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ABSTRACT
Increases in environmental pollutants led to use of natural low cost materials such as zeolite,
which prove their effective in water treatment. Natural zeolite obtained from Jabal Hannoun (local) and
imported zeolites, clinoptilolite-rich tuff obtained from U.S.A, Syrian zeolitic tuff, and synthetic faujasite13X were used as adsorbent. Characterization of raw and modified zeolite has been studied to verify their
physical chemical and mineralogical properties, in order to note any changes occur during the
modification of zeolite. The feasibility of using surfactant-modified zeolite to remove aniline and its
derivatives from water in the broad band of concentrations (5-200 mg L-1) was evaluated by batch
experiments. The results showed that a significant increase in aniline and its derivatives sorption capacity
could be achieved at the loading level of hexadecyltrimethylammonium, a cationic surfactant, on zeolite
surfaces at monolayer coverage. Adsorption equilibrium was carried out at different initial concentrations
and different pH varies from 3 to 11. Langmuir and Freundlich adsorption isotherms were applied to the
experimental data. The data best fitted the Freundlich model. It was found that the aniline removal
efficiency by using clinoptilolite-rich tuff has the highest maximum adsorption 50% compared to the other
zeolite. The maximum efficiency removal for N-Methylaniline reached upto 69.5% by using Syrianzeolite. A decrease in N,N-Dimethylaniline removal by surfactant-modified zeolite, and the maximum
efficiency removal was 16% by using Jordanian-Faujasite.
The results show that the optimum pH of the adsorption of aniline and its derivatives by
surfactant-modified zeolite was almost in acidic and neutral pH conditions. Characterization of raw and
surfactant-modified zeolite was carried out using several techniques such as cation exchange capacity,
X-ray diffraction, X-ray fluorescence, scanning electron microscopy, and Fourier Transform Infrared
Spectroscopy. UV/VIS spectrophotometer was used in equilibrium analysis.
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INTRODUCTION
Protection of the natural water resources from contamination with toxic organic and
inorganic materials requires development of efficient method for purification of industrial
and domestic wastewater1.
Industrial wastewater is considered as a major environmental problem. Many
researches and studies have been applied to treat and solve the environmental problems
resulted from the industry to remove the pollutants. One branch of these is water purification
by using surfactant-modified zeolites to remove the toxic organic compounds2. The
surfactants like hexadecyltrimethylammonium (HDTMA) increase the surface area of the
zeolite and accordingly increase the ability of the adsorption3. The unique structure of
zeolites gives rise to remarkable physical and chemical properties, such as ion exchange,
reversible dehydration, adsorption, and molecular sieve, which have allowed the group to
play a vital role in many industrial and agricultural technologies4. Water pollution occurs
when water is adversely affected due to the addition of large amount of materials to the
water5. Jordan is one country facing continuous water pollution problems; reports indicated
that the water resources have a high level of toxicity6,7.
This work deals with characterization of different types of zeolite (natural and
synthetic zeolites), comparison between them, modification of zeolite using cationic
surfactant (Hexadecyltrimethylammonium-Br), characterization of modified-surfactant
zeolite (SMZ) and study the efficiency to remove organic pollutant by SMZ from water, the
selected organic pollutant was aniline and its derivatives.

EXPERIMENTAL
Methods and materials
Characterization of natural and synthetic zeolites
Petrography and mineralogical study
A mixture of epoxy-hardener was prepared by using a ratio 5:1 in suitable container,
used to cover different types of zeolite samples. Then left for one hour in the container
evacuation pump until the impregnation was completed. The samples were left overnight
to become hard and ready for grinding and prepared using conventional thin section
techniques.
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Cation Exchange Capacity (CEC)
The method adopted in this study is the Modified-Kjeldahl Method without
Digestion8. The solid samples were added to a 800 mL Kjeldahl flask and then mixed with
25 mL of 0.1 N NaOH, and distilled 50 mL of 2% H3BO3. Ten drops of bromocresol green
methyl red mixed indicator were added and stirred rapidly. The boric acid solution was
titrated with standard 0.1 N H2SO4, at the end point the color was changed from bluish-green
to pink.
Cation exchange capacity experiment was made twice and the average was
calculated, according to the following equation:
CEC meq/100 g = A × N/ g (sample),
where: A = volume of H2SO4 used for sample in mL, N = Normality of NaOH

Water adsorption capacity
To determine the hydration dehydration characteristics for natural and synthetic
zeolite, one gram of each zeolite types were combusted under different temperatures
(100, 200, 300, 400, 500, and 600oC) for 2 hrs then left to cool in a desiccator for 15 min.
Periodically the weight of sample was measured, and then left at room temperature and
reweigh every 2 hrs until a constant weight was achieved.

Chemical analysis
Dry natural and synthetic zeolite samples were crushed by milling machine for
1-5 min to fine powder. 8.0 g of the powder samples and 2 g of binder wax were
homogenized by mixing, pressed in small aluminum cup under pressure of about 200 KN for
30 seconds to get a disc of the sample with 40 mm diameter and 4 mm thickness. The XRF
instrument Philips Magix PW-2424 operated at 50 KV and 10 mA was used to analyze the
major oxides in these samples.

Surface area measurements
Surface area experiment was carried out using methylene blue pigment. Different
weight of natural zeolites ranges from (0.02-0.2 g) was added to 100 mL screw cap flasks,
each one contain 50 mL of 200 mg/L of methylene blue. Samples were shaken in a
thermostatic shaker at 150 rpm and at temperature 25ºC for three days to reach equilibrium.
The samples were filtered and diluted to a certain concentration, and the supernatant was
analyze using UV/VIS spectrophotometer at wavelength 664 nm using a calibration curve of
standard methylene blue solutions as seen in Fig. 1.
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Fig. 1: Calibration curve of standard methylene blue solutions

pH measurement
The pH of natural and synthetic zeolite was measured by mixing 0.1 g of the
different zeolite types with 10 mL of distilled water and shaken for 24 h at 30oC. The
samples were then filtered, and the pH of the solution was determined using a pH-meter.

Modification of zeolite samples by cationic surfactant (HDTMA-Br)
Natural zeolite (Jordanian-Faujasite, Syrian, and Clinoptilolite-rich tuff) and
synthetic faujasite-13X was modified by HDTMA-Br at 100% and 200% of ECEC. 100%
represent monolayer coverage and 200% represent bilayer coverage9.
About 30 g of raw zeolites were mixed with 90 mL of 50 and 67 mmol/L of
HDTMA-Br to obtain 100% and 200% of its ECEC, respectively. Zeolite mixture was
shaken for 8 hr at 25oC and 150 rpm on a thermostatic shaker, followed by centrifuging and
washing with two portions of distilled water. The surfactant-modified samples were then air
dried prior to further use, showed that final HDTMA surface coverage for surfactantmodified zeolite prepared in this manner were 98-100% of the target values10.

Analytical measurements
The prepared concentration of aniline and its derivative in this study range between
5-200 mg/L (ppm). Absorbance measurements were done by UV/VIS spectrophotometer,
the maximum absorbance (λmax) of aniline and its derivative were determined by scanning a
standard solution of known concentration at different wavelength. Values of maximum
absorbance were recorded and the (λmax) of aniline, N-Methylaniline and N,N-Dimethylaniline
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was 254, 270, and 280 nm, respectively. These wavelengths were used for preparation of
calibration curves shown in Fig. 2.
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Fig. 2: Calibration curve of standard aniline solutions

Batch method
All adsorption experiments in this work were performed by batch technique. Aniline
and N-Methylaniline were prepared in distilled water, N,N-Dimethylaniline was dissolved in
ethanol as organic solvent. The adsorption process was affected by several parameters; the
initial concentration and pH were studied.

Chemical constitutions
The FTIR spectra in the range of 400-4000 cm-1 were recorded using a
Magna-IR 560 E.S.P spectrometer equipped with (OMNIC) software. The samples were
prepared by the standard KBr method. A very small amount of the solid (approximately 1-2
mg) is added to pure potassium bromide powder (approximately 200 mg) and ground up as
fine as possible. Then placed in a small disk and subjected pressure mechanically. The
pressure is maintained for several minutes before removing the disk and the KBr disk
formed. The disk is then placed in a sample holder ready for scanning.

RESULTS AND DISCUSSION
Characterization of unmodified zeolites samples
Sample preparation
Jordanian-Faujasite was crushed and sieved to different particle size ranges between
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(2.36-0.0425 mm). The mass of each fraction size and the mass percentage are shown in
Table 1.
Table 1: Particle size, mass, and mass percentage
Particle size (mm)

Mass (g)

Mass %

2.36-2.0

470.21

24.14

2.0-1.0

243.57

12.51

1.0- 0.30

358.27

18.40

0.30-0.0425

203.35

10.44

Pan

657.71

33.77

Total

1933.11

99.26

The fraction size that contains highest zeolite content is the size in range between
1.0-0.3 mm11. Other beneficiation of diagenetic zeolites from the volcanic tuff of NE-Jordan
has revealed that zeolites are concentrated in the (0.5-0.25) mm and (0.25-0.125) mm size
fractions12. All experiments in this work were within the range of 1.0-0.3 mm. The
relationship between particle size and mass (%) are portrayed in Fig. 3.
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10.00
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0.30-0.0425

Fig. 3: Relationship between particle size and mass (%) of raw Jordanian-Faujasite

Cation exchange capacity
The cation exchange capacity of the four types of zeolite samples varies between
90 to 301 meq/100 g. CEC values for the different type of zeolite were calculated in Table 2,
which represents the average of two trials.
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Table 2: CEC of the different types of zeolite
Zeolite type

CEC (meq/100 g)

Jordanian-Faujasite

158

Clinoptilolite-rich tuff

93

Syrian-natural zeolite

142

Synthetic faujasite-13X

300

The highest cation exchange capacity was found in synthetic faujasite-13X, followed
by Jordanian zeolite, Syrian zeolite, and the last one was Clinoptilolite-rich tuff, as seen in
Fig. 4.
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CLT

SNZ

13-X

Fig. 4: Average CEC for the different types of zeolite
These results can be simply explained according to the selectivity of the
exchangeable cations, which depends mainly on the polarity and the diffusing cations4, as
shown in Table 3.
Table 3: Radius of the different cations
Cations

NH4+

Ca+2

K+

Mg+2

Na+

Radius (Å)

1.47

0.99

1.38

0.72

1.02

As shown in the table above, the highest selectivity of NH4+ ion (1.47 Å) is toward
K+ ion (1.38 Å) and Na+ (1.02 Å) due to the similarity in radius and charge. This substitution
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of K+ ion and Na+ by NH4+ ion explains the high CEC value for synthetic zeolite (13-X)
depend upon theoretical formula.
The cation exchange capacity of Clinoptilolite variations depend on the location of
the deposits13. The CEC of Clinoptilolite from St. Cloud mining company ranges between
0.8 to 1.2 meq/g, (80 to 120 meq/100 g).

pH measurements
Zeolite is considered as alkali and alkaline earth metal elements and the results of
pH-experiment shows that all different types of zeolite are alkaline. This is due to the
reaction of zeolite with distilled water as a result of cation exchange, (Na+, K+ with H+), and
the excess quantity of OH- is remaining in the solution. Table 5 shows the pH values got
from the experiments. The highest pH value is 10.05 for synthetic faujasite-13X, and the
lowest is 7.54 for clinoptilolite-rich tuff zeolite.
Table 4: pH values of the different types of zeolite
Zeolite type

J-FAU

CLT

SNZ

13-X

Average

7.77

7.54

9.86

10.05

Specific gravity
As shown in Table 6 below, the average value of specific gravity for the different
types of zeolite ranges from 2.13 to 2.31 g/m³, which is with agreement of about 1.90 to
2.27 g/m3 according to Breck and Deer4,14. The results of the specific gravity experiment
show that the highest reading is 2.33 g/m3 which represent the Syrian zeolite type while the
lowest reading is 2.12 g/m3, which represent Jordanian-Faujasite. The synthetic faujasite13X is powder; there was no true comparison with the other zeolite specific gravities.
Table 5: Specific gravity of different type zeolites
Zeolite type

J-FAU

CLT

SNZ

Specific gravity (g/m³)

2.13

2.16

2.31

Effect of temperature on water content
Dehydration: Dehydration property of the natural (local and imported) and
synthetic zeolite was examined under different temperature ranges from 100-600oC. As
illustrated in Fig. 5. Dehydration varies within this temperature range from 7.06% to 21%.
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Fig. 5: Dehydration curves of the different zeolite types at different temperature
The dehydration curves for the different types of zeolite shown in Figure 5 indicate a
maximum water loss is found in synthetic faujasite 13X, which is about 21% occurring
closed to 600oC. The relationship between temperature and the loss % is proportional for all
types of zeolite. The maximum water loss is 15.6% and 13% occurred at 600oC for
Jordanian and Syrian zeolite, respectively. Furthermore, Clinoptilolite-rich tuff has a
maximum water loss of about 10% occur at 600oC.

Water absorption capacity
The capacity of the different types of zeolite to regain water was examined under
different temperature ranges from 100oC to 600oC. The results show a maximum percentage
of water absorption capacity of 24.38% for the synthetic faujasite 13X at 500oC.
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Fig. 6: Water absorption capacity of the different zeolite types at 600oC
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While the maximum percentages of water absorption capacity of the other zeolite
types are 12.65%, 6.43%, 5.39% for the Jordanian-Faujasite, Syrian-zeolite, and Clinoptiloliterich tuff, respectively occurring at 300oC. All natural zeolites as indicated in Fig. 6 exhibit
decreasing in the water absorption capacity with increasing the temperature above 300oC
due to the thermal instability of the zeolite structure15.

Minerals identification
The identification of the different zeolite types were carried out using the XRD
technique. With respect to Jordanian zeolite different peaks describe different mineral, the
main zeolite minerals in the original sample are faujasite (FAU) at many angles 6.2o, 23.6o,
31.3o, and 39.8o, Phillipsite (PHI) has many peaks at different angles 12.5o, 15.6o, and 28o.
There is some other non-zeolite minerals include calcite (Cc) at angle 29.5o. XRD analysis
for Clinoptilolite-rich tuff indicated high presence of clinoptilolite (CLT) mineral at angles
9.8o, 11.1o, 22.4o, and 26.6o, calcite mineral has been also indicated at angle 29.9o as
non-zeolitic mineral. For Syrian zeolite the XRD analysis demonstrates one distinguished
peak which represents a large amount of calcite (Cc) at angle 29.4o, also phillipsite mineral
appears at different angles as a zeolite mineral besides to Montmorillonite (clay mineral).
Finally synthetic faujasite-13X all peaks describes the faujasite mineral at different angles as
seen in Fig. 14.

Chemical compositions
The chemical compositions of the different zeolite types using XRF and considered
as major oxides are SiO2, Al2O3, MgO, CaO, K2O, Na2O, which is incorporated within the
zeolite structure. Other oxides, such as Fe2O3, TiO2, P2O5, and MnO, correspond to the
presence of non-zeolite accessory phase. The high content of CaO in the Jordanian-Faujasite
and Syrian natural zeolite is attributed to the presence of calcite. There is a variation in the
major oxide percentage as a result of differences in zeolite types (local and imported
zeolites). These differences are due to the original material and depositional environments
that formed the zeolitic tuff deposits.

Scanning Electron Microscope (SEM)
All samples have been studied under scanning electron microscopes (SEM), to
recognize the morphology of the zeolite minerals surface.

Jordanian zeolites
(a). Faujasite
According to Ibrahim11, faujasite occur as isotropic rim enclosing palagonite clasts
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and preceding the crystallization of phillipsite. SEM image shows the part of faujasite
preceding the crystallization of phillipsite Fig. 7.

PHI

FAU

Fig. 7: SEM shows a part of faujasite and radiating phillipsite

(b). Phillipsite
Phillipsite is the most abundant zeolite mineral that appears under SEM. Phillipsite
occur as radiating crystal as seen previously in Fig. 7. Phillipsite also occur as prismatic
crystals as shown 8.

Fig. 8: SEM shows prismatic phillipsite crystal
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Clinoptilolite-rich tuff
Clinoptilolite mineral was investigated as thin bladed crystals; Fig. 9 shows a group
of clinoptilolite crystals.

Fig. 9: SEM shows thin bladed clinoptilolite crystals

Synthetic Faujasite-13X
Synthetic faujasite appears under electron microscope as spheroidal aggregate of
cubic crystal as shown in Fig. 10.

Fig. 10: SEM shows spheroidal cubic synthetic faujas
Jordanian-Faujasite, Syrian zeolite, and Clinoptilolite-rich tuff have been studied
under polarizing microscope to identify the zeolitic tuff composition and textural relationship.
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Jordanian-Faujasite tuff composed primary of angular to sub-angular vesicular lapilli clasts
made of palagonitized volcanic glass as brown to black color and iron oxides. Calcite occurs
as coarse-grained rim preceding phillipsite mineral (Plate 1B). Rock fragment from the
basalt was recorded; Olivine occurs as euhedral crystal distinguished usually by fracture and
pale-yellow to green color. Phillipsite (Ph) occurs mainly as white, radiating crystal
aggregates forming a thin rim on the granules or inside vesicles (Plate 1A), phillipsite also
occur as rosettes of radiating crystal. Faujasite (Fa) occur as continuous or discontinuous
isotropic rim (Plates 1B) usually not uniform in thickness, enclosing palagonite clasts and
preceding the crystallization of phillipsite. Chabazite (Ch) also recorded, as rhombohedra,
and occur as colorless transparent crystals.
Cc

1A

Ph

1B

Ph

Fa

Fig. 11: Photomicrograph of Jordanian zeolites
Clinoptilolite-replaced glass in the calcite-cemented tuff. Crystals of mainly
clinoptilolite as needle like-shape. Syrian zeolite the most abundant minerals is Clinopyroxene
(Augite) wish occur as prismatic crystals distinguished by imperfect cleavage, with
pleochriysim. Phillipsite mineral found in the sample as fibrous or radiated crystals. Rock
fragments, crystals are welded together by ash material; most of it is pyroclastic.

Chemical constitutions and IR interpretation
The infrared method has been demonstrated to be useful for determining zeolite
framework structures and compositions in studies on synthetic16,17 and natural samples18,19.
In the FTIR spectra of zeolite samples four groups of bands are present: The bands due to
the presence of zeolite water ranges betwwen 1600-3700 cm-1. The bands connected with the
internal Si-O (Si) and Si-O (Al) vibrations in tetrahedral or alumino-and silico-oxygen
bridges are in the range of 400-1200 cm-1. The bands due to the pseudo-lattice vibrations of

828

M. M. Hussein et al.: Characterization of Raw Zeolite and….

structural units ranges of 500-700 cm-1. The bands due to T-O bending are of 400-500 cm-1.
A broad band in the range of 3300-3700 cm-1 and another broad band in the range of
980-1230 cm-1, are due to the stretching vibrations of Si (Al)-O, this band is sensitive to the
content of Al and Si. At peak of 1650 cm-1 this is due to H-O-H bending20,21. The IR
absorption spectra of the un-modified zeolite samples were measured, peaks analysis
obtained from the spectra are shown in Table 6.
Table 6: Infrared absorption bands of Un-Modified zeolite samples
Jordanian
Zeolite

Syrian
Zeolite

Clinoptiloliterich tuff

Synthetic
Faujasite-13X

421.37

449.21

461.72

462.70

[T-O] at
400-500 cm-1

1024.00

1020.25

1049.26

1015.84

[Si-O-Si(Al) at
1000-1200 cm-1

1654-3672

1645-3444

1644-3671

1642-3472

[H2O] at
1600-3700 cm-1

Assignment

Surface area
To estimate the surface area only for Jordanian-Faujasite and Syrian natural zeolite,
methylene blue method was applied. Linearized Langmuir adsorption isotherm (Ce vs.
Ce/Qe) was used to determine the Qm (Maximum adsorption capacity), Figs. 12 and 13.
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Fig. 12: Linearized langmuir adsorption isotherm of Jordanian-Faujasite
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Fig. 13: Linearized Langmuir adsorption isotherm of Syrian zeolite
Maximum adsorption capacity was 14 mg/g and 83 mg/g for Jordanian-Faujasite and
Syrian zeolite, respectively. To calculate the surface area equation below was used:
S = Qm. N. Am × 10-20
From this equation, surface area was calculated as 36.1 (m2/g) and 214.79 (m2/g) for
Jordanian-Faujasite and Syrian zeolite. This result gives an indication of the ability of zeolite
to adsorb Methylene blue; Syrian zeolite has the higher ability to absorb methylene blue
more than Jordanian-Faujasite.

Characterization of surfactant-modified zeolite
Zeolite samples were modified using HDTMA-Br as surfactant and the modification
was at 100% (monolayer coverage). Samples were characterized by –

Anion Exchange Capacity (AEC)
Hence, the natural zeolites can exchange cations the cationic surfactants have a
great affinity to this negative charge. This property has been used to modify the external
surface of the zeolites by adsorbing a cationic surfactant to improve its anion exchange
capacity23.
Anion exchange capacity for the surfactant-modified zeolites was determined;
following the same procedure that applied for the raw zeolite (Kjeldahl method). The results
of the experiment are shown in Table 7.
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Table 7: AEC of Surfactant-Modified Zeolite
Zeolite type

AEC (meq/100 g)

Jordanian-Faujasite

121

Clinoptilolite-rich tuff

69

Syrian natural zeolite

110

Synthetic Faujasite-13X

270

As a comparison to the CEC of raw zeolite (158, 93, 142, and 300 meq/g) for
Jordanian-Faujasite, Clinoptilolite-rich tuff, Syrian zeolite, and Synthetic faujasite-13X,
respectively, the anion exchange capacity for the modified zeolites were less than the CEC,
this is due to the fact that the surfactant decrease the surface area and the pore volume as a
result of obstructed some of the main channels of the zeolite24.

Mineral identification
XRD analysis was applied to surfactant-modified zeolite samples to clarify any
changes occur as a result of samples modification. The results are shown in Figs. (14, 15).
The results are compared to un-modified zeolite samples.
A part from differences from the intensity of the XRD peak there are no changes in
zeolite mineral, as noticed from the figures, and this is in agreement with literature25.
1200
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Fig. 14: XRD diffractogram of modified Jordanian-Faujasite (1) compared to raw
Jordanian-Faujasite (2)
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Fig. 15: XRD diffractogram of modified synthetic Faujasite-13X (1) compared to raw
synthetic Faujasite (2)
The sorption of cationic surfactant on zeolite surfaces will result insignificant
changes to rigid cage structure, and the XRD spectra of SMZ and natural Clinoptilolite was
identical. This is also explained the results obtained from the natural (Jordanian and Syrian
zeolite) and synthetic Faujasite-13X, which remain identical spectra to SMZ. In these results,
the peaks intensity exhibit a significant changes; this increase in minerals content can be
refer to its separation from other minerals in zeolitic tuff26.

Chemical composition
Surfactant-modified zeolite samples were analyzed by XRF technique to identify the
chemical composition changes due to modification processes. The results of analysis are
shown in Table 8.
Table 8: Chemical composition surfactant-modified and raw zeolites
Major Jordanianoxides Faujasite
%
(SMZ)

Raw

Clinoptiloliterich tuff

Raw

SyrianZeolite

Raw

Synthetic
Faujasite13X

Raw

SiO2

39.9

38.9

66.4

66.8

35.2

37.5

34.3

35.6

TiO2

0.80

0.91

0.24

0.82

1.38

1.63

0.01

0.03

Al2O3

13.7

13.2

11.9

12.10

9.44

10.3

23.9

24.5

Fe2O3

4.82

5.62

1.42

1.58

8.72

9.93

0.04

0.05

Cont…
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Major Jordanianoxides Faujasite
%
(SMZ)

Raw

Clinoptiloliterich tuff

Raw

SyrianZeolite

Raw

Synthetic
Faujasite13X

Raw

MnO

0.15

0.15

0.06

0.07

0.12

0.13

0.00

0.00

MgO

4.10

4.73

1.10

1.19

8.75

8.85

0.00

0.11

CaO

9.44

10.2

2.72

3.13

12.3

15.7

0.03

0.41

Na2O

2.17

2.31

0.64

0.68

2.12

2.58

13.2

14.5

K2O

1.95

1.90

2.90

3.01

1.03

1.15

0.01

0.00

P2O5

0.44

0.44

0.05

0.06

0.57

0.68

0.00

0.02

LOI

21.8

20.8

11.8

10.3

19.6

10.7

27.7

24.0

Total

99.3

99.5

99.23

99.7

99.23

99.0

99.19

98.0

Results from the table above, exhibit an increase in SiO2 content for JordanianFaujasite and decreased for the other zeolite samples. L.O.I. also exhibits an increase due to
samples modification which reflects the increase in the organic matter on the surface of the
zeolitic tuff minerals. As a result of modification the decrease in the inorganic cations (Ca2+,
Mg2+, Na+, and K+) refer to replacing the zeolite surface by cationic surfactant molecules,
which is with an agreement with literature22. The modification of zeolite by cationic
surfactant is occurred by replacing inorganic cations by surfactant molecules.

FTIR of pure cationic surfactant
The IR absorption spectrum of the HDTMA-Br was measured, peaks analysis
obtained from the spectra are shown in Table 9.
Table 9: Infrared absorption bands of HDTMA-Br
HDTMA-Br

Assignmenta

722.62 (W)

[CH2] at 725 cm-1

1473.14 (s)

[CH2] at 1465 cm-1

2849.16 (S)

Vsy[CH2] at 2853 cm-1

2917.74 (S)

Vas[CH2] at 2926 cm-1

a: Reference26
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FTIR interpretation of surfactant-modified zeolite
IR absorption spectra were measured on modified zeolites and the results are shown
in Table 13. For modified zeolite the IR measurements were applied on both coverage of
surfactant at 50% and 200% to evaluate the zeolite surface loading with surfactant.
To study the molecular conformation of HDTMA chains on natural and synthetic
zeolite, the most intense absorption bands at 2918 and 2849 cm−1 in the FTIR spectrum of
the crystalline HDTMA-Br were associated with the antisymmetric (vasCH2) and symmetric
(vsyCH2) C–H stretching vibration modes of the methylene groups, respectively27-29.
In the IR spectra of saturated alkanes, there are two distinct peaks observed for
the methylene stretching modes (asymmetric, Vas [CH2] = 2926 cm-1, and symmetric,
Vsy [CH2] = 2853 cm-1)30,31.
Table 10: Infrared absorption bands of surfactant-modified zeolite samples
JordanianFaujasite

Syrian
Zeolite

Clinoptiloliterich tuff

Synthetic
Faujasite-13X

443.07

443.64

456.81

464.24

[T-O] at
400-500 cm-1

1020.98

1014.65

1065.79

1015.84

[Si-O-Si (Al) at
1000-1200 cm-1

1649-3446

1645-3444

1644-3671

1636-3482

[H2O] at
1600-3700 cm-1

2852

2847

2852

2852

Vsy [CH2] at
2853 cm-1

2924

2925

2919

2924

Vas [CH2] at
2926 cm-1

Assignment

Adsorption results
Effect of initial concentration on aniline and its derivatives uptake
To study the effect of initial concentration on aniline and its derivative uptake by
SMZ, using initial concentrations of 5, 15, 25, 50, 100, and 200 mg/L. This experiment was
carried out at the pH 4.63, 4.85, and 5.1 for aniline, N-Methylaniline, N,N-Dimethylaniline,
respectively. Research showed that the 24 hr. was sufficient to attain sorption equilibrium
for non ionic benzene derivatives, chlorinated aliphatic compounds, and inorganic anion32
and was assumed sufficient for phenol and aniline sorption33,34.
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The effect of initial aniline, N-Methylaniline, N,N-Dimethylaniline concentration on
adsorption by natural and synthetic zeolite revealed that the maximum adsorption of aniline
by surfactant modified zeolite was 50%, represented by clinoptilolite-rich tuff. The
maximum adsorption of aniline by other zeolite is: 28.4%, 45.6%, and 20% for JordanianFaujasite, Syrian-zeolite, and synthetic Faujasite, respectively. Modification of zeolite in this
work was up to 100% of ECEC and this is due to the repulsion of the anilinium cation from
SMZ treated to bilayer coverage35.
The result of initial N-Methylaniline concentration uptake by SMZ is adsorption of
N-Mehylaniline by SMZ is 69.5% represented by Syrian Zeolite; this is may be due to the
high surface area of Syrian zeolite. Clinoptilolite-rich tuff, Jordanian-Faujasite, and synthetic
Faujasite exhibit maximum adsorption of N-Methylaniline of 58%, 41%, and 28%,
respectively. The results of initial N,N-Dimethylaniline concentration shows a lower
adsorption uptake compared to the aniline and N-Methylaniline adsorption uptake, the
maximum adsorption uptake by natural zeolite (SMZ). Initial N,N-Dimethylaniline
concentration uptake by synthetic Faujasite is negligible.
Jordanian-Faujasite shows the highest adsorption of N, N-Dimethylaniline
represented by 16%, followed by 12.5% and 13% for clinoptilolite-rich tuff and Syrian
zeolite, respectively. The highest uptake of N,N-Dimethylaniline by Jordanian-Faujasite
resulted as the presence of faujasite mineral which has the largest diameter 7.4 Å36, this is
refer to the large size of N,N-Dimethylaniline. A comparison chart column of the maximum
adsorption of aniline and its derivative by SMZ is shown in Fig. 16.

Max. adsorption %

70
60
50
40
30
20
10
0

Jordanian- ClinoptiloliteFaujasite
rich Tuff

SyrianZeolite

Synthetic
Faujasite-13X

Aniline max. adsorption %
N-methylaniline max. adsorption %
N,N-dimethylaniline max. adsorption %

Fig. 16: Comparison between organic pollutant maximum adsorption uptakes by
different types of SMZ
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Linearized Freundlich adsorption isotherm was applied to analyze the data obtained
from the adsorption experiments. Aniline and its derivative uptake by SMZ were fit to
Freundlich adsorption isotherm and not applicable to Langmuir, this is due to the fact that
the surface of adsorbent is heterogeneous and the adsorption followed a physical adsorption
(i.e. van der Waals forces).
The results of linearized Freundlich adsorption isotherm of N-Methyl aniline
uptake by modified Jordanian faugisite and synthetic zeolite are shown in Fig. 17 and
N, N-Dimethylaniline experiments results are shown in Fig. 18.
1
0

Ln Qe

-1

1

2

3

4

5

-2
-3
y = 1.762 x - 7.754

-4

R2 = 0.883

-5
-6
-7

Ln Ce

Fig. 17: Linearized Freundlich adsorption isotherm of N-Methylaniline by modified
Jordanian-Faujasite
0

Ln Qe (mg/g)

-1

2

2.5

3

3.5

4

4.5

-2
-3
y = 2.662 x - 11.98

-4

R 2 = 0.979

-5
-6

Ln Ce (mg/L)

Fig. 18: Linearized Freundlich adsorption isotherm of N-Methylaniline by modified
synthetic Faujasite-13X
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0

ln Qe (mg/g)

-0.5

1

1.2

1.4

1.6

1.8

2

-1
-1.5

y = 3.574 x - 7.574
R2 = 0.805

-2
-2.5
-3

ln Ce (mg/L)

Fig. 19: Linearized Freundlich adsorption isotherm of N,N-Dimethylaniline by
modified Syrian zeolite
The relationship between Ce vs. Qe gives an indication of isotherm model
classification shows the relationship between Ce vs. Qe for aniline and its derivatives
adsorption by the different types of SMZ.
1.4
1.2

Qe (mg/g)

1
0.8
0.6
0.4
0.2
0

0

1

2

3

4

5

6

Ce (ppm)

Fig. 20: Ce vs. Qe of aniline adsorption onto Syrian-natural zeolite
The relationship between Ce vs. Qe for aniline adsorptions indicate C-type isotherm,
which reflect that the availability of sorbing sites is constant with increasing solute
concentration due to the increase in the sorbent phase.
Same relationship between Ce vs. Qe (C-type isotherm) goes for N-Methylaniline
adsorption by SMZ.
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0.02
0
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35
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55

65

75
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Fig. 21: Ce vs. Qe of N, N-Dimethylaniline adsorption onto Jordanian-Faujasite
The relationship between Ce vs. Qe for N,N-Dimethylaniline adsorption by SMZ
represents L-type isotherm, which reflects high affinity between the adsorbate and adsorbent,
and is usually indicative of chemisorptions.

Effect of pH solution on adsorption of aniline and its derivatives
The pH of a solution is one of the most important parameters affecting the
adsorption process. It is reported that pH of the solution would affect both aqueous
chemistry and surface binding sites of the adsorbent. Moreover, a change in pH also results
in a change in charge profile of adsorbate species, which consequently influences the
interactions between the adsorbate species and adsorbent.
To study the effect of the solution pH on the adsorption of aniline and its derivative,
batch test was carried out. Supernatants were analyzed by UV/Vis spectrophotometer.
Aniline exists in solution as protonated and deprotonated species, with the
proportions being a function of pH35. Aniline is a weak base that can be protonate to form
the anilinium ion as shown below.
NH3

+

NH2
pK a = 4.6

Anilinium

+ H+
Aniline

Schematic diagram shows the equilibrium state of aniline
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Aniline was repulsed by positive polarization in the acid solution because it was
protonated by strong Bronsted acid and become anilinium cation, but was attracted because
it was deprotonated by strong Bronsted base and become anilinium anion. On the other hand,
the donored electron capability amino group increases in the basic solution36.
Since the aniline is pH dependent, sorption of aniline by SMZ should vary with pH37-40.
It is concluded that the sorption efficiencies of aniline are high and stable under acidic
and neutral pH conditions and decrease with the increase of pH value under alkaline
pH conditions. Lower sorption of aniline at alkaline pH is probably due to the presence
of excess OH− ions competing with aniline for hydrogen bond formed with water
molecules.
Uptake of aniline by different types of SMZ shows different optimum pH. The
efficiency of individual material at different pH ranges. Jordanian-Faujasite (Fig. 22)
indicates that the maximum Qe is 0.54 mg/g at pH 5 and decrease at lower and upper pH 5.
0.56
0.54

Qe (mg/g)

0.52
0.5
0.48
0.46
0.44
0.42
0.4

3

4

5

6

7

8

9

10

11

12

pH

Fig. 22: Effect of Jordanian-Faujasite pH on aniline removal
In respect of clinoptilolite-rich tuff the relationship between pH and Qe is reversible
from pH 3 to 7, and then slightly increase from 7 to 11 as a result of converted aniline to
anilinium cation as pH increase. The maximum Qe value is about 0.85 mg/g. Syrian zeolite
exhibit unclear trend at pH less than 7 and become clear trend at pH more than 7. The
maximum Qe value is 0.66 mg/g at pH 11.
For synthetic Faujasite-13X the maximum Qe value is about 0.42 mg/g at pH 11,
indicate that the Qe is clear trend between pH 3-7 shows a zigzag trend and the trend become
a proportional as pH more than 7. This may be this is due to adsorb anilinium cation into the
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internal surface of surfactant modified-zeolite, which is still has a negative charge. As pH
increase the aniline converted to anilinium ion.
60

Efficiency %

50
40
30
20
10
0

3

4

5

6

7

8

9

10

11

12

pH
J-Fau

13X

CLT

SNZ

Fig. 23: Comparison of different SMZ pH on aniline uptake
This variation can be explained according to the pH experiment, the zeolite that
show the low pH was clinoptilolite-rich tuff represented by maximum removal efficiency of
aniline (49%) the highest pH was synthetic Faujasite-13X and indicated lower removal
efficiency (28.8%). For Jordanian-Faujasite and Syrian-zeolite the efficiency removal was
36.8%, 44.6%, respectively. The optimum pH of aniline and its derivatives that effect on the
adsorption process of the uptake by SMZ was examined under different pH. Fig. 24 shows
the optimum pH values of aniline, N-Methylaniline, and N,N-Dimethylaniline of the
adsorption uptake by different adsorbent.
12

Optimum pH

10
8
6
4
2
0

JordanianFaujasite
Aniline

Clinoptiloliterich Tuff
N-methylaniline

SyrianZeolite

Synthetic
Faujasite-13X

N,N-dimethylaniline

Fig. 24: Optimum pH of aniline and its derivative of the uptake by SMZ
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CONCLUSIONS
The characterization results show a variation of CEC ranges from 300 meq/100g, for
synthetic zeolite, 158 meq/100 g for Jordanian-Faujasite, 142 meq/100 g) for Syrian-zeolitic,
and for clinoptilolite-rich tuff was 93 meq/100 g. All types of zeolite show low specific
gravity ranges from 2.12-2.33 g/m3 and the pH experiments show that the zeolite acting as
alkaline materials.
No changes occurred in minerals during the modification of zeolite except for Syrian
zeolitic tuff, which exhibits an enhancement during modification led to identify zeolitic
mineral (phillipsite) and clay mineral (Montmorillonite). Jordanian zeolitic tuff contains
faujasite and phillipsite minerals, clinoptilolite-rich tuff only contain on clinoptilolite
mineral. In respect of synthetic Faujasite-13X only faujasite mineral was recorded.
Chemical composition show a decrease in inorganic cation (Na+, K+, Mg2+, Ca2+) on
the external surface of zeolite resulted as a modification by cationic surfactant molecules,
also an increase of SiO2 content occurred in all zeolite samples.
Scanning electron microscopy shows the geomorphology of the zeolite surface,
varies between faujasite rim, prismatic and radial phillipsite, thin bladed clinoptilolite, to
spheroidal cubic synthetic faujasite.
Adsorption of tested organic pollutants by surfactant modified zeolites was best
fitted to Freundlich adsorption isotherm more than Langmuir; this is due to heterogeneity of
the adsorbent surface.
Different types of adsorbent have been tested to remove aniline and its derivatives
by adsorption technique and it was noticed that it is depend on the pollutants itself and on
the adsorbent as well.
The removal efficiency of aniline was 50% by clinoptilolite-rich tuff, and 28.4%,
45.6%, and 20% for Jordanian-Faujasite, Syrian-zeolite, and synthetic Faujasite, respectively.
The removal efficiency of N-Methylaniline was 69.5% by Syrian-zeolite, and 58%,
48%, and 28% by Clinoptilolite-rich tuff, Jordanian-Faujasite, and synthetic Faujasite,
respectively.
The removal efficiency of N, N-Dimethylaniline was 16% by Jordanian-Faujasite,
and 13%, 12.5% by clinoptilolite-rich tuff and Syrian-zeolite respectively, and negligible for
synthetic Faujasite-13X.
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Since the data was best fitted to Freundlich adsorption isotherm (n) value for all
natural adsorbent isotherms was varies between 0.51-0.9 for aniline and N-Methylaniline
adsorption represented the difficulty of adsorption, while for synthetic adsorbent the
adsorption was favorable.
Adsorption of N, N-Dimethylaniline by Jordanian-Faujasite and clinoptilolite-rich
tuff show a difficulty in adsorption (depending on n value), and while for Syrian-zeolite
show a favorable adsorption.
The pH of a solution is one of the most important parameters affecting the
adsorption process, aniline, N-Methylaniline, and N, N-Dimethylaniline has a certain pKa
value (4.63, 4.85, and 5.1 respectively) that affect on its equilibrium state.
The sorption efficiencies of aniline and its derivatives are high and stable under
acidic and neutral pH conditions.
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