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Abstract

Our strategy aims to reduce pollution rates by treating the water generated from the dyeing operations using reactive dyes, by
removing the color from yellow effluent 145 using two different types of geopolymer based on metakaolin. Factors affecting
decolorization are optimized according to many criteria including adsorbent dose, duration, different pH, and dose of dye

used.
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1. Introduction

Portland cement manufacturing is the major
cause of global warming-induced by emissions of
carbon dioxide. Each 1-ton of ordinary Portland
cement results in about 1-ton of carbon dioxide being
loaded into the environment and this gas is the major
contributor to the greenhouse effect and global
warming [1, 2]. One of major advancement in recent
years is substitute Portland cement (OPC) by the new
class of alkali-activated based cement and concrete
material which using industrial wastes and enhanced
environmental and strength performance. This new
alkali-activated binders which first name as
geopolymer by Davidovits, J., in 1999 [3], provides
an environmental-friendly alternative to ordinary
Portland cement (OPC) and concrete [4].
Geopolymers are a product of the chemical reaction
between aluminosilicate and alkali-polysialate in a
relatively highly alkaline medium. They have
amorphous to semi-crystalline structures with
nanoparticle size depend on curing temperatures.
Geopolymers are regarded as a green alternative
construction materials due to their merits over

Portland cement such as low energy consumption,
low shrinkage [5], excellent mechanical strength[6],
less CO, emission [7, 8] and have superior resistance
to fire[5, 9].To date, the investigations carried out
have used the following raw materials: blast furnace
slag, metakaolin, fly ash, kaolinite clay, and red mud
to production geopolymer cement. Many recent
studies carried out in developing alkali-activated
geopolymer binders show that this new binder is
expected to become an alternative to Portland cement
[10-16]. Metakaolin (MK) is a supplementary
cementitious material having highly pozzolanic
properties as a result of their amorphous structure and
high surface area. It is a thermally activated
aluminosilicate material derived from the calcinations
of kaolin clay with a temperature range from 700-
800°C [17]. MK has been used as a base material and
in combination with other waste materials in the
preparation of geopolymers. Several studies
suggested the combination of metakaolin with
industrial waste products for example fly ash (FA)
[18], silica fume (SF) [19] and cement Kiln by-pass
dust (CKD) [20].
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Jindal et al. [21] suggested that MK-based
geopolymers can be employed in several applications
such as a protective coating of surfaces of different
types of materials due to their suitable corrosion
resistance abilities, as sustainable concrete, thermal
resistance and fireproof building materials. Another
significant application area regarding MK-based
geopolymers is  utilizing as  “self-cleaning”
construction materials [22].

Different studies showed that geopolymers
manufactured from metakaolin as a raw material can
be evaluated as a good adsorbent for different water
wastes such as heavy metals and dyes [22-31].

The ideal process for treating small amounts
of wastewater is the adsorption process [32-42]. We
focused in this investigation to eliminate the color of
the reactive yellow dye 145 residual in the dyeing
bath instead of dumping this hazardous waste without
treatment by using metakaolin - based geopolymer
cement as a new approach that is environmentally
safe.

2. Materials and Methods
2.1. Materials

Reactive yellow 145 was utilized for our
investigation through this work. Chemical structure
of reactive yellow 145 is publicized (figure 1).
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Figure 1. C.l. Reactive Yellow 145

2.2 Preparation of Hydrolyzed Reactive Dye

The reactive dyestuff was hydrolyzed by
adding a 3 mL/L NaOH solution (33%) and a 5 g/L
sodium carbonate solution, and heating them at
80°C for 120 min. while stirring. Finally, diluted
H,SO4; was used to neutralise the hydrolyzed colour
after it had been cooled [33].

2.3. Adsorbent preparation

2.3. 1. Starting materials

*The materials used in this study are metakaolin
(MK), fly ash (FA), in addition to calcium hydroxide
(CH).

*The alkaline activator in this study was sodium
hydroxide (NaOH) and liquid sodium silicate
(NaZSiO3).
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*Metakaolin (MK) is supplied by Hemts Construction
Chemical Company, Cairo, Egypt. Its chemical
composition obtained from X-ray fluorescence (XRF)
analysis is presented at Table 1. The XRF results
exhibited that the major constituents of MK are silica
(SiO;) and alumina (Al,O3) that represent about
95%..

*Fly ash (FA) is supplied from Sika Chemical
Company, Burg Al-Arab, Egypt. Its chemical oxide
composition is given in Table (1).

*The NaOH flakes are obtained from EL-
Goumhouria chemical company, Cairo, Egypt with
purity 99%. Commercial liquid sodium silicate (LSS)
is obtained from Silica Egypt Company, Burg Al-
Arab, Alexandria, Egypt.

*The chemical composition of liquid sodium silicate
is 11.7 wt% Na,O, 32.8 wt% SiO,, and 55.5 wt%
H,O and silica modulus SiO,/ Na,O equal 2.80. The
chemical compositions of the starting materials are
given in Table (1).

2.3.2. Geopolymer Synthesis
Preparation of specimens:

Each of the considered additives (MK, FA,
and CH) are firstly mixed thoroughly in the dry state
to attain complete homogeneity. The composition of
the various mixes in addition to, the water/solid ratio
which gave standard consistency are given in Table
(2).MF1 & MC1 geopolymer pastes are fabricated by
mixing metakaolin with different ratios of Fly Ash
(FA) and calcium hydroxide (CH) as shown in Table

(2).

The alkali activator (AA) is prepared by
mixing of liquid sodium silicate (SSL) and sodium
hydroxide (SH) (10M NaOH) with fixed ratio then
stirred them until a clear gel is obtained. Then by the
addition of different mixing ratio of alkali activator
solution to each dry mix and mixing them on a
smooth and non absorbent surface for about 5
minutes. After complete mixing we confirm the water
consistency of the geopolymer pastes by standard
Vicat apparatus. Then the fresh prepare pastes are put
in  stainless  steel moulds of one-inch
dimension(cubic-shaped molds); the moulds are kept
under relative humidity 100% for the first 24 hours
to attain the final setting and getting hard. After
molding the cubes demolded and kept under relative
humidity 100% for 7 days of hydration.

2.4. Methods of Investigation
2.4.1.Water of consistency:

The standard water of consistency are
determined according to ASTM specification using
Vicate Apparatus [39]. The quantity of liquid
required to produce a paste of standard consistency
will be that required to give a paste permitted the
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settlement of the vicat plunger (10mm in diameter) to
a point 5 to 7 mm from the bottom of the vicat mold.

2.4.2. Stopping of hydration

The cubes which subjected to be tested is
took and crushed then put in the stopping solution
consists of ethanol / acetone (1:1 by volume), the
mixture is left on electrical magnetic stirrer for 30
minutes. The residue is filtered and washed with
ethanol and then is dried at 50°C for 24 hrs. Then
dried samples were ground to obtain a mean particle
diameter of 100 wm and stored in a desiccator.

2.5 Adsorption experiments

A specific amount of the adsorbent was
shaken with 50 mL of dye solution at 30 oC and 140
rpm. Filtration was used to separate the sample
solutions' supernatant.

When utilizing SHIMADZU
spectrophotometer to assess absorbance at maximum
wavelength  (Amax = 475 nm for yellow 145 dye),
concentration was calculated using the calibration
curve. By using a mass balance relationship, the
amount of dye that was adsorbed onto the adsorbent,
ge (mg/g), was estimated.

ge=(Co - C) VIW 1)

Where Co, is initial dye concentrations (mg/L); W
the weight of the adsorbent (g), V the volume of
solution (L) and C, is the equilibrium liquid-phase
concentrations of dye (mg/L)

Removal efficiency % =100 (ge/ 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.
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Table (1): Chemical oxide composition of starting
materials by XRF, mass%.

Oxides,
% MK FA
SiO, 64.80 63.10
Al,O3 30.10 26.54
Fe,O; 0.55 5.40
CaO 0.52 2.33
MgO 0.52
SO; 0.13
Na,O 0.10
K,0 0.09
Cl- 0.85
TiO, 2.70
P,Os 0.06
L.O.1 0.73
Total 99.69 98.83

Table (2): Mix composition of the investigated mixes
and liquid/solid (L/S) ratio.

Mix | Mix Na,SiO; | NaOH | L/S
No | Name bl | B el % % ratio
1 MF1 | 80 | 20 | ---- 25 10 0.49
2 MC1 | 80 | --- | 20 25 10 0.56

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 yellow 145 dye under the pH
of the adsorption bath. In order to determine the
optimum pH value of the geopolymer mixes based on
metakaolin treated with the dye, it was determined
conducted at different pH (2-10). The results from
figure 2 show that with all wastewaters, the removal
efficiency % decreases with increasing pH. The
maximum removal efficiency % was at pH 2 for both
geopolymer mixes (MF1 and. MC1). The maximum
values were 49.2% for MF1 and 53% for MC1.
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Figure 2. Effect of pH on dye removal efficiency %
(Time 120 min, Temperature30°C, weight of
adsorbent 0.01g, concentration of dye 10 ppm).
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3.2.2 Effect of adsorbent dose
It is important to report here that figure 3
reveals the outcome 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 yellow 145. The dye concentration (10 ppm)
was at pH 2 for MF1 and MC1. The results of figure
3 show an increase in the removal efficiency % by
increasing the weight of the absorbent until it reaches
the maximum value and then decrease.
The maximum removal efficiency %  was
57.1% at 0.1 g/100 mL for the MF1 and it was

82.5% at 0.059/100 mL for the MCL
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Figure 3. Effect of adsorbent weight on the removal
efficiency % (Time 120 min, Temperature 30 °C,
concentration of dye 10 ppm, pH 2)

3.2.3 Effect of time

It should also be noted here that in order to
determine the optimal duration of interaction of
reactive 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 that the removal efficiency % increases by
prolonging the adsorption time until it reached a
period of 180 minutes achieving the maximum
removal efficiency% was 65.4% for geopolymer mix
MF1 while, the goal was 99.2% at 240 minutes for
geopolymers mix MC1.

3.2.4 Effect of dye concentration

We found that figure 5 shows the effect of
dye concentration on the removal efficiency % when
using constant weight for MF1 and MC1 cured
geopolymer mixes with both optimum pH and
optimum time. The adsorption of decolorization from
the dye under investigation was examined with
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different concentrations of the dye (5 - 100 ppm). The
dye effluents concentration (5 ppm) at pH 2 for both
MFland MC1 geopolymer mix, giving maximum
decolorization. The maximum removal efficiency %
was 75% for MF1 and 100 % for MC1 geopolymer
cements.
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Figure 4. Effect of time on the removal efficiency %
(Weight of adsorbent 0.05g for MC1 and 0.1 g for
MF1, Temperature 30 °C, concentration of dye 10

ppm, pH 2)
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Figure 5. Effect of dye concentration on the removal
efficiency % (Weight of adsorbent 0.05g for MC1
and 0.1 g for MF1 , Temperature 30 °C, pH 2, time
4hrs for MC1 and 180 min for MF1)

The geopolymer specimens with
supplementary calcium hydroxide exhibited a more
compact structure, a higher bulk density and an
enhanced compressive strength performance[40].
Ca(OH); react with silicon and aluminium in soln and
form CASH precipitation which accelerated
dissolution of the metakaolin. According to Granizo
et al., [41] increase of metakaolin proportion in the
presence of Ca(OH), leads to large formation of an
amorphous aluminosilicate (C-S-H and C-A-S-H)
gels due to the increase in the reactant species. In



DECOLORIZATION OF REACTIVE DYES, PART Il: ECO-FRIENDLY ... 59

general, calcium hydroxide accelerates the
geopolymerization process and has a positive effect
on the performance of geopolymer products [ 41].

4. Conclusion

The current investigation is the second part,
so we can now confirm that the current study is an
indication of the use of geopolymer cement based on
metakaolin for reactive yellow 145 dye effluents
waste. Factors affecting the percentage of dye
removal were studied, including adsorbent dose, pH,
treatment time and dye dose. According to our
results, the maximum adsorption capacity of reactive
yellow 145 dye using geopolymer mix MC1 was
better than using geopolymer mix MF1, due to the
fact that calcium hydroxide speeds up the
geopolymerization process and has a favorable
impact on the geopolymer's ability to adsorption dye.
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