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ABSTRACT 
The adsorption behavior of thee pesticides were studied using Jordanian kaolinite. The increase 
concern of organic pollutants in the environment that can affect human health led us to search for 
new and environmental friendly low cost techniques and materials especially for water treatment. 
Jordanian kaolinite was brought from Jordan natural resources from different locations. The 
kaolinite was modified by cationic surfactants. The raw and modified kaolinite by cationic surfactants 
DDTMA-Br, TDTMA-Br and ODTMA-Br have been studied to determine their physical and chemical 
properties and any changes that may occur during modification of kaolinite.  
 
       Many techniques were being used to study the raw and modified kaolinite such as: X-Ray 
Fluorescence Spectroscopy (XRF), X-Ray Diffraction Spectroscopy (XRD), Scanning Electron 
Microscopy (SEM), Ultra Violet Spectroscopy (UV-Vis), Inductively Coupled Plasma (ICP/MS), Total 
Organic Carbon (TOC), Thermogravimetric and finally Fourier Transform Infrared Spectroscopy 
(FTIR). All these techniques were used to characterize modified and unmodified Jordanian kaolinite. 
The surface area of kaolinite was determined by applying Methylene Blue (MB) method. 
 
      The raw and modified kaolinite were applied to study the removal of some organic pollutants 
such: Methomyl (C5H10N2O2S), Metalaxyl (C15H21NO4) and Atrazine(C8H14ClN5) from aqueous 
solution using adsorption methods.   
 
      The highest percentage of removal was measured for Methomyl by using surfactant modified 
kaolinite samples, with a value of 75 % for each KWS1, KWS2.While for KWS3is 55%. The order of 
removal follows the sequence for kaolinite with the surfactants KWS1~KWS2 >KWS3. The removal of 
Atrazine by using surfactant modified kaolinite samples showed that KWS2 is 58% while the lowest 
percentage of removal is 45% for KWS1. The order of removal for modified kaolinite samples were 
KWS2>KWS1 >KWS3 and. Finally, for removal of Metalaxyl by using surfactant modified kaolinite 
samples showed moderate values ranging from 38 % for KWS1, 48% for KWS2. The order of removal 
for modified kaolinite sample KW is KWS2>KWS1 >KWS3. 
 
Keywords: Kaolinite, Adsorption, Modification and Pesticides. 
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INTRODUCTION 
 
Clay minerals are fine particles with particle diameters ranging from 2 to 5 μm. They are physically 
and chemically active. The internal structure of clays gives a specific   characteristic of its chemical 
activity, where the small size and a specific crystal shape give the physical properties of kaolinite [1]. 
Clay minerals are a well-known class of natural inorganic materials with well-known structural 
adsorption, rheological and thermal properties. These materials originally have a hydrophilic character 
due to the presence of the surface hydroxyl (-OH) groups, which can link very easily water molecules 
[2]. 

 

     Kaolinite is white, soft, plastic clay mineral mainly composed of the fine grained platy mineral 
kaolinite, with a moderate refractive index of 1.56, and occurs as extremely small hexagonal-shaped 
crystals of micron and submicron size. Kaolinite is a dioctahedral 1:1 layered clay mineral of 
structural formula Al2Si2O5(OH)4. Each layer consists of two sheets: a tetrahedral sheet in which 
silicon atoms are tetrahedral coordinated by oxygen atoms; and an octahedral sheet where aluminum 
atoms are octahedral coordinated to hydroxyl groups. The shared apical oxygen from the silica 
tetrahedral sheet [3]. The structure of kaolinite is shown in figures 1. 

 

     The hydroxyl surfaces (e.g., Al-octahedral surface in kaolinite) are excellent sites for grafting since 
the surface hydroxyls can condensate with alkoxyl groups and/or the hydroxyls in the hydrolyzed 
silane. Due to the high ratio of the terminal surface area of the basal surface area, hydroxyl groups 
located at breaking edges play an important role in the silane grafting reaction. However, due to the 
variation of the structure and property of phyllosilicates, prominent differences of the grafting 
mechanism and grafting sites exist among different clay minerals [2].  
 

 
Figure 1.  Structure of 1:1 clay mineral 

 
     The outer groups are situated along the unshared plane of the alumina hydroxyl sheet, while the 
inner groups are located along the plane that is shared with and borders on the silica oxide sheet. The 
movement of the inner hydroxyl plane is restricted as a result of chemical bonding between the silica 
and alumina sheets [4]. 
 
     For many years, the clay minerals have been used for adsorption of heavy metals, dye molecules, 
herbicides, anions such as nitrates, phosphates and sulphates, or gas adsorption like SO2.  In industry, 
these clay minerals are also used as a catalyst or in organic syntheses or as excipient in pharmacy. The 
application of clay minerals is greatly governed by their surface properties like adsorption capacities, 
surface charges, large surface area, and charge density [2]. 
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      Jordan is a semi-arid country with very limited fresh water resources. The availability of water is 
classified as very low on the Water Stress Index, which indicates the degree of water shortage or 
scarcity. Water supply aquifers in Jordan are expected to suffer from shortage because about 85% of 
the total amount of water is lost by annual evaporation, this leaves only small amount of surface and 
groundwater to enter the water supply [5] (Ministry of irrigation annual report 2020). 
 
      Pesticide contamination of surface water and ground water from agricultural use has been always 
a concern for a long time. Attention is usually focused on contamination by organochlorine pesticides 
(OCPs) due to their toxicity and persistence in environment [6]. 
 
      Some studies showed that some pesticides in which they are banned in Jordan may still be 
detected in some agricultural land in southern part of the Jordan valley and it is Surroundings and 
showed considerable concentrations in the soil [7] so it is easily for pesticides to enter in the water 
system and contaminate water aquifers.  

 
      Surfactants can be classified according to their dissociation in water, however some classify them 
according to their use, but this is not very useful because many surfactants have several uses. Cationic 
Surfactants are dissociated in water into an amphiphilic cation and an anion, most often of the halogen 
type. A very large proportion of this class corresponds to nitrogen compounds such as fatty amine 
salts and quaternary ammoniums, with one or several long chain of the alkyl type, often coming from 
natural fatty acids and this type of surfactants will be used in this research and will be used in 
modification of raw kaolinite [8]. 
 

 
 

Figure 2. Hydrophilic head faces the water; the hydrophobic tail  
faces the air (Salager 2002). 

 
      Adsorption is governed by a number of forces such as covalent bonding, electrostatic attraction, 
hydrogen bonding or non-polar interactions between the adsorbed species, lateral associative 
interaction, solvation, and de solvation [9]. 

 
      The theoretical rate laws for the proposed elementary steps and overall reaction are compared to 
experimentally determined reaction rates. That is, the reaction mechanism is elucidated by studying 
the reaction kinetics. Analogously, an understanding of the adsorption kinetics is important to 
understanding the mechanisms of adsorption [10]. 
 
      Adsorption isotherms can be defined as a curve relating the equilibrium concentration of a solute 
on the surface of an adsorbent (Qe) to the concentration of the solute in the liquid phase (Ce) we can 
give another definition that is equation relating the amount of solute adsorbed onto the solid phase and 
the equilibrium concentration of the solute in liquid phase. 
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The Langmuir Isotherm: It is usually used for a monolayer adsorption at specific homogenous at the 
surface of solid material.  
 
Equation (1) describe Langmuir eq. and can be applied for mono layer kaolinite and can determine 
slope and intercept. 

Ce/Qe=(1/Xm*KL) +(Ce/Xm)     …1 
 

Where: Qe: mass of solute adsorbed /mass of adsorbent (g). Ce: equilibrium adsorbate concentration 
remaining in the solution (ppm). Xm: monolayer capacity (mol g-1). KL: constant (mol ppm.g-1). 
Modification of kaolinite is done by many techniques and one of them is by using cationic polymer 
Dodecyl Trimethyl Ammonium Bromide (DDTMA-Br), Tetradecyl Trimethyl Ammonium Bromide 
(TDTMA-Br) and Octadecyl Trimethyl Ammonium Bromide (ODTMA-Br) coded S1, S2 and S3[11]. 

 
MATERIALS AND METHODS 

 
Sample Preparation: raw kaolinite KW samples were supplied by the Ministry of Energy and 
Mineral Resources (MEMR) from Buten Alguol in the southern part of Jordan. The samples were 
crushed, grinded, and sieved at 200 micro mesh at the Ministry of Energy and Mineral Resources 
(MEMR) laboratory to different particle sizes to be ready for analysis or used. A 250 g of raw 
kaolinite sample were immersed in 2.5 liters of distilled water and stirred for six hours, and then the 
mixture was left to settle down for 24 h, the water was decanted. This process was repeated many 
times. After the final decantation the slurry dried in oven for two days at 120Co. Any insoluble 
contaminants were removed, then kept in desiccators and coded Raw KW [12]. 
 
Modification of Raw Kaolinite by Different Cationic Surfactants: The raw samples of kaolinite 
were modified, in an independent manner, using three cationic surfactants: 
 

1. Dodecyl Trimethyl Ammonium Bromide (DDTMA-Br). 
2. TetradecylTrimethyl Ammonium Bromide (TDTMA-Br). 
3. OctadecylTrimethyl Ammonium Bromide (ODTMA-Br). 

 
      According to procedure as follows: 67 mM of each surfactant (S1, S2, and S3) was prepared. A 
volume of 66 ml of each solution was added to 20 g of kaolinite sample (raw KW) in 125 mL glass 
bottle, the mixture was stirred (125 rpm, 25C) in thermostatic shaker for 8 hours. The Supernant was 
discarded and the precipitate is washed twice with distilled water then dried in 50 Co oven over night 
and stored in desiccators, coded as raw kaolinite (KW) while modified kaolinite coded as (KWS1, 
KWS2, KWS3) for modified kaolinite [13]. 

 
Characterization of Raw and Surfactants Modified Kaolinite Samples: The raw modified 
kaolinite surfactant samples (KWS1, KWS2, KWS3) and the raw kaolinite samples (KW, was 
characterized by using many techniques like (X-Ray Fluorescence (XRF), X-Ray Diffraction (XRD)) 
and many other techniques that will be mentioned later. 
 
X-Ray Diffraction (XRD): This technique was used to characterize all kaolinite samples (KW, KB, 
KWS1, KWS2, and KWS3 X-ray beams were used to illuminate the samples during the analysis 
process. X’pert instrument powder Diffractometer was used to record the XRD data for the samples. 
The instrument was well equipped with Co target-cobalt anode Electrons from the outer shells replace 
the inner shell electron and any excess energy is emitted as X-ray photons. The photons have λ= 
1.78897Å  monochromatic plays a key role in removing X-rays that have undesired wavelengths. As a 
result, only Co Kα1 are detected; hence, simplifying the evaluation (EMRC) [14].  
 
X-Ray Fluorescence (XRF): The chemical composition between the raw and the modified kaolinite 
samples mainly in loss on ignition. The XRF machine is equipped with computer system attached to 
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the machine. And before starting analysis, samples must pass through sample preparation so it will be 
ready to be analyzed by XRF spectroscope as follows: 
 
      A 0.8 g of sample was mixed with 7.2 g of lithium tetra borate (Li2B4O7) in platinum crucible. 
Then few drops of HBr solution added to prevent the mixture to stuck in the internal walls of the 
platinum crucible. The preparation starts at temperature programmed process (1200C) at high 
temperature the solid material converted to molten and poured in a platinum dish to cool down to 
room temperature then analyzed. 

 
Scanning Electron Microscope (SEM): All kaolinite samples were coated with thin layers of carbon 
on double conductive copper tapes so they will be ready to be analyzes. Then they introduced into the 
scanning electron microscope to be scanned by a beam of highly energetic electrons in order to give a 
magnified three dimensional picture to 5000 times of the original size of samples. The beam of 
electrons is generated by cathode that is made of tungsten element which has a voltage of 15 KV 
(Forensic lab). 
 
Fourier Transforms Infrared Spectroscopy (FTIR): This technique was also used in the analysis of 
all kaolinite samples. IR radiation passes through a sample in an infrared spectroscopy. Some of the 
infrared radiation is absorbed while some just passes/transmitted through the sample [15]. The 
spectrum that is formed clearly represents the molecular absorption and transmission; this creates a 
molecular fingerprint of the sample.The raw and modified kaolinite samples must be passed through 
sample preparation so it will be ready to analysis as in the following:Grinding about 1.0 mg of each 
sample with approximate of 300 mg of KBr in a clean mortar then the mixture was pressed to ten 
thousand psi to form a pellet (KBr disk) and introduced in a double beam FTIR instrument with a 
resolution of 4 cm-1 for analysis. 
 
Total Organic Carbon (T.O.C): All raw Kaolinite and surfactant modified kaolinite were analyzed 
for their carbon content using Total Organic Carbon (LECO-T.O.C) analyzer. 
 
      About 1.0 g of each sample was combusted in the T.O.C analyzer at a furnace temperature of 
1450C°. The CO2 gas was detected from the flow oxygen gas by thermal conductivity cell detector 
[16].  The percentage of carbon is displayed on a direct reading digital display (Ministry of Energy 
and Mineral Resources). 
 
Inductive coupled plasma mass spectrometry CP/MS: All raw Kaolinite samples were analyzed by 
ICP/MS; in which it is an excellent analytical technique used for elemental determinations. An ICP-
MS combines a high temperature ICP (Inductively Coupled Plasma) source with a mass spectrometer. 
The sample is typically introduced into the ICP plasma as an aerosol, either by aspirating a liquid or 
dissolved solid sample into a nebulizer or using a laser to directly convert solid samples into an 
aerosol. Once the sample aerosol is introduced into the ICP torch, it is completely de solvated and the 
elements in the aerosol are converted first into gaseous atoms and then ionized towards the end of the 
plasma. Once the elements in the sample are converted into ions, they are then brought into the mass 
spectrometer via the interface cones (EMRC). 
 
Thermogravimetric Methods TG/DTA: Kaolinite samples were characterized by using the rate and 
degree of heat changes as a function of temperature. This analytical technique is used to aid in the 
understanding of thermal properties of both organic and inorganic materials. Essentially, a 
temperature program is applied to the sample and reference material and the difference between the 
two materials is recorded. When some kind of thermal transition occurs, thermal energy is either 
added to the sample or to the reference material to maintain both materials at the same temperature 
(Civil Defense Lab.). 
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Surface Area Estimation: Surface area of any material can be determined by adsorption of 
Methylene Blue into the solid adsorbents. So a 100 ppm stock solution of MB prepared in distilled 
water. Standard solutions of 10, 20, 30,40,40,50,60,70,80, and 90 ppm were prepared, so that 
calibration curves of MB with straight line. Surface area and cation exchange of kaolinite measured 
by the adsorption of MB in aqueous solutions. 
 

 
 

Figure 3. Calibration curve of MB solution at λmax=665 nm. 
 
     The surface area for raw kaolinite samples (KW) and surfactant modified kaolinite (KWS1, 
KWS2, KWS3, were determined by using MB method [17]. Masses of 15, 30, 45, 60, 75, 90, and 105 
mg of kaolinite were put in 250 mL Erlenmeyer flask and added 100 ml of 50 ppm MB then left the 
mixture at room temperature in darkness for 6 weeks then analysis of the adsorbate by using UV/Vis 
spectrophotometer at λmax =665 nm. Langmuir adsorption isotherms equation (2) is applied to 
determine the monolayer cation exchange by using the following linear equation that is applied for all 
kaolinite samples and minerals: 
 

Ce/Qe=1/Xm .KL+Ce/Xm … 2 
 

Where: Qe: mass of solute adsorbed /mass of adsorbent (g), Ce: equilibrium adsorbate conc. 
remaining in the solution (ppm), Xm: monolayer capacity (mol g-1), KL: constant (mol ppm.g-1). 

 
      When plotting Ce/Qe vs. Ce it must give a straight line and from that line a slope and intercept can 
be determined (slope equal1/Xm and Ce/Xm equal intercept). So surface area can be calculated 
according to data collected from above equation, the monolayer capacity (Xm) by applying the 
following equation (3): 
 

S=Xm.N.Am.σ  …(3) 
 
Where:S: surface area (m2 g-1)  N: Avogadro's number (6.022*1023 molecule mol-1). Am: Molecular 
cross sectional area (120 A2 /molecule of methylene blue).σ: factor =10-20 m2/A2. 
 
Removal of Methomyl: The Maximum wavelength values for Methomyl were determined according 
to the concentrations below, then a 100 ppm stock solutions for Methomyl, were prepared in DW and 
ethanol to enhance solubility. Standard solutions (2, 5, 7, 9, 10, 20, 30, 40, 50 and 60 ppm) were 
prepared as shown below calibration curves for Methomyl, Figures 4, at λmax 234 nm (Table 1). The 
same procedure was repeated for the other 2 types of pesticides (Metalaxyl, Atrazine) and calibration 
curves found as below at λmax Figures 5, 6  with λmax =206 nm and 220 nm respectively (Table 2 and 
3). 
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Table 1. Absorption of Methomyl at λmax =234 nm 
 
 

Concentration of Methomyl 
 (ppm) 

Absorption  
(λmax =234 nm) 

2 0.13 
5 0.28 
7 0.4 
9 0.49 
10 0.53 
20 0.85 
30 0.95 
40 1.05 
50 1.15 
60 1.4 

 
 

 
 

Figure 4. Calibration curve of Methomyl solution at designated wavelength. 
 

Table 2. Absorption of Metalaxyl at λmax=206 nm 
 

Concentration of 
 Metalaxyl  (ppm) 

Absorption 
 (λmax =206 nm) 

2 0.15 
5 0.33 
7 0.45 
9 0.51 
10 0.55 
20 0.71 
30 0.85 
40 1.03 
50 1.2 
60 1.3 
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Figure 5. Calibration curve of Metalaxyl solution at designated wavelength. 
 

Table 3.Absorption of Atrazine at λmax =220 nm 
 

Concentration of Atrazine  
(ppm) 

Absorption  
(λmax =220 nm) 

2 0.3 
5 0.45 
7 0.52 
9 0.6 
10 0.63 
20 0.74 
30 0.78 
40 0.86 
50 1.1 
60 1.15 

 

 
 

Figure 6. Calibration curve of Atrazine solution at designated wavelength. 
 
      The removal of three selected pesticides from water using raw kaolinite (KW), and surfactant 
modified kaolinite (KWS1, KWS2, KWS3,) was studied. About 1.2 gram of each kaolinite samples 
were placed in a different 125 mL glass bottles then a 30 mL of 100 ppm of each pesticide 
(Methomyl, Metalaxyl, and Atrazine) were added. All samples were shaken at 25C and 150 rpm for 
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24 h. The supernatant of each solution was centrifuged and applied for UV-Vis spectrophotometer 
analysis then analyzed according to calibration curves shown in figures 4, 5 and 6. 

 
RESULTS AND DISCUSSION 

 
Raw kaolinite samples (KW) were modified by using three surfactants in which they are: 

1. Dodecyl Trimethyl Ammonium Bromide (DDTMA-Br) coded (S1). 
2. OctadecylTrimethyl Ammonium Bromide (ODTMA-Br) coded (S2). 
3. TetradecylTrimethyl Ammonium Bromide (TDTMA-Br) coded (S3). 

 
     The raw kaolinite KW and the surfactant modified samples KWS1, KWS2, KWS3, were 
characterized by X-Ray Diffraction (XRD), X-Ray Fluorescence (XRF), Scanning Electron 
Microscopy (SEM), Fourier Transform Infrared (FTIR), and Total Organic Carbon (T.O.C). The 
surface area determined by using Methylene Blue (MB) method, and to determine the adsorption 
capacities of kaolinite samples for pesticides. 
 
Characterizations of kaolinite samples 
X-Ray Fluorescence (XRF): The raw kaolinite samples were analyzed using XRF technique and 
tabulated in table 4 shown below. 
 
The loss on ignition in kaolinite samples in which they indicate the amount of water and any volatile 
component that might be present in raw kaolinite samples and from the table 4 it was seen that raw 
KW had different water content with increase in raw KW that might be. 
 

Table 4. Chemical composition of raw kaolinite 
 

Oxide% 
Sample SiO2 Al2O3 TiO2 Fe2O3 MgO CaO Na2O K2O L.O.I 

Raw KW 45.5 30.1 0.95 3.26 0.84 0.55 1.05 2.18 15.5 
 
Modified kaolinite samples (KWS1, KWS2, KWS3, were also analyzed for chemical composition in 
XRF, Table 5 shows the chemical composition of the samples. 
 

Table 5. Chemical composition of modified white kaolinite samples 
 

            Oxide% 
Sample SiO2 Al2O3 TiO2 Fe2O3 MgO CaO Na2O K2O L.O.I 

KWS1 43.8 28.4 0.95 2.26 0.54 0.35 0.8 1.18 17.75 
KWS2 43.5 28.25 0.95 2.20 0.64 0.50 0.85 1.2 17.5 
KWS3 43.4 28.15 0.85 2.35 0.84 0.55 0.7 0.95 17.3 
 
      Table 5 Shows the trend of loss on ignition in all raw and modified kaolinite samples in which it 
shows the values of surfactants were loaded on the surface as in the following order: 
KWS1>KWS2>KWS3>Raw KW, for KW that means the surfactants were loaded on kaolinite 
samples (KW) in the following order: S1>S2>S3.  
 
      The modified kaolinites show a notable decrease in their values compared to raw kaolinite. Also it 
is observed for MgO, CaO, Na2O, and K2O. Surfactants have changed the raw kaolinite samples 
composition and the percentage ratios of most abundant metal oxides.  
 
X-Ray Diffraction (XRD): The Kaolinite samples (raw KW, KWS1, KWS2, KWS3, were analyzed 
for their mineral composition by using XRD techniques, the samples of raw and modified kaolinite 
were dried and grinded then introduced in the instrument, as shown in table 6 and it is found that 
kaolinite is the major constituent, muscovite and chlorite were traces. In modified samples the mineral 
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composition is the same that indicates the surfactants doesn’t affect the mineral composition of 
kaolinite samples [18]. Also XRD confirmed that the raw kaolinite samples are not affected by 
modification in which it says that the interactions concerned essentially the superficial groups of 
kaolinite via an adsorption process. Measuring peaks intensity and basal spacing d (001) and d (002) 
of raw kaolinite give us very important information of the effect of any interaction.  
 

Table 6. Mineral composition of kaolinite samples (raw KW,  KWS1, KWS2, KWS3 
 

Item Sample Kaolinite Quartz Muscovite Other 
1. KW *** ** * * 
2. KWS1 *** ** * * 
3. KWS2 *** ** * * 
4. KWS3 *** ** * * 

***major       ** minor     * trace 
 

      As shown in table 6 in the kaolinite,the modification of raw kaolinite samples with the three 
surfactant indicated no change in the mineral composition for kaolinite samples that we used here in 
this research because the surfactants are deposited on the surface of kaolinite. 
 
ICP/MS: The raw kaolinite samples were analyzed by ICP/MS so it can give an idea of trace 
elements that exist in raw kaolinite. Table 7 shows the results. 

 
Table 7. Trace elements exist in raw kaolinite in ppm 

 
       Element ppm 
Sample Ba Cu Pb Sr V Cr Mo Ni Th U 

KW 373 18 63 19 101 77 1.5 15 3 1.5 
 
Table 7 shows that the highest trace element in raw KW is Barium with 373 ppm and Vanadium with 
101 ppm with slight concentration of chromium 77 ppm. 
 
Fourier Transform Infrared Spectroscopy (FTIR): The infrared spectrum represents a finger print 
of a sample with absorption peaks in which it corresponds to the frequencies of vibrations between the 
bonds of the atoms making up the material. Because each different material is a unique combination 
of atoms, no two compounds produce the exact same infrared spectrum (Thermo Nicolet instrument). 
Kaolinite often show four sharp peaks at (3695, 3670, 3650 and the fourth 3620) cm-1 and by studying 
them deeply it found that the first three peaks are for hydroxyl that are located in the surface. 
 
Surfactants: The infrared results for the three cationic surfactants used for modification of kaolinite 
samples (S3: TDTMA-Br, S2: ODTMA-Br, S1: DDTMA-Br) are shown in the following table 8. 
 
      So it can be noticed from table 8 that the absorption bands for the three cationic surfactants (S3: 
TDTMA-Br, S2: ODTMA-Br, S1: DDTMA-Br) were found at about (729-731) cm-1, (1463-1466)  
cm-1, (2848-2851) cm-1, and (2915-2917) cm-1, in which they assigned for rocking, scissoring, 
symmetric stretching vibration (υsy), and asymmetric stretching vibration (υas) of CH2 group. 
 

Table 8. Infrared absorption bands (cm-1) for cationic surfactants 
(S3: TDTMA-Br, S2: ODTMA-Br, S1: DDTMA-Br) 

 
S3: TDTMA-Br S2: ODTMA-Br S1: DDTMA-Br Assignment 

731 729 730 rocking [CH2] 729 
1465 1464 1466 scissoring [CH2] 1465 
2849 2850 2851 υsy[CH2] 2850 
2916 2915 2917 υas[CH2] 2916 

υas: asymmetric stretching vibration; υsy: symmetric stretching vibration. 
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Figure 7. IR spectroscopy for (TDTMA-Br) surfactant. 
 
Infrared absorption bands (cm-1) for raw kaolinite: The results of Infrared study of raw samples of 
kaolinite are shown in the following table 9. In which it indicates the shape of the peaks and stretching 
vibration of kaolinite molecule. 
 

Table 9. Infrared results for raw kaolinite samples 
 

KW Shape of the peak Remarks 
3693.5 Sharp OH-stretching vibration of SiO-H of kaolinite 
3620 Sharp Kaolinite characteristic band OH- stretching vibration of SiO-H muscovite 
3437 Shoulder OH- stretching vibration of SiO-H 
1625.5 Weak Water bending vibration 
1038.5 Sharp Kaolinite characteristic band 
915 Medium Si-O stretching 
798 Medium Quartz characteristic band Si-O stretching of Si-O-Si 
778.7 Weak O-H vibration of SiO-H of quartz 
537.9 Sharp β [Si-O-Si] of kaolinite (539),and muscovite (535) 
469.5 Sharp β [Si-O-Si] of kaolinite (474),and quartz (462) 
431.3 Medium Kaolinite (433) 

 
 

 
 

Figure 8. IR spectroscopy for kaolinite. 
 

      The absorption bands at 3696 cm-1 and 3620 cm-1 are assigned to terminal Si-OH, some of the 
main absorption bands of kaolinite occur at (1038, and 912) cm-1. Some of the main adsorption bands 
of kaolinite occur at (3437, 1038, and 912) cm-1[ [19]. The band at 3620 cm-1is due to the free silanol 
group (SiO-H), the band at 1024 cm-1 reflects the siloxane (Si-O-Si) group stretching, and the band at 
912 cm-1 corresponds to the (Si-O) stretching of silanol group, 787 cm-1 band represents (SiO-H) 
vibration, 525 and 453 cm-1 absorption bands are due to bending vibration of (Si-O-Si) of kaolinite. 
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      The appearance of the band at 1465 cm-1 for the modified kaolinite which is assigned to scissoring 
(CH2) group of the tail moiety of the surfactants confirms the modification process. The absorption 
band appeared at 730 cm-1 that is assigned to rocking (CH2) group of the tail moiety of the pure 
surfactant has shifted to 720 cm-1 in all modified samples. The absorption band appeared at 2849 cm-1 
that is assigned to υsy (CH2) group of the tail moiety has shifted to (2855, 2851, 2851, 2851, and 2853) 
cm-1. 
 
Modified treated kaolinite: The results of infrared study for surfactant modified kaolinite and 
surfactant (S1, S2, and S3) with KW kaolinite are shown in table 10.  
 

Table 10.  Infrared study of white kaolinite KW 
 

KW KWS1 S1 KWS2 S2 KWS3 S3 REMARKS 
431.3 431.3  431.3  431.3  No shift happened 
469.5 469.5  469.5  469.5  No shift happened 
537.9 537.9  537.9  537.9  No shift happened 
 720 731 720 729 720 730 Shifted because of surfactant band 
778.7 778.7  778.7  778.7  No shift happened 
798 798  798  798  No shift happened 
1038.5 1038.5  1038.5  1038.5  No shift happened 
 1465 1465 1465 1464 1465 1466 Shifted because of surfactant band 
 2855 2849 2855 2850 2855 2851 Shifted because of surfactant band 
 2924 2916 2924 2915 2924 2917 Shifted because of surfactant band 
3437 3437  3437  3437  No shift happened 
3620 3620  3620  3620  No shift happened 
3693.5 3693.5  3693.5  3693.5  No shift happened 

 
      It can be noticed from the above mentioned table 10, that the modification of kaolinite with 
different type of cationic surfactants didn’t change the main structure of kaolinite so the main 
absorption bands appear at (431.3, 469.5, 537.9, 778.7, 798, 915, 1038.5, 1625.5, 3437, 3620 and 
3693.5) cm-1 appeared in modified and unmodified samples of kaolinite with some shifting in some of 
them which can be attributed to the loading of surfactant modified kaolinite samples. 
 
      The appearance of the band at 1465 cm-1 for the modified kaolinite in which is assigned to 
scissoring (CH2) group of the tail moiety of the surfactants confirms the modification process the 
absorption band appeared at 730 cm-1 that is assigned to rocking (CH2) group of the tail moiety of the 
surfactant has been shifted to 720 cm-1 in all modified kaolinite samples. 
 
       The absorption band appeared at 2849 cm-1 that is assigned toυsy(symmetric stretching vibration) 
of (CH2) group of the tail moiety has shifted to (2849, 2850, and 2850) cm-1 in all modified kaolinite 
samples. The absorption band appeared at 2916 cm-1 that is assigned toυas (asymmetric stretching 
vibration) of (CH2) group of the tail moiety has shifted to (2916, 2915, and 2915) cm-1 respectively. 
 
Total Organic Carbon: In order to calculate the amount of cationic surfactant loaded on the surface 
of kaolinite samples and the adsorbed pesticide on the surface of kaolinite were determined the total 
organic carbon analysis technique was made, because it gives accurate results for the real surfactant 
and pesticide loaded on the surface of kaolinite. Table 11 represents the carbon content in kaolinite 
samples modified and unmodified.  
 
       Figure 9 shows the trend for organic carbon content in kaolinite samples as in the following 
order: KWS2>KWS3>KWS1>Raw KW. 
 
      The difference between Total Organic Carbon (T.O.C) in all modified kaolinite samples compared 
to raw kaolinite (KW) confirms the loading of surfactants on kaolinite. 
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      Total organic carbon (T.O.C) percentages of samples were converted into (mmol carbon 100g-1) 
according to the following equation. 
 

[mMol carbon 100 g-1 mineral]= [g organic carbon/100 g mineral]*[1000/12]  …4 
 
      Figures 9 show the amounts of T.O.C in raw kaolinite samples with their modification loading on 
their surface [20]. 

 
Table 11. T.O.C % of raw kaolinite and modified surfactants S1, S2 and S3 

 

No . Sample T.O.C % Carbon loading 
(mmol 100g-1) 

1 Raw KW 0.14 0.12 
2 KWS1 1.1 0.92 
3 KWS2 2.85 2.38 
4 KWS3 2.2 1.85 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

Figure 9. Amount of organic carbon content in white kaolinite samples. 
 

      As shown in tables and figures above that the raw samples of kaolinite have very low amount of 
organic material. All modified kaolinite samples showed higher T.O.C values than the raw samples. 
This trend confirms the loading of surfactants on the surface of raw kaolinite samples. The highest 
T.O.C content in kaolinite samples was found in KWS2 that equal to 2.85 so that surfactant S2 
increase the organic matter in raw kaolinite and that may be explained because of the nature of that 
surfactant.  
 
Scanning Electron Microscopy: SEM is used to obtain structural and analytical information about 
minerals (Schroder and Muller, 2001) as SEM pictures show the surface of raw kaolinite samples in 
which it confirms that its monolayer. Also it is noticed the coverage of kaolinite pores that indicate 
the cationic surfactants were took place and cover the pores of raw kaolinite samples.  
 
      Kaolinite can be recognized by its platy morphology and hexagonal outlines by using SEM. As it 
is noticed from the above figure. The spectrum shows the presence of Al, Si, and O along with minor 
concentrations of K and Na. Some platelets with semi-hexagonal edges were observed as well, and the 
spectrum shows these small platelets are composed of Al, Si, and Oxygen. 
 
Surface Area Estimation: The results of Langmuir adsorption isotherms for MB adsorption on 
kaolinite are listed in tables (12 to 15) the saturation level of MB adsorption and its adsorption 
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isotherms for all kaolinite samples are shown in Figures (11 to 17). And by applying the equation, 
calculation of surface area of all raw and modified kaolinite samples can be done: 
 

 
 

Figure 10. SEM for raw kaolinite. 
 

Surface area estimation of raw and modified kaolinite: To ensure that the glassware used during 
the time needed for system to reach equilibrium does not affect the Methylene Blue concentration; 
blank solutions of Methylene Blue were used. Table 12 shows that the amounts adsorbed of 
Methylene Blue on glass of the glassware have been used are negligible or zero and it does not affect 
the results of adsorption on kaolinite. Table 13 shows the summary of the results of monolayer 
capacity and surface area of kaolinite in which it will be derived from Langmuir equation. 
 

Table 12. Amount of MB adsorbed on glass 
 

Initial conc. ppm Final conc. ppm 
1 1.1 
5 4.9 
10 10 
15 14.9 
20 19.8 
25 25.1 
30 29.7 
35 35.1 
40 39.9 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 11.  Relation between the initial and final concentration for the blank MB solution. 
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Adsorption of MB on raw kaolinite KW: 30 g of adsorbent were taken at different concentrations of 
MB; then measured the adsorbed of MB. Table 13 shows the results. 
 

Table 13.  Adsorption of MB on raw kaolinite KW 
 

Mass of 
adsorbent 

(mg) 

Eq.[MB] 
Ce (mg L-

1) 

[MB] 
adsorbed 
(mg L-1) 

Mass of [MB] 
Adsorbed (mg) 

[MB] adsorbed 
(mmoles) 

Qe 
(mmol mg-1) Ce/Qe 

30 0.14 0.87 0.087 2.7E-04 0.91E-05 0.14E05 
30 1.78 3.3 0.33 1.03E-03 3.45E-05 0.49E05 
30 5.56 4.5 0.45 1.41E-03 4.70E-05 1.17E05 
30 11.15 3.9 0.39 1.22E-03 4.08E-05 2.72E05 
30 14.93 5.1 0.51 1.60E-03 5.33E-05 2.80E05 
30 21.24 3.8 0.38 1.19E-03 3.97E-05 5.34E05 
30 24.33 5.7 0.57 1.79E-03 5.96E-05 4.08E05 
30 44.15 5.9 0.59 1.85E-03 6.17E-05 7.15E05 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 12. Adsorption of MB on raw kaolinite KW. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 13. Langmuir adsorption isotherm for raw kaolinite KW. 
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Table 14. Adsorption of MB on KB 
 

 
Table 15. Adsorption of MB on modified kaolinite KWS1 

 
Mass of  

adsorbent 
(mg) 

Eq.[MB] Ce 
(mg L-1) 

[MB] adsorbed 
(mg L-1) 

Mass of [MB] 
adsorbed(mg) 

[MB] 
adsorbed 
(mmoles) 

Qe(mmol 
mg-1) Ce/ Qe 

30 0.11 0.89 0.087 2.8E-04 0.93E-05 0.12E+05 
30 1.12 3.85 0.38 1.21E-03 3.99E-05 0.28E+05 
30 4.69 5.25 0.55 1.66E-03 5.58E-05 0.84E+05 
30 10.82 4.15 0.39 1.30E-03 4.49E-05 2.41E+05 
30 14.39 5.58 0.56 1.79E-03 5.83E-05 2.47E+05 
30 20.25 4.8 0.46 1.55E-03 5.03E-05 4.02E+05 
30 24.35 5.57 0.57 1.80E-03 5.87E-05 4.15E+05 
30 43.15 6.85 0.59 2.13E-03 7.27E-05 5.93E+05 

 

 
 

Figure  14.  Adsorption of MB on raw kaolinite KWS1. 
 

Table 16.  Summary of the results of monolayer capacity and  
surface area of kaolinite derived from Langmuir equation 

 
 

Sample Slope Xm S(m2/g) Relative surface area 
KW 16266 6.14779E-05 44.43 100 

KWS1 14093 7.09572E-05 51.28 115.42 
KWS2 13759 7.26797E-05 52.52 118.22 
KWS3 12644 7.90889E-05 57.15 128.65 
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Mass of 
adsorbent (mg) 

Eq.[MB] 
Ce (mg L-1) 

[MB] adsorbed 
(mg L-1) 

Mass of [MB] 
Adsorbed (mg) 

[MB] adsorbed 
(mmoles) 

Qe 
(mmol mg-1) Ce/ Qe 

30 0.14 0.87 0.087 2.89E-04 0.91E-05 0.15E+05 
30 1.22 3.81 0.38 1.20E-03 3.97E-05 0.31E+05 
30 5.31 4.68 0.45 1.46E-03 4.880E-05 1.08E+05 
30 11.22 3.9 0.39 1.20E-03 3.99E-05 2.82E+05 
30 14.39 5.52 0.56 1.69E-03 5.83E-05 2.47E+05 
30 20.42 4.56 0.46 1.45E-03 4.83E-05 4.22E+05 
30 24.15 5.89 0.57 1.89E-03 6.17E-05 3.92E+05 
30 44.19 5.9 0.59 1.83E-03 6.07E-05 7.28E+05 
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Figure 15. Langmuir adsorption isotherms for raw kaolinite KWS1. 
 
 

 
 

Figure 16. Langmuir adsorption isotherm for raw kaolinite KWS3. 
 

      The monolayer capacity Xm is determined according to Langmuir equation with surface area 
determination, so we can show the results when applying the above equation (Eq. 4) to parameters 
obtained previously. 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

Figure 17. Histogram comparison of surface area for raw white kaolinite KW. 
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       The raw kaolinite samples show lower surface area than those of surfactant modified kaolinite 
samples so it is noticed that the modification of kaolinite samples by cationic surfactants increases the 
surface area with different ratio for cationic surfactants that used, so for KWS1 the increase in surface 
area is 16% and for KWS2 is 18% and KWS3 is 28% so surfactant S3 has increased surface area by 
28% and it is the maximum. Table 16 show that surface area for different type of kaolinite had the 
following order KWS3>KWS2>KWS1>KW so it is noticed like a trend regarding surface area with 
surfactants loaded on the surface of kaolinite samples.  
 
Thermogravimetric analysis: The thermogravimetric method offers a new approach to the study of 
clay and clay-like minerals as well as other minerals and compounds that gain or lose weight upon 
heating. This method depends upon the release or absorption of heat by the sample during the 
temperature cycle, and these transformations of energy result from either loss of volatile components 
or changes of entropy with reorganization of atomic structures in the sample. 
 
       Small amounts of water are liberated below 265C°, but loss of water is not rapid until about 
460C° to eliminate of absorbed water molecules on the external surface of the kaolinite particles. 
Water starts to release at temperatures between 460-650C° that causing of formation of what we said 
meta kaolinite, after the large endothermic reaction, the differential thermal curve returns to base line 
at about 800C°. A slight endothermic reaction occurs between 840 and 920C°, probably being due in 
part to absorption of energy initiating crystallization and in part to evolution of residual water. Only 
0.05 percent of water is lost from 840 to 920C°. 
 
      The elimination of water molecules through de hydroxylation can be demonstrated as in the 
following equation shown below: 
 

Al2 [Si2O5] [OH]4                        Al2O3 .2SiO2   +   H2O 
 
       This process is examined by TG/DTA analysis as a mass start to loss after 400C° and completed 
around 650 C°. This might be explained on the basis of the interaction of neighboring OH groups on 
the kaolinite samples. It might be a generation of water due to OH release from octahedral 
coordinated with Al+3 ions. The thermal behavior of high temperature region observed at 700C° in 
DTA curve as exothermic peak around 870-1000C°. At high temperatures around 950C°, meta 
kaolinite is transformed to spinal structure of Si-containing δ-AL2O3 and amorphous silica originating 
by exothermic reaction. It seems that SiO4 groups in which they are combined with AlO6 group could 
form [Al-Si]. At 920 C° and rising until reach 1100C° can form spinal phase as shown in the reaction 
below. 
 

  920-1100C°        
                         2 (Al2O3.2SiO2)                              2Al2O3.3SiO2+ SiO2 (Amorphous). 

 

 
 

Figure 18. Analysis of KW by TG/DTA. 
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APPLICATION 
 

Removal of pesticides (Atrazine, Methomyl, and Metalaxyl) from aqueous solutions by kaolinite 
samples: The results of adsorption of (Atrazine, Methomyl, and Metalaxyl) on modified and 
unmodified kaolinite are listed in tables 17, 18, and 19, and Figures (19, 20, and 21) show the relation 
between the amount adsorbed of pesticide compound and the initial concentration of activating 
surfactant with KW. 

 
Table 17. Atrazine removal of modified kaolinite  

KW with surfactants 
 

Code Initial conc 
.(ppm) 

Final conc. 
(ppm) 

Amount adsorbed 

KWP2 100 55 45 
KWS1P2 100 45 55 
KWS2P2 100 42 58 
KWS3P2 100 46 54 

 

 
 

Figure 19. Atrazine removal on (raw KW, KWS1P1, KWS2P1, and KWS3P1). 
 

       As shown in the above Table 18. The highest adsorption of atrazine occurred when using 
surfactant S2 with KW with a mount of removal up to 58 ppm (Figure 19) for modified kaolinite 
compared to 45 ppm for raw kaolinite. So modification increases the adsorption to about 29 %. 

 
Table 18. Methomylremoval when using surfactants (S1, S2, and S3) of kaolinite  

(raw KW, KWS1P2, KWS2P2, KWS3P2) 
 

Code Initial conc. (ppm) Final conc.(ppm) Amount adsorbed 
KWP2 100 60 40 

KWS1P2 100 30 70 
KWS2P2 100 30 70 
KWS3P2 100 45 55 

 
       As shown in the above table 19 and figure 20. The highest adsorption of Methomyl occurred 
when using surfactant S1 and S2 with KW with a mount of removal up to 70 ppm for each one for 
modified kaolinite compared to 40 ppm for raw kaolinite. So modification increases the adsorption to 
about 75 % for each one. 
 

Table 19 Metalaxylremoval when using surfactants (S1, S2, and S3) of white kaolinite 
 (raw KW, KWS1P3, KWS2P3, KWS3P3) 

 
Code Initial conc. (ppm) Final conc.(ppm) Amount adsorbed 

KWP3 100 62 38 
KWS1P3 100 50 50 
KWS2P3 100 52 48 
KWS3P3 100 53 47 
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Figure 20. Methomylremoval (raw KW, KWS1P2, KWS2P2, and KWS3P2). 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 21. Metalaxyl removal on raw kaolinite KW, KWS1P3, KWS2P3, and KWS3P3). 

 
      As shown in the above table 19 and figure 21. The highest adsorption of Metalaxyl occurred when 
we using surfactant S1 with KW with a mount of removal up to 50 ppm for modified kaolinite 
compared to 38 ppm for raw kaolinite which shows increase of adsorption by 24%.  

 
CONCLUSION 

 
The Jordanian kaolinite samples that have been used in this research (from Batn AL Ghoul) had a 
major content of kaolinite with minor muscovite and chlorite and this is concluded from XRF and 
XRD analysis of samples. The modification of Jordanian kaolinite by surfactants increases the 
adsorption of some pesticides used in Jordan. Modification of kaolinite samples affected the surface 
area of kaolinite. The surfactants have been used for modification of kaolinite using different cationic 
surfactants doesn’t change the mineral composition of the kaolinite and this is concluded by using 
XRF and XRD analysis to samples. 
 
     We can summarize the adsorption of three pesticides on kaolinite that each one of these raw 
kaolinite modified with cationic surfactants as in the following: 
 
      Removal of Methomyl using surfactant modified kaolinite samples show the highest percentage of 
removal of all samples with a value of 75% for each (KWS1, KWS2) and with the following order 
KWS1~KWS2 >KWS3 this agreed with literature [21].  Removal of Atrazine using surfactant 
modified kaolinite show the lowest percentage 18% and the order of removal for modified kaolinite 
sample is KWS2>KWS1 >KWS3. Removal of Metalaxyl using surfactant modified kaolinite samples 
they show moderate values ranging from 38% for KWS1 and the order of removal for modified 
kaolinite sample is KWS2>KWS1 >KWS3. 
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