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Characterisation of organoclays and adsorption of p-nitrophenol: Environmental

application

Yuri Park, Godwin A. Ayoko, and Ray L. Frost”

Chemistry Discipline, Faculty of Science and Technology, Queensland University of Technology,
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Abstract

Organoclays were synthesised through ion exchange of a single surfactant for sodium ions,
and characterised by a range of method including X-ray diffraction (XRD), BET, X-ray
photoelectron spectroscopy (XPS), thermogravimetric analysis (TGA), Fourier transform
infrared spectroscopy (FT-IR), and transmission electron microscopy (TEM). The change in
surface properties of montmorillonite and organoclays intercalated with the surfactant,
tetradecyltrimethylammonium bromide (TDTMA) were determined using XRD through the
change in basal spacing and the expansion occurred by the adsorbed p-nitrophenol. The
changes of interlayer spacing were observed in TEM. In addition, the surface measurement
such as specific surface area and pore volume was measured and calculated using BET
method, this suggested the loaded surfactant is highly important to determine the sorption
mechanism onto organoclays. The collected results of XPS provided the chemical
composition of montmorillonite and organoclays, and the high-resolution XPS spectra
offered the chemical states of prepared organoclays with binding energy. Using TGA and FT-
IR, the confirmation of intercalated surfactant was investigated. The collected data from
various techniques enable an understanding of the changes in structure and surface properties.
This study is of importance to provide mechanisms for the adsorption of organic molecules,

especially in contaminated environmental sites and polluted waters.
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Introduction

Clay minerals such as montmorillonite and smectite are abundant in nature. Clay minerals
are known as the swelling clays due to their tendency to swell and hydrate upon exposure to
water [1]. They are widely used in a variety of industries such as nano composites, catalysts,
photochemical reaction reagents, and adsorbents [2]. Among other applications, clays have
extensively been used as adsorbents in environmental systems, and the most commonly used
clay is montmorillonite because of its high cation exchange (CEC), swelling properties, high
surface areas, and consequential strong adsorption/absorption [3, 4]. Montmorillonite is a
typical 2:1 layered clay mineral that consists of two inward pointing tetrahedral sheets with a
central alumina octahedral sheet. The negatively charged clay layer surface is
counterbalanced by exchangeable cations such as Na' or Ca®" in the interlayer space due to
the isomorphous substitution within the layers (e.g. the replacement of Mg>™ or Zn*" for AI**
in the octahedral layer, and AI** for Si*" in the tetrahedral sheets) [4, 5]. Because of the
hydration of inorganic cations on the exchange sites, the clay mineral surface is hydrophilic
in nature and this makes the natural clays ineffective sorbents for the removal of organic
compounds. Such a difficulty has been overcome through ion exchange of inorganic cations
with organic cations such as quaternary ammonium cations (QACs), represented as

[(CH3);NR]", or [(CH3):NR,]", where R is a relatively short hydrocarbon substitution group.

By introducing cationic surfactant molecules into the interlamellar space through ion
exchange, the properties of clay minerals are changed from montmorillonite to organoclays.
The intercalation of cationic surfactant between clay layers exchanges the surface properties
from highly hydrophilic/lyophobic to increasingly hydrophobic/lipophilic [6]. As a result of
the modification of the properties of the swelling clay, the basal spacing in the layer increases
and new sorption sites of clays are exposed. Such changes in the properties of the surfactant
are important for the application of organoclays, and their significance in hydrophobic
organoclay is highlighted by their use for water purification. To date, the application of
organoclays to remove various organic compounds has been reported, and relative to
untreated clays, the adsorption capacity for the removal organic contaminants has been

improved by using organoclays [7-9].

In this study, tetradecyltrimethylammonium bromide (TDTMA) surfactant is used as an
example of a long alkyl cationic surfactant for the preparation of organoclays, since the effect

of the long alkyl surfactant with different loadings may increase the utilisation utility of the
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modified clays. The present work was undertaken to investigate the changes of structure and
physical properties in the modified clays, and the interlayer configuration of intercalated
surfactant in montmorillonite was elucidated by using X-ray diffraction (XRD), transmission
electron microscopy (TEM), Brunauer, Emmett, and Teller (BET), thermogravimetric
analysis (TGA) and Fourier transform infrared spectroscopy (FT-IR). In addition, using X-
ray photoelectron spectroscopy (XPS), the surface characteristics of montmorillonite and
organoclays were investigated. As many literature articles have reported the effectiveness of
organoclays as adsorbents, this study will further investigate any structural or physical
changes, or adsorption properties of the resultant organoclays when intercalated with organic
compounds. P-nitrophenol was chosen as a test molecule in this research. The obtained
results will offer new insights into the structure and adsorption properties of organoclays, and
will enhance the potential industrial applications of organoclays as a filter material in water

purification.

Experimental Methods
Materials

The pure montmorillonite (MMT) was purchased from Sigma-Aldrich, and was used
without further purification. The cation exchange capacity (CEC) of this pure
montmorillonite is 76.4 meq/100g (according to the specification of its producer). The
surfactant selected for the organoclay complexes in this study is
tetradecyltrimethylammonium bromide (denoted as TDTMA, Ci7H33NBr, FW: 336.41) from

Sigma-Aldrich, and used without any further purification.

Synthesis of Organoclays

The synthesis of organoclay complexes was undertaken by the following procedure: 4 g of
montmorillonite was initially dispersed in 400 mL of deionised water with a Heidolph
magnetic stirrer for about 30 minutes. A predissolved stoichiometric amount of surfactant,
which was dissolved in 100 mL of deionised water was stirred for a further 30 minutes. The
dissolved surfactant was slowly added to the clay suspension at room temperature (about 28 ~

30 °C). The CEC of the montmorillonite is 76.4 meq/100g, which represents a measure of the
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loading of the clay with the cationic surfactant. For instance, 1.0 CEC is applied when 76.4
meq/100g is intercalated into the montmorillonite. During the synthesis, a range of surfactant
concentration in terms of the CEC value from 0.25 CEC through 2.0 CEC was prepared and
labelled as 0.25 CEC-TDTMA, 0.5 CEC-TDTMA, 1.0 CEC-TDTMA, 1.5 CEC-TDTMA,
and 2.0 CEC-TDTMA. The mixtures were stirred for 3 hours at room temperature using a
Branson Ultrasonic model 250 sonifier with an output of 40 mW. All organoclay products
were washed free of bromide anions as determined by the use of the AgNOs, dried at room
temperature, and dried further in an oven (at 65 °C) for 12 hours. The dried organoclays were

ground in an agate mortar, and stored in a vacuum desiccators for a week.

Adsorption of p-nitrophenol on the organoclays

0.2 g of the prepared organoclay products were combined with 30 mL of p-nitrophenol
solution (4000 mg/L for the adsorption) in 50 mL centrifuged tube with plastic caps. The
tubes were shaken for 6 hours at 190 rpm on a shaker at the room temperature. The initial pH
of p-nitrophenol is 6.0. After shaking, the mixture was centrifuged at 3500 rpm for 20
minutes. After the centrifugation, the p-nitrophenol concentration in the aqueous phase was

determined by a UV-Vis spectrophotometer at 317 nm with a detection limit of 0.05 mg/L.

The p-nitrophenol uptake on montmorillonite and/or organoclays was calculated by the
following equation: Q = (C, — Ce) -V / m, Q is the uptake of p-nitrophenol, C, is the initial
concentration, C. is the equilibrium concentration, V is the volume of p-nitrophenol solution
and m is the mass of the adsorbent. The losses of the p-nitrophenol by both photochemical
decomposition and volatilisation were found to be negligible during adsorption [9]. The
obtained montmorillonite and organoclays adsorbed with p-nitorphenol were labelled as
montmorillonite-4000, 0.25 CEC-4000. 0.5 CEC-4000, 1.0 CEC-4000, 1.5 CEC-4000 and
2.0 CEC-4000.

Characterisation methods
X-ray diffraction (XRD)

The pure montmorillonite and synthesised organoclays were pressed in stainless and

samples holders. Powdered X-ray diffraction (XRD) patterns were recorded using CuKa

4
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radiation (A = 1.54A) on a Philips PAN analytical X’pert PRO diffractometer operating at 40
kV and 40 mA with 0.25° divergence slit, 0.25° anti-scatter between 5 and 15° (20) at a step
size of 0.0167°. For XRD at low angle section, it was between 1.5 and 8° (20) at a step size of
0.0167° with variable divergence slit and 0.125° anti-scatter. In addition, the organoclays

adsorbed p-nitrophenol was applied as the same method prior to powder XRD analysis.

Transmission electron microscopy (TEM)

A JEOL 1010/2100 transmission electron microscopy was used to investigate
microstructure of organoclays. All samples were ultrasonically dispersed in absolute ethanol
solution and a small drops of suspension dissolved in ethanol solution was prepared on

carbon-coated films and dried in an oven at 60 °C for 20 mins for TEM studies.

Brunauer, Emmett, and Teller (BET)

With a Micromeritics Tristar 3000 automated gas adsorption surface area analyses based
upon N, adsorption/desorption were carried out. From the measurement, pore structure
parameters were characterised at liquid nitrogen temperature. Before the measurement, the
samples were pre-heated at 90 °C under the flow of N, on a Micrometrics Flowprep 060

degasser.

X-ray photoelectron spectroscopy (XPS)

The X-ray photoelectron spectroscopy (XPS) was applied using a Kratos AXIS Ultra with
a monochromatic Al X-ray source at 225W. A small amount of each fine powdered sample
was applied to the double sided adhesive tape on a standard Kratos Axis sample bar. This was
attached to the sample rod of the Load Lock system for initial evacuation to 10 Torr. The
sample bar was then transferred to the UHV sample analysis chamber (SAC) for collection of
X-ray photoemission spectra. A survey scan was run for each analysis from 0 to 1200eV with
a dwell time of 100 ms, pass energy of 160 eV at step of 1 eV with one sweep. In addition, a

high resolution analysis was undertaken at 40 eV at steps of 50 meV. The obtained spectra
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were analysed using Casa XPS version 2.3.14 software, which enabled the baseline (Shirley

baseline applied) and various data handling procedures.

Thermogravimetric analysis (TGA)

Thermogravimetric analysis of the pure montmorillonite and synthesised organoclays were
obtained by using TA instruments Inc. Q500 high-resolution TGA operating at ramp
5 °C/min with resolution 6.0 °C from room temperature to 1000 °C in a high purity flowing
nitrogen atmosphere (40 cm’/min). Approximately 40 ~ 60 mg of finely dried ground sample

were heated in an open platinum crucible.

Fourier transform infrared spectroscopy (FT-IR)

Fourier transform infrared spectroscopy (FT-IR) was applied in this work, and the spectra
were obtained using a Nicolet Nexus 870 FT-IR spectrometer with a smart endurance single
bounce diamond ATR cell. Sixty four scans were collected for each measurement over the
spectral range of 550 ~ 4000 cm™'. Spectral manipulation such as baseline adjustment,
smoothing, and normalisation were performed by using the GRAMS software package
(Galactic Industries Corporation, Salem, NH, USA). Band component analysis was
undertaken using the Jandel ‘Peakfit” software package, which enables the type of fitting
function to be selected and allows specific parameters to be fixed or varied accordingly. Band
fitting was performed using a Lorentzian-Gaussian cross-product function with the minimum
number of component bands used for the fitting process. The peak fitting was produced

squared correlation (R? greater than 0.991.

Results and Discussion
X-ray diffraction (XRD)

X-ray diffraction (XRD) is one of the most useful techniques to probe the structural
geometry and texture of organoclays. The basal spacing information of organoclays obtained
from XRD provides the intercalation and molecular structure configuration of the organic

surfactant into the clay layers. The XRD patterns of montmorillonite, and organoclays
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180  prepared at different surfactant loadings with and without adsorbed p-nitrophenol are
181  presented in Figures 1 and 2. The increasing basal spacing of untreated montmorillonite and

182  organoclays is clearly seen Figures 3 and 4.
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The sodium exchanged montmorillonite has a d-spacing of 1.25 nm, which was expanded to
1.52 nm upon adsorption of p-nitrophenol. This expansion indicated that p-nitrophenol is
adsorbed between the clay layers. For an ion exchanged of 0.25 CEC surfactant concentration
level, a basal spacing of 1.42 nm is observed, and the value of 1.43 nm is observed upon the
adsorption of p-nitrophenol. The basal spacing of 1.43 nm is observed at the 0.5 CEC-
TDTMA and the expansion remains at 1.43 nm after adsorption of p-nitrophenol on the 0.5
CEC organoclay. Upon increasing the surfactant loading to 1.0 CEC surfactant concentration,
two d(001) spacings (1.78 nm and 2.06 nm) are observed, and there are two spacings at 1.52
and 3.10 nm observed upon adsorption of p-nitrophenol. At 1.5 CEC surfactant concentration
level, the organoclays also have the double overlapping expansion peaks at 1.80 and 2.19 nm,
which have a slightly more intense peak than that of organoclays at 1.0 CEC surfactant
concentration level. Upon adsorption of p-nitrophenol, the d spacing changed to 1.60 and
3.22 nm, respectively. The basal spacings at 2.0 CEC resulted in basal spacings of 1.83 and
2.14 nm. Where upon adsorption of p-nitrophenol, spacings of 1.57 and 3.09 nm are observed.
Depending on the concentration of surfactant (TDTMA), the expansion of the layers in each
step occurred. Based on the result, the configuration of the structure of the molecules between

clay unit layers is suggested.

In 0.25 CEC-TDTMA and 0.5 CEC-TDTMA, the d values are 1.42 and 1.43 nm,
respectively, and this implies monolayer arrangement in the interlayer space of
montmorillonite. From 1.0 CEC-TDTMA to 2.0 CEC-TDTMA, the two basal spacings at
1.78 nm (with a shoulder of 2.06 nm), 1.80 nm (with a shoulder of 2.19 nm) and 1.83 nm
(with a shoulder of 2.14 nm) indicate the two arrangement of the TDTMA surfactant
molecule within the clay mineral layers; the first basal spacing of 1.78 nm, 1.80 nm, and 1.83
nm is attributed to the arrangement of the surfactant molecule within the clay layers either
flat or perpendicular to the clay siloxane surface, while 2.06 nm, 2.19 nm, and 2.14 nm basal
spacings are ascribed to the surfactant molecules at right angles to the clay mineral surface.
Hence, at the higher CEC values from 1.0 to 2.0 CEC, both lateral bilayer and pseudo-
trimolecular layer structures of surfactant are observed. Upon adsorption of p-nitrophenol on
the organoclay the basal spacing for untreated montmorillonite was a slight expansion of the
clay layers from 1.25 nm to 1.52 nm, while 0.25 CEC-4000 and 0.5 CEC-4000 organoclays
both have spacing of 1.43 nm. This unchanged value may suggest that p-nitrophenol has
penetrated and bonded to the surfactant molecules in the clay layers. However, for the 1.0

CEC-4000 organoclays, there are two distinct basal spacings at 1.52 and 3.10 nm. The first
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spacing of 1.52 nm is assigned to the organoclay with minimal p-nitrophenol adsorption,

while the expansion of 3.10 nm is assigned to surfactant molecules with adsorbed p-

nitrophenol between clay layers. Similar values of basal spacings are also observed upon

reaching the 1.5 CEC-4000. By comparison with the previous studies by Xi et al.,[10] and

Liu et al.,[11] similar configuration changes were obtained. As the surfactant concentration

increased, the configuration structure changes from a lateral monolayer to lateral

bilayer/pseudo-trimolecular layer structure were formed. However, the paraffin layer

arrangement was not observed at the higher surfactant concentration in this study, and this

may be due to the different molecular sizes of the surfactants. In addition, this result may be

affected by the differences in the measurements and in the control humidity.
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Transmission electron microscopy (TEM)

A selection of TEM images of 0.5 CEC-TDTMA, 2.0 CEC-TDTMA, 0.5 CEC-4000, and
2.0 CEC-4000 organoclays are present in Figure 5. The images of 0.5 CEC-TDTMA shows
that the spacing of 1.44 nm, which is in good agreement with the value of 1.43 nm obtained
from XPD data. The 0.5 CEC-4000 shows that the spacing of 1.48 nm, which is slightly
bigger than the spacing of 1.44 nm measured by XRD. There are multiple interlayer spacings
are found at 2.20, 2.15, 1.85, 1.80 nm for 2.0 CEC-TDTMA. In comparison with the value of
2.14 and 1.83nm obtained from XRD, there are similar spacings obtained. In addition, upon
the adsorption of p-nitrophenol, 2.0 CEC-4000 has also several spacings at 1.32, 1.50, 1.52,
1.78, and 3.02 nm. The observed 3.02 and 1.52 nm are well matched with that of XRD values.
Compared to TEM, where various basal spacings were observed, only average were shown
by XRD. From the results of the TEM technique, it is proposed that layers are not only linear
but also curved or bent. Due to the ununiformed structure, several different interlayer

spacings within organoclays are observed.

10
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Figure 5. TEM images of 0.5 CEC-TDTMA, 2.0 CEC-TDTMA, 0.5 CEC-4000, and 2.0
CEC-4000
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Surface area measurement

The BET method, the N, adsorption-desorption measurements of the clay and organoclays,
was used to study the porosity and textual properties at liquid N, temperature. The results are
shown in Figure 6. The Figure indicates that N, adsorption isotherms of clay and organoclays
exhibit a Type II sorption behaviour in the classification of Brunauer, Deming, Deming and
Teller (BDDT) [12]. It is clearly seen that the same form of isotherms and hysteresis loop are
seen in both montmorillonite and organoclays. The large uptake of nitrogen is observed close
to the saturation pressure, and this apparent step in adsorption branch with a sharp decline in
the desorption branch implies the presence of mesoporosity [13-15]. This is in agreement
with the pore diameter calculated from the Barrett-Joyner-Halenda (BJH) desorption isotherm
as shown in Table 1. As shown in Figure 6, the adsorption of N, of montmorillonite is much
higher than that of the other organoclays. This indicates that montmorillonite possesses a
higher specific surface area. It is known that the specific surface area (Sggt), pore volume
(V,), and pore size distribution can be calculated and the calculated parameters are

summarised in Table 1.
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Figure 6. Nitrogen adsorption-desorption isotherms of montmorillonite and organoclays
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Table 1 BET specific surface area (Sggr), pore volume (V,) and pore diameter for
montmorillonite and organoclays

Sample ID SBET, m> g'1 Vp,? cm’ g'l Mean D, nm
BET®, nm BJHS, nm
Montmorillonite 42.7074 0.089560 8.3644 7.6372
0.5 CEC-TDTMA 23.7631 0.086054 14.5296 7.2432
1.0 CEC-TDTMA 10.8419 0.065352 24.2003 8.2589
1.5 CEC-TDTMA 9.4323 0.060594 25.7665 8.6636
2.0 CEC-TDTMA 8.8507 0.059009 26.7219 8.7463

* BJH desorption cumulative pore volume of pores between 1.7 and 300 nm in diameter.
® Adsorption average pore diameter (4V/A by BET).
¢ Barrett-Joyner-Halenda (BJH) desorption average pore diameter (4V/A).

As shown in Table 1, the BET surface area of montmorillonite and organoclays decreases
in order: Montmorillonite>> 0.5 CEC-TDTMA > 1.0 CEC-TDTMA > 1.5 CEC-TDTMA >
2.0 CEC-TDTMA. Especially, the surface area drops dramatically from montmorillonite to
0.5 CEC-TDTMA. 1t is also found that the pore volume for organoclays decreases with an
increase of loaded surfactants and this will be further discussed using TGA results. The pore
size is also related to the loading of surfactant, and organoclays with high surfactant loadings
have an enlarge pore size than that with low surfactant loadings. As shown in Table 1, using
specific surface area and pore volume, there are two different groups made. The surfactant
loading concentration up to 0.5 CEC-TDTMA with 23.7631 m*/g and pore volume of
0.086054 cm’/g. The other group includes 1.0 CEC-TDTMA to 2.0 CEC-TDTMA with
similar surface area of 8.8507 ~ 10.8419 m?/g and the pore volume of 0.059 ~ 0.065 cm’/g.
The organoclays at higher concentrations (1.0 ~ 2.0 CEC TDTMA) have the lower BET
surface area and pore volume, whereas montmorillonite has a largest BET surface area and
pore volume. From the result, it is assumed that the pore volume and surface area are not a
key factor in terms of control the affinity between organoclays and organic pollutants[16].
Hence, the loaded surfactant is highly important to determine the sorption mechanism onto

organoclays.
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X-ray photoelectron spectroscopy (XPS)

X-ray photoelectron spectroscopy (XPS) is used to further determine the surface chemical
composition and chemical states of prepared materials. This technique has been widely
applied for the investigation of top few layers of material surface with partially filled valance
band. Figure 7 shows the XPS survey scans of montmorillonite, surfactant (TDTMA), and
representative organoclays (0.5 CEC-TDTMA and 2.0 CEC-TDTMA). The survey scan has
an obvious verification in the presence of sodium, silicon, aluminium, iron, and magnesium
in the montmorillonite. It has also indentified the presence of carbon, nitrogen, and bromine
in TDTMA. A minor amount of carbon in montmorillonite and oxygen in TDTMA is
observed as a result of adsorbed CO; [17]. The peaks of magnesium and iron (trace amount)
are seen in the scans of organoclays, whereas the sodium peak is disappeared. Both
magnesium and iron are located in the montmorillonite structure rather than in the interlayer.
The absence of sodium ions in the organoclays confirms the sodium ions are exchanged when
cationic surfactants are introduced in the interlayer. The prominent peaks of carbon and
silicon are recorded in the montmorillonite and organoclays, the ratio of C/Si has been found
and the ratio increased in the following order: 0.34 (montmorillonite) < 1.58 (0.5 CEC-
TDTMA) < 1.70 (1.0 CEC-TDTMA) < 1.82 (1.5 CEC-TDTMA) < 2.55 (2.0 CEC-TDTMA).
The intercalation of surfactant increases with an increased loading. Meanwhile, the Al/Si
ratio dropped from 0.42 (montmorillonite) to 0.35 (1.0 CEC-TDTMA) and further 0.34 (2.0
CEC-TDTMA). As the intercalation of surfactants increases in the interlayer, the distance
between Al-O(OH) octahedral sheets and two Si-O tetrahedral sheets in the structure of
montmorillonite is expanded, and hence, the detecting ratio of Al and Si is lower. This is

further investigated by the high-resolution XPS scans.
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Figure 7. XPS survey scan spectra of montmorillonite (a), surfactant (b), and organoclays (c

and d)

The high resolution XPS spectra of O 1s of montmorillonite and organoclays are compared

in Figure 8. It hardly distinguishes between O and OH in the montmorillonite. The intense

main peak with the binding energy of 529.42 eV corresponds to O(OH) in the

montmorillonite structure, while the other small peak at 531.17 eV is considered as oxygen in

H,0. The small trace of an oxygen peak is not observed in organoclays due to their

hydrophobic characteristics and the binding energy has decreased from 528.64 to 527.59 eV
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when the surfactant loading increased from 0.5 to 2.0 CEC. This reduced binding energy is

also observed in the high resolution Si 2p and Al 2p spectra (Figure 9). The decreased

binding energy of both O 1s and Si 2p shows the change of interlayer structure in organoclays.
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Figure 8. XPS high resolution spectra of O 1s for montmorillonite (a), organoclays (b, c)
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In the high-resolution XPS spectra, C 1s of organoclays is characterised by two transitions
at 281and 283 eV (Figure 10). The transition peak at about 281 eV is ascribed to the C-C
bond in the long chain of the surfactant, and the C-N bond has a binding energy of about 283
eV. Table 2 shows the results for curve fitted binding energy and their atomic contents (at. %)
of the highly resolved C 1s XPS spectra present in Figure 10. The binding energy for C-C
bond increases gradually as the surfactant loading increases from 0.25 to 2.0 CEC in
organoclays, while C 1s binding energy of C-N bonds remain similar. The result of C 1s
binding energy for C-C bond shows that the loading surfactant affects the C 1s binding
energy in organoclays. When the cationic surfactant is intercalated in the interlayer structure,
the nitrogen as a head group in the alkyl surfactant interacts with the negative clay due to the
electrostatic interaction. From the interaction between nitrogen head group and negative clay
surface, the binding energy for C-N remains similar and the binding energy is not changed
with an increase of the loading surfactant. However, the increasing binding energy for C-C
bond may be explained by the arrangement of surfactant in the interlayer. At the lower
concentration of the surfactant, the alkyl chains are parallel to the silica clay surface within
the interlayer (e.g. monolayer or bilayer). As a result of an increase amount of loading
surfactant, the arrangement of surfactant is at right angle to the clay mineral surface such as
pseudo-trilayer or paraffin structures, which can be described using XRD. The increased
packing density within the interlayer causes the increase of C-C binding energy in the alkyl

chain.

Table 2 Binding energy and their atomic contents of C 1s for organoclays

Cls(eV) 0.25 CEC 0.5 CEC 1.0 CEC 1.5 CEC 2.0 CEC

C-C bond | 281.28 (74.91) | 281.34 (72.83) | 281.33 (76.09) | 281.34 (77.55) | 281.38(84.31)
C-Nbond | 283.08 (25.09) | 283.09 (27.17) | 283.04 (23.91) | 283.08 (22.45) | 283.09 (15.69)
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Figure 10. XPS high resolution spectra of C 1s for organoclays (a, b, ¢)

Bromine peaks were observed from the scan of the organoclays. However, the highly well

resolved Br peaks are poorly obtained (not shown) and the content of bromine in organoclays

is limited. The result indicates that the preparation of organoclays, which are free of Br ions
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383  was successful and that the surfactant TDTMA" was highly exchanged with Na" within the
384 interlayer [18, 19].

385
386 Thermogravimetric analysis (TGA)

387 Thermal stability of organoclays and packing arrangement of organic cationic surfactant
388  within the organoclays at an elevated temperature were determined by TGA [4, 20, 21]. The
389 TG and DTG curves for montmorillonite and the organoclays with and without p-nitrophenol

390 are shown in Figures 11 and 12.
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Figure 11.Thermogravimetric analyses of montmorillonite, Surfactant (TDTMA) and

In Figure 11, there are several mass loss steps observed. The first two mass loss steps of
montmorillonite involve dehydration and/or dehydroxylation from room temperature and

before 110 °C. The two steps are attributed to the dehydration of adsorbed water, and water

organoclays

molecules around metal cations such as Na” or Ca®” in the exchangeable sites of

montmorillonite. The experimental mass loss peak during the second hydration and

hydroxylation of adsorption water appears only for untreated montmorillonite and 0.25 CEC-

TDTMA. The montmorillonite (Figure 11(a)) shows two thermal decomposition steps at both

483 and 611 °C, which were caused by the dehydroxylation of the montmorillonite. The

decomposition at a lower temperature 483 °C is assigned to the loss of OH units at the end of

clay layers, while the temperature at 611 °C is contributed by dehydroxylation of clay.
However, the thermal decomposition of montmorillonite with adsorbed p-nitrophenol is

differently shown. Figure 12(a) shows that the decomposition at 287 °C is occurred and this

may be assigned to the adsorbed p-nitrophenol on the montmorillonite. It is reported by Zhou

and colleagues that p-nitrophenol sublimes at 131 °C [22]. The reason for obtaining higher

Yoo (ol
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409  temperature than 131 °C may be chemical reactions between the adsorbed p-nitrophenol and

410  clay surface of montmorillonite.

00— ; 100.00 - 015
L 4 ‘ = 9000 { | 50 . =
J P . -220% O - — 3 642% E_,
. — | 3 J 282°C e o
80.00 | | i 3t 08 2 5000 1 | i P
7000 4| 892°C = 70.00 3o : 5
s i 8 | N £
g 000 | 1006 S 60.00 - fi 0.09 2
& 108°C i g H | | g
= 50.00 NS 2 S so00 | | i I &
2 1 P z \ | (| z
Z w0001 |l diise oos B 2 4000 | | 10063
= /A " = - \ (| =
30,00 | T 2 30.00 | [\ | v
. N 5 \ [ s77°C £
20,00 - | \ L002 E 20.00 i \ i 7 0.03 F
\ 287°C / \ S 284°C z
10,00 - ] / . = 10.00 . i
000 = —— 7Y A ——————— 0.0
0 100 200 300 400 500 600 700 SO0 900 0 100 200 300 400 SO0 600 700 SO0 900
Temperature/*C Temperature/*C
(a) Montmorillonite-4000 (b) 0.25 CEC-4000
100.00 e 31 % —1.86% 0.35
- 55,00 [T 2 fr20% | ~
%& ) J UL o 1106 0.30 %&
= 8000 1 | 97°C e ; | =
= H H | A i =
z 70.00 I ' {1 3s0de _I i _ra%y 035 2
£ E £ o gt T —— 1 E
% i -§ E 00+ P ] [ 498°C s 0.20 -§
= 504 s bep 1 a = s000 4 0 amec| | 365°C ’ &8
2 L i i | 2 r |1 | i
ERRTR S A L 006 & E o000 i il A o1s 2
= F\ ! aT16C = = AV M\ =
30 - i196°C | | o~ 2 3000 1 | : ! ( 010 ¥
20 - ~\ feiy b 7 L 0.03 :: 2000 4 || 92°¢ | | ::
= i i . + 005
20 B 000 4 ) R &
b—— = - . 2 = 0 i eSS ——l .00
0 100 200 300 400 500 600 700 SO0 90D 0 100 200 300 400 500 600 700 SO0 900
Temperature/*C Temperature/*C
(c) 0.5 CEC-4000
100 O, 035 100 - - 040
=, i 16.21% | :
i 2631 - ol -
[ {2 13.07% 030 Y {0350
80 193°C; o | = 80 - =
! (BonadS 5 L0303
2] ||=31"('\ s _L‘l_nn.l % 229%l g5 3 a4 Fgtel H
T P | wee rt——— —e— | = & 2257 Z
< 604 H | o i g 5; 60 - 025
‘% i | 489°C | 721°C | + 020 F H T
S 504l e 2 = 504 tozd
2 i AL 369°C 015 2 £ H
ZE 40 4 il ' i = 404 5.5
= Y 2 = 015 2
30 4 | i | ) P 30 FA T @
i | | 0.10 & | / A } ~010 =
20 oot \ £\ = 20 ] fazect | V. B F X =
s2¢ | ;o\ - i e o\
w0 1 | \L - 532°C + 005 2 w0 b ] i)\ s36°C 0.05 &
Y — AN o= S i
0+ — ™ T T ————— [N} 0+ v v v v v = ———— == L)
0 100 200 300 400 500 600 700 800 90D 0 100 200 300 400 500 600 700 80D 900
Temperature/*C Temperature/*C
(e) 1.5 CEC-4000 () 2.0 CEC-4000
413 Figure 12. Thermogravimetric analyses of montmorillonite and organoclays adsorbed p-
414 nitrophenol

416 One small dehydration peak for 0.25 CEC-TDTMA and 0.5 CEC -TDTMA is observed at
417 373 and 369 °C, respectively. Meanwhile, there are three peaks centred at 189/255/370 °C for
418 1.0 CEC-TDTMA, 184/253/370 °C for 1.5 CEC-TDTMA, and 183/246/371 °C for 2.0 CEC-
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TDTMA. The third step is considered as the loss of surfactant by comparing the peak of pure
surfactant, which decomposes at 194 °C, with that of untreated montmorillonite. From the
results, it is proposed that the number of peaks in the third step is affected by the loading of
the surfactant. When the concentration of the organoclay is relatively low (e.g. 0.25 CEC and
0.5 CEC), there is a single peak observed (the peak position around 370 °C). The reason for
the single peak is that the organic cations exchange with Na" ions, which is mainly adhered to
the surface sites via electrostatic interactions [21]. With the increase of surfactant
concentration loading, some surfactant molecules tend to attach to the clay surface, which
results in the appearance of the second peak (the peak position around 250 °C). When the
surfactant loading has exceeded the CEC of the clay (1.0, 1.5, and 2.0 CEC), the surfactant
molecules strongly adhere to the clay surface by van der Waals forces, and this causes a new
peak to appear (at 183 ~ 185 °C). In addition, the intensity of the peaks increase with
increased surfactant loading. The effect causes the temperature of the decomposition
surfactant in the third step to increase. The second and third peaks for 1.0 CEC-TDTMA, 1.5
CEC-TDTMA, and 2.0 CEC-TDTMA compare closely to the pure surfactant peak at 194 °C,

and the temperature of the two peaks is gradually decreased.

The thermal decomposition peaks for organoclays with adsorbed p-nitrophenol are
observed in Figure 12. The two decomposition peaks of 0.25 CEC-4000 are observed at 254
and 374 °C. The formal is attributed to the adsorbed p-nitrophenol on organoclay, while the
later decomposition temperature is ascribed to the combustion of the surfactant. The thermal
decomposition of 0.5 CEC-4000 is very different from that of the organoclays. The main
difference is the presence of two peaks for the loss of adsorbed p-nitrophenol. Two thermal
decomposition steps at 196 and 271 °C are observed with mass losses of 2.66 and 0.84 % and
these may be formed from the result of the removal and desorption of p-nitrophenol in the
clay layers[22]. The mass loss at 367 °C of 9.87 % is the loss of the surfactant. When the
surfactant loading is increased above 0.5 CEC, three decomposition steps are observed for 1.0,
1.5, and 2.0 CEC adsorbed p-nitrophenol. The three decomposition temperatures are 174, 224,
and 368 °C for 1.0 CEC-4000, 173, 222, and 369 °C for 1.5 CEC-4000, and 174, 221, and
369 °C for 2.0 CEC-4000. The first two decomposition steps are assigned to the loss of
surfactant, and the later decomposition temperature is attributed to the loss of intercalated
surfactant molecules. The adsorbed p-nitrophenol peaks, which were found at 0.25 and 0.5
CEC, are not observed and this is assumed that the adsorbed p-nitrophenol is decomposed

simultaneously with the surfactant. During the desurfactant procedure, the experimental
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452  mass loss increases from 6.23 % (0.25 CEC-TDTMA) to 20.46 % (2.0 CEC-TDTMA), and

453 100 % for the pure surfactant. The last mass loss over the temperature from 611 to 584 °C is

454  ascribed to the loss of hydroxylation from the structural inner OH units of the

455  montmorillonite. The dehydroxylation temperature in the organoclays upon the adsorption of

456  p-nitrophenol is lower because of the chemical reaction between adsorbed p-nitrophenol and

457  siloxane clay surfaces. The chemical binding of the p-nitrophenol to the inner OH units

458  reduces the dehydroxylation temperature. The intensity of the peak decreases with increase in

459 the surfactant concentrations.

460  Table 3 TGA results of montmorillonite (MMT), surfactant (TTMAB), and organoclays with

461  and without adsorbed p-nitrophenol

Dehydration/ Dehydration/ Desurfactant Dehydroxylation
Sample hydroxylation dehydroxylation (OH unit)
% mass Temp. % mass Temp. % mass Temp. % mass Temp.
loss °O) loss (°C) loss °O) loss (°O)
(step 1) (step 2) (step 3) (step 4)
Montmorillonite 10.78 - 0.63 100 - - 5.80 | 483,611
0.25 CEC-TDTMA 7.81 - 1.34 108 6.23 373 3.96 588
0.5 CEC-TDTMA 6.00 - - - 10.44 369 4.11 596
1.0 CEC-TDTMA 3.67 - - - 18.66 189, 255, 3.75 587
370
1.5 CEC-TDTMA 4.23 - - - 19.72 184, 253, 3.63 586
370
2.0 CEC-TDTMA 4.25 - - - 20.46 183, 246, 3.50 584
371
TTMAB - - - - 100 194 - -
MMT-4000 13.52 - 2.29 108 5.36 611
0.25 CEC-4000 8.67 - - - 0.59%,6.42 254° 374 2.91 577
0.5 CEC-4000 5.28 - - - 13.37 | 196", 271°, | 2.89 562
367
1.0 CEC-4000 2.77 - - - 29.70° (174, 224, 2.42 534
368)¢
1.5 CEC-4000 2.39 - - - 29.32°¢ (173, 222, 2.29 532
369)¢
2.0 CEC-4000 2.36 - - - 29.31°¢ (174, 221, 2.67 536
369)
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* Mass loss of adsorbed p-nitrophenol
® Thermal decomposition of adsorbed p-nitrophenol
“Mass loss of adsorbed p-nitrophenol and surfactant

4 Thermal decomposition of adsorbed p-nitrophenol and surfactant

It is summarised that four steps are discernible from DTG figure (Figures 11 and 12, and
Table 3). The first two steps involve the dehydration and/or dehydroxylation of adsorbed
water and water adsorbed by the metal cations. The decomposition of the surfactant at the
temperature between 184 and 373 °C is observed in the third step. Upon the adsorption of p-
nitrophenol, the decomposition of adsorbed p-nitrophenol is determined and the organoclays
above 0.5 CEC, p-nitrophenol is decomposed simultaneously with the surfactant. In the last
step, the dehydroxylation of OH structural units in the clay is observed at the temperature
from 611 to 584 °C. It is noted that the temperatures for the loss of p-nitrophenol are
relatively greater than that for the pure p-nitrophenol, and this indicates the p-nitrophenol
molecules are strongly bonded to the organoclay, which leads to lower dehydroxylation

temperature.

Fourier transform Infrared spectroscopy (FT-IR)

Infrared spectroscopy is an essential method to probe the molecular environment of the
intercalated surfactant for the organoclays [23]. From the observed infrared spectra, there are
several distinct regions: OH stretching region (3700 ~ 3000 cm™), CH stretching region
(2900 ~ 2800 cm™"), HOH bending vibration region (1700 ~ 1600 cm™) and HCH bending
vibration region (1520 ~ 1400 cm™).

(1)  OH stretching region
As shown in Figure 13, the infrared spectrum of montmorillonite and organoclays

(a) and with adsorbed p-nitrophenol (b) in the OH stretching region is characterised
by two bands at 3700 ~ 3000 cm’.
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493 Figure 13. Infrared spectroscopy of montmorillonite and organoclays with and without p-
494 nitrophenol in 3900 ~ 3000 cm™ spectral range
495
496 A sharp and intense peak at 3631cm™ for montmorillonite is assigned to OH
497 stretching vibrations of the structural hydroxyl group, while the broad bands at 3402,
498 3330, and 3230 cm™" are ascribed to other water hydrogen bonded to water
499 molecules adsorbed within the interlayer of the clay (see Figure 13a). The infrared
500 spectrum of montmorillonite with adsorbed p-nitrophenol shows peaks in similar
501 position to that of non-reacted montmorillonite (see Figure 13b). The bands at 3421,
502 3347, and 3243cm™ for montmorilllonite-4000 shows an increased intensity than
503 that of montmorillonite. However, the bands for water hydrogen bonded to other
504 water molecules no longer existed when the surfactant loading has exceeded the
505 CEC of'the clay. This is in great agreement with the study by Zhou et. al. There is a
506 hydrogen bond between p-nitrophenol with water for untreated montmorillonite and
507 organoclays at low CEC concentrations [6].
508
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The position of the sharp band corresponding to the OH vibrations of the structural
hydroxyl groups is relatively independent of the surfactant concentration. However,
the broad bands between 3500 ~ 3200 cm™ are strongly dependent on the surfactant
concentration loading. At low concentrations of surfactant, the infrared spectrum of
0.25 CEC-TDTMA showed the broad adsorption band near 3382 cm™ with
shoulders at 3578 and 3255 cm™'. The band shifted to lower wavenumber from 3382
to 3364 cm™ with an increase in the surfactant loading up to 1.0 CEC-S. The change
in wavenumber is related to the environment of water. In addition, additional bands
at 3672 and 3700 cm™ are observed above 1.0 CEC-TDTMA and this is suggested
that the water in the montmorillonite is gradually displaced with the surfactant
(TDTMA), and that the surfactant is adsorbed on other surfactant molecules, which

have already been adsorbed in the clay interlayer.

CH stretching region

The spectra of the CH stretching region for montmorillonite and organoclays at
different surfactant loadings and with p-nitrophenol are shown in Figure 14. No
bands attributable to the CH stretching vibrations were observed for montmorillonite
and montmorillonite-4000. However, infrared bands in the region between 2700 and
2900 cm™ are observed for organoclays modified with TDTMA, and these are
ascribed to the asymmetric v,5(CH») and symmetric v¢(CH3) stretching modes of the
surfactant. It is observed that the CH, asymmetric stretching modes slightly shifted
to lower wavenumbers upon intercalation of the surfactant molecules (from 2927 to
2925 cm™). The wavenumber of the symmetric CH, stretching modes is shifted to
2848 cm™ from 2853 cm™. From the spectra, the wavenumbers of the asymmetric
and symmetric CH stretching modes of amine chains in the region indicated the
conformational difference between organoclays intercalated with TDTMA at the
various CEC concentrations. Li and Ishida [24] reported that the chains are highly
ordered (all-trans conformation), the wavenumbers are decreased with in accordance
to the increase of ordered conformers within the clay interlayers. Similarly, the
asymmetric and symmetric CH stretching modes shifted to low wavenumbers for
organoclays adsorbed with p-nitrophenol. It is suggested that these two CH
stretching peaks are extremely sensitive to the conformational changes of the chain

within the interlayer, where the wavenumber decreases as the loading of the
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surfactant increase from 0.25 to 2.0 CEC. Similar results have been shown in some
previous studies [25, 26]. Thus the wavenumbers of the CH stretching bands are
highly sensitive to the conformational changes of the chain, which can be
qualitatively monitored by the wavenumber shifts. In addition, a significant
wavenumber shift indicates more gauche conformational molecules introduced into
alkyl chain with the decrease of alkyl chain length. The conformation of adsorbed
long alkyl chain surfactants progressively forms a solid like molecular environment
(with high packing density and ordering), and this increase in surfactant packing
density can lead to the expansion of clay mineral interlayer spaces, which can be

characterised by XRD.
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Figure 14. Infrared spectroscopy of montmorillonite and organoclays with and without p-
nitrophenol in the 3000 ~ 2800 cm™ spectral range
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(ii1)) HOH and HCH bending vibrations

Figure 15a presents the changes in the adsorption bands related to the HOH bending

vibrations of the water molecules adsorbed on montmorillonite and organoclays.
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Figure 15. Infrared spectroscopy of montmorillonite and organoclays with and without p-
nitrophenol in the 1720 ~ 1560 cm™ spectral range

The positions at these bands for montmorillonite are at 1631 cm™ with a shoulder at
1654 cm. It is apparent from Figure that the wavenumber of the water bending
peaks shifted significantly to higher wavenumbers from 1630 cm™ with the increase
in surfactant concentration. However, the intensity of this adsorption band decreased,
and this can be attributed to the amount of hydrogen bonded water molecules at the
high surfactant concentration level (for example, 2.0 CEC-TDTMA) is less than that
at lower surfactant concentrations (for example, 0.25 CEC-TDTMA).
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The IR spectra of montmorillonite and organoclays with adsorbed p-nitrophenol are
shown in Figure 15b. The HOH bending modes for montmorilonite-4000 are
observed at 1627 cm™ with a shoulder of 1653 cm™. An additional small peak at
1594 cm™ appears, and this is assigned to adsorbed p-nitrophenol compared to the
spectra of non-reacted montmorillonite. From the literature[6], the peak at 1599 cm™
is ascribe to C=C aromatic stretching vibration, and the OH deformation modes of p-
nitrophenol is present at 1623 cm™ . The wavenumber of OH bending peaks of
organoclays with adsorbed p-nitrophenol are gradually shifted from 1627 cm™ to
1613 cm™ with an increase of loading surfactant. The intensity of the water bending
modes is gradually decreased with the increase of surfactant loading, whereas the
intensity of p-nitrophenol at 1594 cm™ is significantly increased. It is proposed that
p-nitrophenol is highly reacted with clay surface in the organoclays, and that as a
result of the intercalation of the surfactant, the surface property of montmorillonite is

modified from hydrophilic to hydrophobic.
Major peaks in the region between 1360 and 1560 cm™ appeared to be due to the

methylene scissoring modes and the HCH deformation region of the TDTMA

intercalated montmorillonite as shown in Figure 16a.
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Figure 16. Infrared spectroscopy of montmorillonite and organoclays without p-nitrophenol
in the 1560 ~ 1360 cm™ spectral range

The bands in this region for montmorillonite are found at 1506, 1480, 1451, and
1420 cm’™. However, the band at 1506 and 1420 cm’! are not observed in the
surfactant intercalated with montmorillonite. At low CEC surfactant concentration
(0.25 CEC-TDTMA), two small peaks at 1487 and 1475 cm™ appeared and the
intensity of these peaks increases with increase in the surfactant loading. The IR
spectra of montmorillonite and organoclays with adsorbed p-nitrophenol are shown
in Figure 16b. The peak at 1515 cm™ in montmorillonite is drawn by the adsorbed p-
nitroophenol as antisymmetric NO, stretching vibrations (at 1523 cm™). The
wavenumber from 1523cm™ to 1515 cm™ provides again a strong evidence for the
reaction between p-nitrophenol with the montmorillonite clay surfaces. The intensity
of peaks at 1498, 1488, 1475, and 1461 cm’! increases with increase in the surfactant

loading.
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Adsorption of p-nitrophenol on organoclays

The prepared montmorillonite and organoclays are used for the adsorption study of p-
nitrophenol in water, and the results are given in Figure 17. The adsorbed amounts of p-
nitrophenol onto montmorillonite and organoclays increase in order: montmorillonite < 0.25
CEC-TDTMA<0.5 CEC-TDTMA<1.0 CEC-TDTMA<1.5 CEC-TDTMA<2.0 CEC-TDTMA.
The amount of adsorbed p-nitrophenol on organoclays is larger than that on montmorillonite.
It is also found that the addition of surfactants is in organoclays would increase the amount of
adsorbed p-nitrophenol on organoclays. Therefore, the amount of loaded surfactant is

important factor to determine the adsorbed amount of p-nitrophenol onto organoclays.

Adsorbed amount (mg/g)

0.00 0.25 0.50 0.75 1.00 125 1.50 1.75 2.00
Cation exchange capacity (CEC)

Figure 17. Uptake of p-nitrophenol on montmorillonite and organoclays

From the characterisation studies of montmorillonite and organoclays, the mechanisms of
adsorbed p-nitrophenol are suggested. Montmorillonite has mainly electrostatic attraction
between p-nitrophenol and hydrated cations in interlayer space of the clay and therefore, the
larger d-spacing is observed in XRD pattern [27]. As the loaded surfactant molecules in the
interlayer space of clay, the surface properties for organoclays convert from hydrophilic to
hydrophobic and the intercalated surfactant molecules are also sorbed outside the clay layer.
From the study of BET, there are two groups of organoclays observed. For organoclays
prepared at relatively low surfactant loadings (0.25 and 0.5 CEC), surfactant molecules are

preferred to intercalated in the interlayer space of clays, hence, p-nitrophenol molecules have
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653  adsorbed in the interlayer space of organoclays and the organoclays intercalated with

654  surfactant molecules are an excellent medium for partition of p-nitrophenol [28]. However,
655  organoclays prepared at surfactant loadings exceed 1.0 CEC, surfactant molecules are highly
656 intercalated in the clay interlayer space as well as interparticle pores, which lead to decreased
657  surface area and pore volume. Hence, the clay layers are almost completely enclosed, and the
658  pores are enlarged by the loaded surfactant molecules. The p-nitrophenol molecules can be
659  captured not only within the clay layer space but also in the enlarged pores. The organoclay
660  as a partition medium has strong affinity on p-nitrophenol molecules [29] and its efficiency

661  is shown in the adsorption curves in Figure 17.

662 Accordingly, the sorption efficiency of the corresponding organoclays is higher than

663  montmorillonite. Based on the distribution and arrangement of surfactant in organoclays, the
664  mechanism is suggested as: the sorption mechanism of organic molecules at the organoclays
665 (1.0 CEC ~ 2.0 CEC) is controlled by partition, whereas the organoclays prepared at lower
666  surfactant loadings are mainly adsorption [7, 30-32].

667
668  Conclusions

669 Organoclays were prepared using montmorillonite and tetradecyltrimethylammonium

670  bromide (TDTMA) as an example of a surfactant with a long alkyl chain. The prepared

671  organoclays were characterised by modern physical techniques. Based on the basal spacing
672  from the XRD pattern, information of the molecular arrangement within the clay interlayer
673  space has been obtained as a function of the surfactant concentration. The configurations of
674  the surfactant within the organoclays take a lateral monolayer arrangement at lower surfactant
675  concentration (0.25 and 0.5 CEC). At higher surfactant concentrations (1.0 ~ 2.0 CEC), both
676  configurations of the surfactant (a lateral bilayer and pseudotrimolecular layer structures)
677  were observed. Moreover, the XRD pattern of organoclays adsorbed p-nitrophenol indicated
678  the intercalation of p-nitrophenol within organoclays, and the expanded interlayer spacing of
679  organoclays were measured and identified using TEM. Using BET method, it is found that
680 the surface area is inversely related to the pore volume for organoclays. As the loading of the
681  surfactant increase in organoclays, the pore size becomes smaller with an increase of surface
682  area. Hence, it is concluded that the pore parameters are significantly related to the

683  distribution and arrangement of surfactant intercalated into the clay surface. The loaded

684  surfactant in the interlayer space were further analysed by TGA. Throughout the XPS study,
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the chemical composition of montmorillonite and organoclays were analysed and the binding
energy of C-C is relatively sensitive to determine the structural changes in organoclays. In
infrared spectra, the CH stretching region was extremely sensitive to conformation changes
of the chain within the interlayer and a significant wavenumber shift indicates that more
gauche conformational molecules introduced into alkyl chain with the decrease of alkyl chain
length. From the results, the structural properties of organoclays intercalated with surfactant
were changed from hydrophilic to hydrophobic, and the adsorbed p-nitrophenol intercalates
the organoclay and displaces the surfactant molecules or rearranges the structure of surfactant
molecules within the organoclay interlayer. In addition, the different sorption mechanisms
involving adsorption and/or partition may affect the sorption of p-nitrophenol onto
organoclays. This type of organoclays will potentially be used as good adsorbents for
recalcitrant organic molecules in the industry and this organoclay will be applied to test in
adsorbing efficiency from p-nitrophenol and further removal of herbicides and pesticides

from contaminated samples.
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