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Abstract 

Our strategy, which we developed a decade ago, aims to reduce pollution rates by treating the water generated from the 

dyeing process. Here we did the same study but using reactive dyes, by decolorizing red effluent 195 using two different types 

of geopolymer based on metakaolin. The factors affecting decolorization were studied such as the adsorbent dose, duration, 

different pH and finally the dose of dye used. 
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1. Introduction 

In recent times, research has been concentrated on 

creating substitute cementitious materialsto decrease 

the emission of greenhouse gases, which can improve 

the achievement of a sustainable environment. The 

acute need for sustainability forced the researcher to 

look into alkali-activated binders, commonly known 

as "geopolymers," which can be made from materials 

rich in aluminosilicates through to the 

geopolymerization process. The technique of 

geopolymerization is the release of silica, alumina, 

and lime while an alkaline activator interacts with an 

aluminosilicate source material to produce an 

aluminate-silicate hydrate, which is then condensed 

and hardened[1,2]. The aluminosilicate source may 

come from the nature, such metakaolin and volcanic 

ash, or from industry, like fly ash (FA)and blast 

furnace slag (GGBFS)[2, 3].Additionally, when 

compared to conventional Portland cement, 

geopolymers are more environmentally friendly 

cementitious materials because their manufacture 

requires lower temperatures, which leads to a reduced 

CO2 emission [4,5] as well as their resistance 

properties to fire and acid attack [6-8]. Geopolymers 

have been used in a wide range of applications, such 

as thermal insulation, alternative binders to Portland 

cement in the construction industry, and sorbents [9]. 

This seems to be due to their porous structure, good 

compressive strength, high heat resistance, and cation 

exchange properties. The promise of geopolymers as 

developing low-cost sorbents for removing colour 

(dyes), hazardous metals, and detergents from 

wastewater [10-12] has recently been the subject of 

numerous investigations. 

Metakaolin is an amorphous aluminosilicate that is 

formed when kaolinitic clay is calcined and 

dehydroxilated at temperatures between 500 °C and 

900°C. It is a highly reactive natural pozzolan. 

Kaolin is constituted of silica and alumina arranged 

alternately in tetrahedral and octahedral coordination. 

The mean size of metakaolin particles, which are 

porous, angular in shape, and platy, can vary from 1 

to 20 µm. It is a pozzolanic admixture that is very 

reactive. based on the raw materials' deposit. The 

manufacturing temperature of MK is one of its eco-

friendly features. MK is burned at a lower 
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temperature, approximately 700-900 °C, than cement, 

which is burned at 1500 °C [13,14]. In the 

manufacture of geopolymers, MK has been used as a 

basis material and in combination with other waste 

materials. Recent studies recommended mixing 

metakaolin with industrial waste materials such as fly 

ash (FA), silica fume (SF), and cement kiln by-pass 

dust (CKD) [15-18]. Due to their superior 

mechanical, chemical, and thermal resistance 

properties,   Jindal et al., [2] proposed that MK-based 

geopolymers can be used in a variety of applications, 

such as a protective coating of surfaces of different 

types of materials, including metals, as sustainable 

concrete, as fireproof building materials, and as 

environmentally friendly materials. Making use of 

MK-based geopolymers as "self-cleaning" building 

materials is another significant application field [19]. 

Research demonstrated that geopolymers made from 

metakaolin as a basic material can be considered to 

be an effective adsorbent for various water pollutants, 

including heavy metals and dyes [20-27].In 

continuation of our previous work [28-31],  which 

aims to remove the residual dyes in the dyeing baths, 

especially when using reactive dyes, our goal in this 

study is to remove the color of the reactive red 195 

dye remaining in the dyeing bath by using 

geopolymer cement based on metakaolin. 

 

2. Materials and Methods 

2.1. Materials 

Reactive  red 195 was utilized for the decolorization 

studies. The structures of this dyes is shown (figure 

1).  
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Figure 1.  C.I. Reactive Red 195 

2.2 Hydrolyzed Reactive Dye Preparation 

The reactive dyestuff was hydrolyzed by treatment 

with solutions of sodium carbonate [5 g/L] and 

sodium hydroxide (33%) [3 mL/L] with stirring at 

80°C for 2 h. At the end, it was neutralized with 

dilute sulfuric acid after cooling.[ 32] 

2.3. Adsorbent preparation 

2.3.1. Starting materials 

Metakaolin was provided by Hemts Construction 

Chemical Company in Cairo, Egypt (chemical 

composition is shown in Table 1). According to XRF 

data, silica (SiO2) and alumina (Al2O3), which 

together make up around 95% of MK, are its 

principal constituents. Class F fly ash (FA) was 

supplied by Sika Chemical Company, Burg Al-Arab, 

Egypt. Calcium hydroxide was obtained from EL-

Goumhouria chemical company, Cairo, Egypt. Table 

(1) summarizes the starting materials' chemical 

compositions. In this work, sodium hydroxide 

(NaOH) and liquid sodium silicate (Na2SiO3) served 

as the alkaline activator. The  NaOH  flakes with 

99% purity was acquired from EL-Goumhouria 

Chemical Company in Cairo, Egypt. Commercial 

liquid Sodium silicate (Na2O 11.7 wt%, SiO2 32.8 

wt% and H2O 55.5 wt%) was produced by Silica 

Egypt Company, Burg Al-Arab, Alexandria, Egypt. 

and silica modulus SiO2/ Na2O equal 2.80. 

 

2.3. 2. Preparation of geopolymer samples 

2.3.2.1 Preparation of Alkaline activator 

To produce geopolymer cements, liquid sodium 

silicate Na2SiO3 and sodium hydroxide NaOH are 

combined as an alkaline activator. By dissolving 

NaOH pellets in distilled water and allowing the 

mixture to cool to room temperature, 10M NaOH is 

prepared. A set ratio of 2.5:1 is used to combine the 

liquid sodium silicate and sodium hydroxide solution 

until a clear gel is produced. The alkaline activator 

solution is formed 24 hours before casting 

2.3.2.2. Preparation of specimens: 

 As illustrated in Table 2, two different forms of 

geopolymer pastes are created by combining 

metakaolin with different ratios of both fly ash 

(FA) and calcium hydroxide (CH). Table 2 lists 

the various mixes' constituents as well as the 

water/solid ratio that produced standard 

consistency. Each mix's dry ingredients are 

thoroughly handled and combined to achieve 

perfect homogeneity. 

 In order to create a homogeneous paste, raw 

components from each dry mix are combined 

with the alkaline activator solution. Fresh pastes 

are quickly cast into a stainless steel cube mould 

with a one-inch dimension. The mould is then 

vibrated for a short period of time to eliminate all 

air bubbles and improve paste compaction. A 
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thin-edged trowel is used to smooth the paste's 

surface.  

 Finally, to prevent drying and allow the pastes 24 

hours to set and harden at ambient temperature, 

or 25°C, the moulds are maintained at a nearly 

100% relative humidity. Following this time, the 

cubes are taken out of the mould and hydrated 

for 7 days using tap water in a tight plastic 

container. 

 The test cubes are taken, crushed, and added to 

the ethanol/acetone (1:1) stopping hydration 

solution. The mixture is stirred on an electrical 

magnetic stirrer for 30 minutes. The residue is 

filtered, washed with ethanol, and dried for 24 

hours at 50
 o

C [33]. The dried samples are 

ground to a mean particle size of 100 μm and 

stored in a desiccator. 

2.3.2.3. Water of consistency: 

Vicate apparatus is used to determine the standard 

water's consistency in accordance with ASTM 

specifications [34]. The amount of liquid needed to 

create a paste with a standard consistency is the same 

amount needed to create a paste that allows the vicat 

plunger (10 mm in diameter) to settle to a point 5 to 7 

mm from the bottom of the vicat mould 

 

2.4 Adsorption experiments 

A certain weight of the adsorbent (0.01- 0.2 g) and 

100 mL of dye solution (5-100 ppm) was shaken in 

the water bath at 140 rpm and 30°C.  By filtration we 

could obtained a supernatant of the samples 

solutions. By using SHIMADZU spectrophotometer 

we could estimated the absorbance [at a maximum 

wavelength (ƛmax = 504 nm)] with computing 

concentration of the calibration curve. The Removal 

efficiency % which indicated the amount of dye 

adsorbed onto the adsorbent was calculated via the 

equations [35], 

      qe = ( Co   -  C  )  V/W                                   (1)  

Where Co and C are initial dye and the equilibrium 

liquid-phase concentrations (mg/L) respectively; V 

the volume of solution (L) and W the weight of the 

adsorbent (g). 

    Removal efficiency % = 100 ( qe / Co )            (2) 

3. Results and discussion 

3.1. Characterization of the adsorbent 

The chemical compositions of the starting materials 

and of various MK-geopolymer mixes prepared in 

addition to, the water/solid ratio of geopolymer based 

on metakaolin mixes were listed in tables 1 and 2. 

 

Table (1):  Chemical oxide composition of the raw 

materials as evaluated by XRF, mass %. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table (2):  Mix composition of the investigated 

mixes and liquid/solid (L/S) ratio. 

 

3.2 Factors affecting on the adsorption 

3.2.1 Effect of pH   

It is noteworthy that figure 2 shows the change in the 

removal efficiency %when using the dye effluents of 

reactive red 195 dye under the pH of the adsorption 

bath. In order to determine the optimum pH value of 

the metakaolin based – geopolymer mix on the dye 

treated with metakaolin, it was determined conducted 

at different pH (2-10). The results from figure 2 show 

that the maximum removal efficiency % was at pH 3 

and pH 2 for both geopolymer cements based on 

metakaolin MF1 and MC1, respectively. The 

maximum values were 53%  for MF1 and 54% for 

MC1. 

3.2.2 Effect of adsorbent dose   

We found that figure 3 reveals the effect of absorbent 

concentration on the removal efficiency %. The 

adsorption of the dye under study was examined with 

different concentrations (0.01 - 0.2 g/100 mL) of 

geopolymer cement, for 120 min using the dye 

effluents for reactive red 195 with concentration (10 

ppm) was at pH 3 for  MF1 geopolymer mix  and  pH 

2 for MC1 geopolymer mix. The results of figure 3 

show a decreasing in the removal efficiency % by 

Oxides, % MK FA 

SiO2 64.80 63.10 

Al2O3 30.10 26.54 

K2O ---- 0.09 

MgO ---- 0.52 

CaO 0.52 2.33 

Fe2O3 0.55 5.40 

Na2O 0.10 ---- 

SO3 0.13 ---- 

P2O5 0.06 ---- 

TiO2 2.70 ---- 

Cl 
-
 ---- 0.85 

Loss on ignition  0.73 ---- 

Total 99.69 98.83 

Mix 

Name 
MK FA CH 

Na2SiO3 

% 

NaOH 

% 

L/S 

ratio 

MF1 80 20 ---- 25 10 0.49 

MC1 80 --- 20 25 10 0.56 
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increasing the weight of the absorbent. The maximum 

removal efficiency % was 53.2% at 0.01 g/100 mL 

for the MF1 geopolymer mix and it was 54.4% at 

0.01 g/100 mL for the MC1 geopolymer mix. 

 

 
 

Figure 2.  Effect of pH on dye removal efficiency % 

(Time 120 min, Temperature 30
o
C, weight of 

adsorbent 0.01g, concentration of dye 10 ppm) 

 

 
Figure 3. Effect of adsorbent weight on the removal 

efficiency % (Time 120 min,Temperature 

30
o
C,concentration of dye 10 ppm, pH 3 for MF1 and 

pH 2 for MC1) 

3.2.3 Effect of time 

It should also be noted here that in order to determine 

the optimum duration of interaction of reactive red 

195 dye with the geopolymeric cement materials the 

removal of the dye was carried out for different 

periods of time (60-300 min). The results of figure 4 

show a decreasing in the removal efficiency % by 

increasing the time. The maximum removal 

efficiency % was 59.8% at 60 minutes for the MF1 

geopolymer mix and it was 67.4% at the same time 

for the MC1 geopolymer mix 

 

 
 

Figure 4.  Effect of time on the removal efficiency % 

(Weight of adsorbent 0.01 g, Temperature 30 
o
C, 

concentration of dye 10 ppm, pH 3 for  MF1 and  pH 

2 for MC1) 

 

3.2.4 Effect of dye concentration 

We also found figure 5 reveals that the effect of dye 

concentration on the removal efficiency % when 

using constant weight for MF1 and MC1 cured 

geopolymer cement mixes with both optimum pH 

and optimum time. The adsorption of decolorization 

from the dye under investigation was examined with 

different concentrations of the dye (5 - 100 ppm). The 

dye effluents concentration (5 ppm) giving maximum 

removal efficiency % (75%) at pH 3 for MF1 

geopolymer mix and (84.5 % ) at pH 2 for MC1 

geopolymer mix.   

 

Adding calcium hydroxide (Ca(OH)2) to raw MK 

results in a slightly different reaction in which a 

network structure and a C-S-H gel form, according to 

previous research [36]. A calcium silicate hydrate 

(CASH) precipitate, which is produced when silicon 

and aluminium react with Ca(OH)2 in a solution, 

speeds up the decomposition of metakaolin.  Granizo 

et al.[36] found that when the fraction of metakaolin 
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increases in the presence of Ca(OH)2, a large amount 

of amorphous aluminosilicate (C-S-H and C-A-S-H) 

gels form. Calcium hydroxide generally speeds up 

geopolymerization and enhances the performance of 

geopolymer products. Additionally, the pore structure 

of geopolymer samples could be modified by the 

addition of calcium hydroxide. [37] 

 

 

Figure 5.  Effect of dye concentration on the removal 

efficiency % (Weight of adsorbent 0.01g 

,Temperature 30
 o

C, pH 3 for  MF1 and  pH 2 for 

MC1, time 60 min ) 

 

4.  Conclusion  

In continuation of our previous study, we would like 

to point out the importance of using metakaolin-

based geopolymer mixes to remove the reactive red 

195 dye effluent. The factors that affect the 

percentage of dye removal were studied, including 

the adsorbent dose, pH, treatment time, and dye 

doses. 
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