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Abstract: The massive scale of industrial development has resulted in environmental pollution in general
and water contamination in particular. It is important at the present time to treat water for the purpose
of eliminating or reducing pollutants, especially toxic pollutants, such as phenol compounds. In this
study, zeolite (4A) was prepared firstly from the available and cheap materials using an inclined rotary
disk. Then, physical, mechanical, and chemical properties were also studied. Experiments were
conducted to determine these properties using local clay and the following results were obtained: Zeolite
(4A) 70% and clay 30%, the time of calcination 3 h at a temperature of 850˚C, breakage resistance of
17 Ib pounds, surface area 530-590 m2/g, grinding value 14% and moisture absorption ratio 30%. The
prepared zeolite (4A) was used in the process of removing phenolic compounds (chlorophenol,
nitrophenol) by the adsorption method. Different amounts of prepared zeolite (5g/l and 10g/L) will be
used in the treatment process and different concentrations (2mg/L, 5 mg/L and 10 mg/L) of the pollutants
Nitrophenol and Chlorophenol were used in the contaminated water tested. The removal process was
carried out with a mixing speed of 200 rpm and pH (7.5-8.5). From the results of this study, we note that
the highest percentage of Nitrophenol removal is (84.8%) when using an amount of zeolite (5g) and
highest percentage of Nitrophenol removal is (95.5%) when using an amount of zeolite (10g) while that
the highest percentage of Chlorophenol removal is (78.3%) when using an amount of zeolite (5g) and
highest percentage of Chlorophenol removal is (0.894) when using an amount of zeolite (10g) it could
be deduced that the percentage of the removal of nitrophenol was higher than that of chlorophenol
because its solubility of chlorophenol in water is higher than the solubility of Nitrophenol.
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1.Introduction
The research aims to manufacture zeolite from the available and cheap materials. The manufactured
zeolite is used to treat water contaminated with toxic pollutants.
Chemical components such as nitrophenol and chlorophenol are considered the main source of
industrial wastewater pollutants due to their toxicity and the difficulty of disposal of these contaminant
materials [1- 5].
There are many methods currently used to treat wastewater containing phenol compounds such as
microbiological degradation, solvent extraction, chemical oxidation, filtration, ion-exchange, adsorption, precipitation, irradiation, incineration and biological treatment [4, 6]. The adsorption process
is considered one of the most effective techniques that are used to treat wastewater contaminated with
organic pollutants [7]. Different types of Zeolite have been successfully used to overcome water
pollution problems and help to remove pollutants such as phenols, chlorophenols and methylene blue
dye from wastewater [8].
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Clay minerals are crystalline granules that have the ability to gain and lose water and have a high
ability to exchange ions without changing the structure of clay minerals, such as Zeolite [9]. Zeolite is a
granule of aluminium silicate stone which is a group of chemical elements consisting mainly of silicate
and aqueous aluminate of alkali metals. Scientists have studied 175 types of zeolite in the last ten years,
of which about 40 species are found naturally. High-porosity zeolite is able to hold positive ions such as
Na +, K +, Ca + 2, Mg+2 and others by adsorption these ions in the pores of the zeolite structure [10].
In general, two types of zeolites were reported, Natural zeolites and Industrial zeolite. Natural
zeolites are found in basalt stones and sediments, and they were formed through ancient times under the
influence of hot mineral water and there are 40 types of natural zeolites that have been discovered, the
majority of which were named according to the name of their discoverer [11]. Given the scarcity of
natural zeolites, scientists focused their efforts on creating zeolites that have the same properties as
natural zeolite. There are 150 types of synthetic zeolites, which are the most used in industry [11].
Due to the unique properties of zeolites (porosity, pore size, specific surface area, apparent density
and grinding resistance), which classified them as environmentally friendly compounds, they play a
pivotal role in many applications and processes. Zeolites are used in various fields such as industry,
agriculture, environmental protection and even in medicine. In Agriculture, zeolite works to stabilise the
resulting ammonia in the soil and enrich it with nitrogen, so it is used as a fertiliser for the soil.
Additionally, because of the feature of zeolite, such as the ability to absorb and loss water that makes it
absorbs the excess water from the soil to give it to the plant when it needs it, while in Industry Zeolite is
used as a catalyst in the manufacture of detergents. In addition, both natural and synthetic zeolites are
able to filter water and remove suspended materials and impurities such as those used during cleaning
pool water [12].
In particular, two types of natural zeolites, the mixture type (bulk) and the reddish type, were used
to remove contaminants from the treated biological wastewater [13, 14]. Molecular sieves are generally
considered a type of zeolite consisting mainly of alumina and silica at a rate of about 50% in addition to
a binder (kaolin) [15].
The chemical composition of molecular sieves provides them with special characteristics in the
adsorption processes, and they are used as dehydration agents for air, gases, and fumes in precision
devices, chemical and petrochemical industrial applications to adsorb moisture and remove a percentage
of unwanted matter [16].
Zeolites were chosen based on the molecular size of the material to be adsorbed. The most important
zeolite type (4A) is used in gases and air drying operations, whereas type (5A) is used to isolate paraffin
from other hydrocarbons. Sieves have many uses in adsorption of sulphur compounds, carbon monoxide,
water vapour, and compounds [17]. The zeolite (4A) in particular gains its importance in many industrial
fields due to its advantages such as:
1- High capacity for vapours adsorption.
2- Reducing the Activation Energy and hence increasing the reaction speed.
3- Low economic cost and long service life can be reactivated.
4- It has a high surface area and high porosity as well.
5- The stability of its physical and chemical properties during its storage period.
6- High selectivity for chemical reaction [18].

2.Materials and methods
2.1. Zeolite (4A) preparation
2.1.1. Materials
The following materials have been used in this research for the preparation of zeolite (4A):
Kaolin powder, zeolite, distilled water.
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2.1.2. Method of preparation
The kaolin powder was sifted in order to obtain a specific granular volume (less than 45 µm) after
grinding it with a ball mill. Then, the resultant powder was added to the zeolite and mixed with distilled
water to make a paste. Different ratios of kaolin, zeolite and distilled water were performed to find the
optimum mixture. The next step was forming balls from the dough by inserting it into an inclined rotary
disk. The balls were dried for one to two hours at 250oC and then transferred into a special oven for high
temperature calcination (450 – 950oC) for three hours. Prepared molecular sieves were examined for
evaluation as moisture absorbents under conditions close to actual conditions.
2.2. Waste water treatment
2.2.1. Materials
The following materials have been used in this research for the treatment of waste water: Distilled
water, Chlorophenol, Nitrophenol and Zeolite (4A)
2.2.2. Method of treatment
The zeolite (4A) prepared above was used for wastewater treatment in this experiment. Different
quantities of zeolite (4A), 5 g and 10 g, were mixed with three samples of prepared water (1 L). Each
sample of water contained a different concentration of Nitrophenol: 2, 5, 10 mg/L. The Processed water
was mixed with zeolite using 6 flasks under these conditions: Fixed temperature at 25oC, pH 7.5 and
agitation speed 200 rpm. After that, the samples were collected and the concentrations of Nitrophenol in
the water were examined at different periods of time (0-120) min. The same procedure was performed
by adding 2, 5, 10 mg/L of Chlorophenol to the distilled water instead of Nitrophenol. This experiment
was also carried out at 25oC and 200 rpm but the pH was 8-8.5.

3.Results and discussions
3.1. Characterization of zeolite (4A) prepared
From the results, it was observed that when the composition of zeolites was increased from 50 to
95%, both the grinding resistance and the absorbance increase up to a certain percentage and then the
rate of increasing started to slow down. Stability in grinding resistance and the absorbance could be due
to a decrease in the surface area and the absorption efficiency. These results are represented clearly in
Table 1, Figure 1 and Figure 2. In Figure 1 the relationship between the ratio of added zeolites and
grinding resistance are shown. It can be seen that initially the increase in grinding resistance was very
high, and then at high levels of zeolites it became very low because the infrastructure of sieves will
become weak and fragile.
Figure 2 represents the relationship between the percentage of added zeolites and the absorption ratio.
It could be observed that at the beginning the absorption rate increased until the added zeolite ratio
reached about 85%, after which the absorption ratio is approximately fixed because the infrastructure of
sieves is saturated with zeolite and has less clay [19].
Table 1. Effect of zeolite and kaolin ratio on milling and absorbance value
Zeolite %

Kaolin %

50
55
60
65
70
75
80
85
90
95

50
45
40
35
30
25
20
15
10
5
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Crushing value%
(C.V %)
4
5.31
7.23
8.92
10.56
13.3
13.6
13.7
13.9
14.00
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Absorptivity %
9.3
12.2
13.5
15.6
19.4
20.5
20.7
20.8
21.0
21.2
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Figure 1. Relation between % zeolite with crushing value% (C.V)

Figure 2. Relation between the % zeolite with % absorptivity

The temperature of calcination was evaluated for a range between 550-1000°C. It was noted that the
grinding value decreased with rising temperatures to a limit of 800oC, and then it started to increase.
Therefore, it could indicate that the optimum temperature would be 850°C. Table 2 and Figure 3 show
the relationship between the temperature of calcination and the value of grinding.
Table 2. Effect of calcination temperature on milling value
Calcination Temperature ˚C
550
600
650
700
750
800
850
900
950
1000
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Crushing Value % (C.V)
18.3
16.5
15.9
14.8
14.2
13.5
15.4
15.2
16.3
17.6
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Figure 3. Relation between calcinations temperature and crushing value
Grinding value was also investigated and it was found that it increased with the increase of
calcination time until three hours, and then it was fixed. This finding indicates that the optimum
calcination time is about 3 h. Table 3 and Figure 4, which clarify the relationship between the calcination
time and the grinding value, showed that the grinding value was established after about three hours of
the calcination time.
Table 3. The effect of calcination time on the value of grinding
Calcination time (hr)
1
2
3
4
5
6
7

Crushing value (C.V %)
12.2
12.8
13.4
14.4
15.7
16.8
16.9

Figure 4. Relation between the calcinations time and % crushing value
From observing Tables (1-3) and Figures (1-4) and analysing the results, the specifications of the
prepared partial sieves can be summarised in Table 4 as follows:
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Table 4. Specifications of prepared sieves

3.2. Water treatment
Before discussing the results that have been recorded during the treatment of water that polluted with
Nitrophenol and Chlorophenol, it is essential to identify some of the physical properties of those
pollutants (Table 5).
Table 5. Some characteristics of Nitrophenol and Chlorophenol [20-23]
No.
1
2
3
4
5

Prosperity
Chemical formula
Formula weight (g/ml)
Boiling point (˚C)
Specific gravity (at 20 ˚C)
Solubility in water at 25 ˚C (g/100 ml)

Nitrophenol
C6H5NO3
139.11
279 ˚C
1.47
1.16

Chlorophenol
C6H5ClO
128.55
175 ˚C
1.265
2.7

First, we will calculate the adsorption efficiency (%R) by the following relationship for each
concentration (1):
%R = (co-cf)/co ×100%
(1)
where:
cf - the final concentration of the solute (nitrophenols or Chlorophenol)
co - the initial concentration of solute (nitrophenols or Chlorophenol)
Figure 5 clarifies the relation between (%R) for Nitrophenol at different concentration (2, 5, and 10)
mg/L with time at the flowing conditions: the agitation speed was 200 rpm, pH equal 7.5 and the
temperature was 25oC. The amount of adsorbent (zeolite 4A) that used for this experiment was 5 g. In
Figure 6 the same relation between (%R) for Nitrophenol at different concentration (2, 5, and 10) mg/L
with time was represented but the amount of zeolite (4A) was doubled to be 10 g instead of 5 g.
It could be noticed from Figures 5 and 6 that the highest rate of Nitrophenol removal was 84.8%
when 10 mg/L of Nitrophenol was added to the water. This rate was recorded when 5 g of zeolite was
used while the rate of removed Nitrophenol increased to 95.9% when 10 g of zeolite was applied. This
result could be very well due to the increase of surface area as a result of increasing the quantity of the
adsorbed substance which could lead to a higher removal rate [24, 25]. Additionally, the lowest removal
rate of nitrophenol (79%) was also established when a quantity of 5 g of zeolite and 2 mg/L of
nitrophenol were used.
Figure 7 shows the relation between (%R) for Chlorophenol at different concentration (2, 5, and 10)
mg/L with time at the flowing conditions: the agitation speed was 200 rpm, pH equal 8 , the temperature
was 25oC and 5 g of adsorbent (zeolite 4A).While Figure 8 clarifies the relationship between (%R) for
Chlorophenol at different concentration (2, 5, and 10) mg/L with time at the flowing conditions: the
agitation speed was 200 rpm, pH equal 8.5 and the temperature was 25oC. This experiment was
performed by using 10 g of zeolite 4A.
The effect of using different concentrations of zeolite on chlorophenol is evident from Figures 7 and
8. It can be observed that the highest percentage of chlorophenol removal was 87.3% when 5 g of zeolite
and 10 mg/L of chlorophenol were used. It was noticed that the ratio of removal increased to 89.4%
when 10 g of zeolites at the same concentration of chlorophenol was used. On the other hand, the lowest
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treatment percentage for Chlorophenol removal which was (70.9%) was established when 5 g of zeolite
and 2 mg/L of Chlorophenol were used [26, 27].

Figure 5. The relation
between adsorption
efficiency (%R) for
Nitrophenol
at different concentration
with time at adsorbent 5 g

Figure 6. The relation
between adsorption
efficiency (%R) for
Nitrophenol at
different concentration
with time at adsorbent 10 g

Figure 7. The relation
between adsorption
efficiency (%R)
for Chlorophenol at
different concentration
with time at adsorbent 5 g
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Figure 8. The relation between adsorption efficiency (%R) for
Chlorophenol at different concentration with time at adsorbent 10 g

4. Conclusions
The zeolite was prepared using the appropriate technology for manufacturing this type using inclined
Rotary Disk where the basic components of the catalyst and its proportions were identified. The catalyst
that was produced from this project was obtained from local materials at low cost taking into
consideration the high cost of other catalyst used in different industries in general, and in oil industries
specifically. The prepared molecular sieves showed the possibility of reuse after cleaning and purifying
them. It could be evidenced that the specifications of the manufactured sieves are close to the imported
ones in terms of efficiency.
From the results, it could be evidence that the zeolite that was prepared from local materials can be
used for removing toxic organic substances present in water, especially phenol compounds such as
Nitrophenol and Chlorophenol. Additionally, the results from this project proved that the ability of
zeolite to remove the Nitrophenol from water is higher than its ability to treat the Chlorophenol at the
same conditions. This may due to the differences in physical properties of these two materials as water
treatment depends on the solubility. As a result the separation of Chlorophenol is more difficult because
its solubility in water is higher than the solubility of Nitrophenol.
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