. Raw Materials of Geopolymer and Alkali-Activated Membranes 
 

Different types of raw materials may be used for the production of 

geopolymer and alkali-activated membranes. These materials should be rich 

in silica and alumina such as clay or metakaolin, but to keep this production 

beneficial economically, and environmentally friendly, waste materials are 

crushed, ground, and blended with metakaolin using an alkaline activation 

solution to form a membrane with acceptable properties [28–30]. In the 

following paragraphs; different raw materials for geopolymer production and 

their sources are illustrated. 
 

3.3.1. Fly Ash 
 

Fly ash is defined as a waste material produced in the form of fine 

particulates through the combustion process of coal. From this definition, it is 

clear that it is produced in too high amounts due to the large-scale use of coal 

in power generation worldwide [31]. It is usually disposed of in landfills, but 

it causes fatal effects on the environment due to the leaching of heavy metals 

in soil and groundwater besides the large area requirements for landfilling 

[32]. It is shown in Fig. 4 that about 25% of the annual production of fly ash 

is utilized, while the rest is still a source of hazard [33,34].  

Generally; coal is categorized according to the degree of conversion of 

the vegetable source into coal into high-rank coal with a black color and low-

rank coal with a brown color [35]. The American Society for Testing and 

Materials (ASTM) classifies fly ash into two types according to the category 

of coal from which it is generated [31,34]. Class F is the most common one as 

it is generated from high-rank coal, while class C is the residue from low-rank 

coal [35]. Both of them consist of the same elements but with a different 

chemical composition which mainly appears in the percentages of calcium, 

silicon, aluminum, and iron oxides as shown in Table 4, but the most common 

oxide that differentiates between the two types is the calcium oxide, as it 

exists with percentage higher than 10% in class C, while in class F its 

percentage is very low [21,31,33–35]. 

 
 

Fig. 4. The global production of fly ash and the utilization percent in each country 

Table 4 

Main elements present in different classes of fly ash [21] 
 

Oxides types Class F (%) Class C (%) 

CaO < 10 (1.3 – 4.1) >10 (13.9 – 49) 

SiO2 47.2 – 54 18 – 24.8 

Al2O3 27.7 – 34.9 12.1 – 14.9 

Fe2O3 3.6 – 11.5 6.3 – 8.7 

Other oxides* 2.4 – 10.7 8.9 – 16.9 
*The other oxides may be magnesium, sodium, potassium, and sulfur [21]. 

 

 

Fly ash is widely used in alkali-activated membranes and it shows high 

removal efficiency besides its excellent mechanical properties. Panyang He et 

al. used fly ash as the main raw material to generate a membrane to be applied 

in oil removal from water. They found that the separation efficiency was very 

high and exceeded 98% [36]. 
 

3.3.2. Blast Furnace Slag 
 

The iron production process is a process performed in the blast furnaces 

at a very high temperature of about 1500˚C by mixing iron ore with both coke 

and limestone to produce molten iron as a main product and blast furnace slag 

as a by-product. Slag is considered a by-product as it is produced in very large 

amounts where every ton of iron is accompanied by about 200 – 400 kg of 

slag. The density of slag is lower than that of iron, so it is considered a useful 

material that prevents oxidation of iron as it forms a top layer above the 

molten iron in a furnace. It is generated as a result of the combination of non-

metallic materials that react with iron ore to produce the main product. These 

materials are mainly silicon, aluminum, calcium, and magnesium oxides, so it 

is usually incorporated in the manufacturing of construction materials such as 

cement and building blocks. Blast furnace slag is generated in the molten 

form, so it should be cooled to be used in further applications. There are 

several ways for cooling and solidification of molten slag each of them 

produces a special type of slag as shown in Table 5 [37]. 

Generally; blast furnace slag is considered the most ancient additive in 

the generation of geopolymeric materials as discussed previously due to the 

presence of silica, alumina, and lime as the main components [21]. These 

components give it the hydraulicity that allows it to be used in the 

manufacturing of membranes [38]. The performance of alkali-activated blast 

furnace slag is examined through the removal of COD and water from ethanol 

[39,40]. 
 

3.3.3. Red Mud 
 

The Bayer process is a hydrothermal reaction in which alumina is 

extracted from bauxite ore. In this process, bauxite is treated using caustic 

soda at elevated temperatures to eliminate the undesired solid materials that 

are called red mud. Red mud is rich in alumina, silica, iron oxide, and calcium 

oxide, so it is widely applied in the manufacturing of ceramic materials [41–

43]. Red mud is generated in large amounts, as the production of one ton of 

alumina is accompanied by various quantities of red mud ranging from 0.5 to 

two tons according to the chemical composition of bauxite [44]. Now, it is 

widely used in the preparation of alkali-activated membranes because of its 

chemical composition which enhances the properties of the product [45,46]. 
 

3.3.4. Silica Fume 
 

It is a by-product from an electric arc furnace during the production of 

silicon in its elemental form or silicon alloys such as ferrosilicon alloy using 

high-purity quartz. This process occurs by the reduction of quartz using coal 

at about 2000℃ to produce silicon that reacts with oxygen to form silicon 

dioxide vapor. Silicon dioxide vapor is condensed when temperature 

decreases to produce very fine spherical particles with particle diameters 

ranging from 0.1 to 0.3 𝜇m called silica fume, micro-silica, or silica dust 

[47,48]. The handling of these particles is very difficult, so they are 

commonly handled in the form of water slurry. Silica fume is an amorphous 

structure with silica content ranging from 85% to 95% according to the source 

and type of alloy produced [47,49]. For this reason, silica fume is applied in 

alkali-activated membranes to enrich the material with silica, also it is 

provided as a pore-forming agent [50,51]. 
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Table 1 

Classifications of Blast furnace slag [37] 
 

Type Method of cooling and solidification Properties Applications 

Granulated Rapid quenching using high-pressure water jets 
Its particle size is less than 5mm and may be ground to be used in 

further applications 
Ordinary cement 

Air-cooled Open pits under atmospheric conditions 

Crystalline 

Hard material 

High density 

Road pavement 

Expanded 
Mechanically using a small amount of cooling 

water 
Lightweight 

Building bricks 

Light concrete 

 

 

3.4. Effect of Preparation Parameters on Membrane Properties 
 

The application of different raw materials, chemical reagents, and pore-

forming agents besides the change in preparation parameters are studied in 

several publications to determine their impact not only on the mechanical 

properties of the membrane but also on the rejection percent of different 

contaminants. 
 

3.4.1. Silica to Alumina Ratio 
 

Martine Youmoue et al. used metakaolin as the main raw material and 

applied silica fume to adjust the Si/Al ratio besides being a pore-forming 

agent. After the preparation of several samples with various additives it was 

observed that, when the Si/Al ratio increases, porosity increases, and 

consequently permeability increases leading to higher removal of methylene 

blue dye from water. While compressive strength decreases due to poor 

polycondensation [52]. This observation is demonstrated in another 

publication, using blast furnace slag as the raw material and it is concluded 

that, as the Si/Al ratio increases up to 2.6, the compressive strength increases, 

but when the ratio exceeds this value, excess silica becomes ineffective and 

hence compressive strength begins to decrease [51]. 
 

3.4.2. Activator Concentration 
 

The type of activator and its molarity affect the compressive strength. In 

this manner, fly ash-based membranes were prepared after activation using 

sodium silicate/sodium hydroxide solution with a mass ratio equal to 2.5:1. By 

comparing the results obtained from the publication of Pavithra Parthasarathy 

et al. and that of Saeed Gul et al., it was found that as the molarity of NaOH 

increases, the compressive strength decreases [53,54]. The effect of the 

presence of hydroxide ion was taken deeply into consideration through the 

research done by Pavithra Parthasarathy et al. and it was observed that 

compressive strength increases with increasing the molarity of NaOH, 

however after a certain limit, the strength begins to decrease. This happened 

because of the rapid precipitation of aluminosilicate gel which leads to fast 

hardening and stops the geopolymerization reaction preventing some 

precursors from forming and causing a negative impact on the mechanical 

strength [53]. 

Other publications tried to study the concentration of activators using 

metakaolin-based membranes and it was found that the samples prepared 

using 10M NaOH and Na2SiO3: NaOH equals 1.5 reached 41.46 MPa 

compressive strength [55]. While using 18M NaOH and Na2SiO3/NaOH with 

a molar ratio of 4.3, the compressive strength improved and reached about 62 

MPa [56]. This phenomenon occurs as alkali-activated systems require the 

addition of soluble silicate up to the saturation level to get the final physical 

and chemical properties of the product. To maintain silicates soluble in the 

paste and to activate the aluminosilicate precursor, high alkalinity medium is 

essential [57].  
 

3.4.3. Pore-forming agent 
 

The percentage of pore-forming agents has an obvious effect on 

compressive strength, porosity, pore size distribution, and consequently 

membrane performance. Xue-min Cui et al. used hydrogen peroxide as a pore-

forming agent and studied the impact of increasing its percentage from 0.7 to 

1.1% on compressive strength and the results showed that the compressive 

strength was affected negatively, as it decreased by about 69.5% [58]. Also, 

Tee Tan et al. compared the pore size of two samples. The first one is non-

foamed and the second one is foamed using 1.2 wt% hydrogen peroxide 

(H2O2) as a pore-forming agent. The results showed that, in the case of non-

foamed samples, the micropores are the dominant as pore size ranges from 9 – 

40 nm with an average pore size of 17.58 nm. In the case of the foamed 

sample the pore size distribution has a wide range and the pores are not 

consistent due to the existence of both micro and macropores, so the average 

pore size increases apparently and becomes 56.47 nm. Also, increasing the 

percentage of pore-forming agents allows the combination of pores-forming 

channels inside the membrane that are controlled according to the constituents 

that should be eliminated [59]. 

On the other hand, the type of pore former also changes the properties of the 

geopolymer membrane. Amir Khattak et al. tried to apply hydrogen peroxide 

and starch separately as pore formers with percentages ranging from 0 to 15%. 

They concluded that, after evaporation of hydrogen peroxide, the pore size 

increased up to 6.6 𝝁m, while in the case of starch pore size increased up to 

3.45 𝝁m. Thus, the samples prepared using H2O2 have lower compressive 

strength than the samples prepared using starch. Also, the porosity in the case 

of H2O2 is higher than that in the case of starch [60].  
 

3.4.4. Water Content 
 

Increasing the initial water content or water/ solid ratio is desired to 

provide high porosity and, in some cases, large pore size, but it affects the 

surface area negatively. Throughout dehydration, high water content causes 

channels in the membrane which affect the strength of the membrane and 

decrease the surface area exposed to contaminated medium. This effect was 

studied by Xuemin Cui et al. and it was found that increasing the H2O/Na2O 

ratio from 18 to 22 decreases the surface area from 37.8739 to 2.8522 m2/g 

[61]. 
 

3.4.5. Curing Temperature 
 

The activation temperature is a critical factor in the fabrication of alkali-

activated membranes. It was studied in several publications where metakaolin 

is used as a silica/alumina source and sodium silicate/sodium hydroxide 

mixture is applied as a chemical activator. Xuemin Cui et al. found that the 

compressive strength is 18.67 MPa when the activation is performed at 60℃ 

[61], while Saeed Gul et al. achieved high values of compressive strength up 

to 62 MPa when the samples were exposed to hydrothermal treatment at 90℃ 

[56]. This obvious increase in compressive strength with increasing the curing 

temperature is due to the effect of temperature on the rate of reaction which 

causes rapid hardening and increases the probability of the interaction 

between particles, so geopolymerization occurs properly [62]. 
 

3.4.6. Curing Time 
 

Zhang et al. and Pavithra Parthasarathy et al. studied the effect of varying 

curing times on the mechanical strength of the final product. They found that, 

as time increases, the reaction proceeds yielding a harder product [53,63]. 
 

3.5. Effect of pH of The Medium and Concentration of Contaminants 
 

From the previous studies, it was found that the pH value of the medium 

and the initial concentration of contaminants affect the rejection percentage 

strongly. As described by Yao Jun Zhang et al. and G. Pugazhenthi et al. the 

removal percentage of contaminants depends mainly on the chemical form of 

the salt or heavy metal to be removed. For example, chromium compounds are 

ionized in water in different forms as they may exist in the form of HCrO4
 –, 

CrO4
 2–, or Cr2O7

 2–. In this context, the most favorable pH range for the 

removal of HCrO4
 – is the acidic medium with a pH range of 1- 6.5, and CrO4

 

2– requires a basic medium with pH greater than 8, while for concentrations of 

Cr(VI) more than 10-3 M, Cr2O7
2–exists with HCrO4

 – [64,65]. 

 

 

4. Conclusion 

 

Currently, the waste generation issue is the main problem worldwide, and 

its hazard maximizes with the rapid population growth. Thus, the reduction, 

reusing, recycling, and recovery are considered the golden rules to mitigate 

this problem. Water and wastewater treatment are essential to overcome water 
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shortage, so several techniques are applied to improve water quality. Between 

these techniques, membrane separation technology especially using inorganic 

membranes becomes one of the promising techniques due to its ability to 

withstand chemical attack, easily deal with the heat sensitive materials, and its 

high selectivity. Besides the many advantages of inorganic membranes, it still 

requires high fabrication costs due to the high sintering temperature required. 

Consequently, geopolymer membranes surpass ordinary inorganic membranes 

as their fabrication is performed under low temperatures. Also, it may be 

manufactured using solid waste as raw materials to reduce the negative impact 

of this waste on the environment. 

It is concluded that the preparation parameters have a great impact on the 

physical and mechanical properties of the membrane as summarized below: 

• Si/Al ratio influences the mechanical properties of alkali-activated 

membranes as the addition of Si increases the compressive strength and 

decreases the porosity. While excess amount of silica causes a negative 

impact on the mechanical properties due to the excess is not effective 

causing low polycondensation. 

• High alkalinity improves the properties of the membrane as it allows 

silicate to be soluble in the paste until it reaches the required properties of 

the membrane. 

• A pore-forming agent is provided to enhance the porosity, but it affects 

mechanical strength negatively, so its concentration is adjusted to control 

the pore size. 

• Initial water content is a critical factor as it is important for the 

workability of the prepared sample, but it influences both surface area and 

compressive strength of the membrane badly. Thus addition of water is 

adjusted to control the porosity. 

• Compressive strength increases as curing temperature and curing time 

increase due to the progress that occurs in geopolymerization reaction 

causing hardening. 
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