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Water pollution from industrial waste, particularly dye contaminants such as methyl

green, is a major problem. One promising approach involves using kaolin clay and its

composite with palmitic acid. The materials were characterized using X-ray diffraction,

scanning electron microscopy, and Fourier-transform infrared spectroscopy. The

adsorption efficiencies of kaolin clay and its compounds for methyl green were 86% and

97%, respectively, indicating that the modification improved the adsorption performance

of the clay.
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Introduction

For a long time, environmental pollution has
threatened and affected life at different levels, including
humans. The increase in population growth during
the period 2000–2020 requires development in life
standards in various fields, which in turn leads to an
increase in the use of chemicals, especially dyes, in
the industrial sector. As a result, its impact on the
aquatic environment has increased, making it an
existing problem that requires solutions [1,2]. Three
groups (physical, chemical, and biological) of methods
are used for treating dyes from their aqueous solutions
[3].

One of these methods is the adsorption technique,
which was proposed by German physicist Heinrich
Kayser years ago (1881), and has contributed
significantly to environmental adsorption studies
through the removal of pollutants from the aqueous
phase. It is preferred over other methods for the ease
of its design, effectiveness, and low cost [4,5]. Each
adsorbent has its own characteristics, such as porosity,

pore structure, surface area, and structural specificity
[6].

Among the adsorbent surfaces are clays, especially
kaolin clay, which is considered to have a lower
adsorption efficiency than similar ones, such as
bentonite and activated charcoal, so it has been
improved through various processes, such as
intercalation, columns, thermal activation, and acid
or basic activation [7]. We will present a number of
studies in this field, where a specific study dealt with
the adsorption of cationic dyes from their aqueous
solutions by raw kaolin clay and activated kaolin clay
with different concentrations of sulfuric acid. The
experimental data were analyzed using kinetic methods
to track the pseudo-second-order kinetic model, and
the isotherm followed the Langmuir model for both
dyes. The activation process led to an increase in the
adsorption efficiency of both dyes [8].

Another study dealt with removing Direct Brown
1 (DB 11) dye from wastewater using raw kaolin clay
and comparing it with kaolin clay modified with an
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organic compound (hexadecyltrimethylammonium
bromide, HDTMA). The modified surfaces were
characterized by different techniques, such as X-ray
diffraction (XRD) and Fourier-transform infrared
spectroscopy (FT-IR). The effect of a number of
factors on the adsorption process was studied, and the
optimal conditions for the process were determined
using batch technology. This resulted in the modified
clay being several times more efficient than the crude
clay under these conditions [9]. The aim of this study
is to improve the efficiency of kaolin clay in the
adsorption of cationic dye through its modification
with an organic compound.

Materials and methods

Kaolin clay preparation (kao)
Kaolin clay consists of pure white blocks prepared

from the Akashat area in the Western Desert by the
General Company for Geological Survey and Mining,
Baghdad, Iraq. The samples were collected and
separated from stones and other heavy particles, then
ground, washed, dried, crushed, and sieved through a
200-mesh sieve to obtain a certain volume of raw
kaolin clay (kao) particles. The clay powder was washed
seven times with a sufficient quantity of distilled water
to remove exotic substances soluble in water and then
dried in an oven (Daihan Labtech Oven LDO-060E)
at a temperature of 800C for about 72 hours.

Kaolin clay modification (kao/P)
Kaolin clay modification (kao/P) was carried

out by adding a certain amount of kaolin clay to a
0.05 M solution of sodium hydroxide (CDH) in a
100 ml reaction flask with continuous stirring
(Hotplate, Daihan Labtech Co., LTD, Stirrer) for 1
hour at a certain temperature. The mixture was then
transferred to an ultrasonic device (Ultrasonic Cleaner
POWER SONIC-0405S) with the gradual addition
of a certain amount of palmitic acid,
CH3(CH2)14COOH (Fluka), for 1 hour at 300C, and
then filtered, washed, and dried in an oven (Daihan
Labtech Oven LDO-060E) for 10 hours at 1000C to
obtain the modified kaolin clay (kao/P).

Adsorbate and adsorption experiment
Methyl green (MG) is a cationic dye and belongs

to the triphenylmethane family of pigments. Its
molecular weight is M.wt.=458.47 g⋅mol–1, and the
formula of MG dye is C26H33Cl2N3 (Fig. 1).

Batch adsorption experiments were conducted
in the following way. A known dose of slurry was
introduced into 10 ml of colored water at certain MG
concentrations. The solution was placed in a constant
agitation shaker (Shaking Water Bath, Labtech) at a
fixed speed of 120 rpm for time intervals of
1–180 min. Samples were centrifuged at 6000 rpm
using a Hettich EBA-20 centrifuge. The residual
concentration of MG dye was analyzed using a

UV-vis spectrophotometer (Shimadzu 1800, Japan),
and the remaining MG dye concentrations were
measured at λmax=632 nm. The amount of MG dye
adsorbed was determined by the following equation
[10]:
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where qe is the adsorption capacity at equilibrium
(mg/g); Ci and Cf (mg/L) are the initial and final
concentrations, respectively; V (L) is the solution
volume; and M (g) is the amount of kao or kao/P
used.

The dye removal ratio was calculated using the
following equation [11]:
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Results and discussion

Characterization of the kaolinite clay surfaces
(kao, kao/P)

XRD characterization
Kaolin clay surfaces were characterized before

and after modification (kao, kao/P) using
X-ray diffraction (XRD) in the 2θ range of 10–800

(Figs. 2 and 3). It was shown that the palmitic acid
modification process led to relative changes in the
diffraction angles, intensities, and shapes of the peaks,
which indicates that the modification occurred without
deforming or breaking the clay’s composition or losing
its crystalline structure [8,12].

Fig. 1. Structure of the MG dye molecule
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FT-IR spectroscopy characterization (FT-IR)
Kaolin clay surfaces were characterized before

and after modification (kao and kao/P) through
FT-IR spectra in the range of 400–4000 cm–1, as
shown in Figs. 4 and 5. The strongest characteristic
bands of kao are recorded as follows. The bands in
the wavenumber region ≥3000 cm–1 correspond to
the hydroxyl groups at the ends of the clay platelets
on the surface of the octahedral layers that interact
with the oxygen atoms of the adjacent tetrahedral
layers, as well as the internal hydroxyl groups.
The bands at 910 cm–1 are due to stretching of
Al–OH groups. The bands within the range of
790–550 cm–1 correspond to the vibrations of
Si–O–Al groups. The bands within the range of
1500–1000 cm–1 correspond to the stretching of
Si–O–Si; all these bands are typical of the kaolinite
clay mineral. Figure 5 for the kao/P surface also

Fig. 2. XRD spectrum of the kao surface

Fig. 3. XRD spectrum of the kao/P surface

shows that the modification process led to a relative
displacement in the positions of all characteristic peaks
of the spectrum, except the bands at 2800 and
2900 cm–1, which are attributed to symmetric and
asymmetric stretching of C–H groups. This indicates
that the FT-IR results agree with the X-ray diffraction
results [13,14].

Scanning electron microscopy (SEM)
The surface morphology of these two adsorbents

(kao and kao/P) was observed by SEM analysis
(Figs. 6 and 7). These images show the crust shapes
of the kaolin clay surface with heterogeneous surfaces
of different sizes, with an approximate size of about
27 nm, while the images of the surface of the clay
modified with aluminum oxide show crust shapes
that are more homogeneous and larger, within about
72 nm. This confirms the occurrence of the
modification process (kao/P) [13,15].
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Adsorption efficiency
In order to show that the modification process

led to an improvement in the surface properties after
modification, the surface efficiency (kao and kao/P)
for the adsorption of methyl green dye was tested
under certain laboratory conditions. The amount of
adsorption is shown in Figs. 8 and 9, and the
adsorption percentage is shown in Figs. 10 and 11. It
can be noted that the surface efficiency after
modification (kao/P) increased to reach 97%, with
an adsorption amount of 16.2 mg/g at an initial
concentration of 50 mg/L, compared to the original
surface (kao), which showed an adsorption amount of

8.8 mg/g and an adsorption percentage of 86% at an
initial concentration of 30 mg/L. This may be due to
the increase in adsorption sites and the change in
surface morphology after modification with palmitic
acid [16,17].

The improvement in adsorption efficiency after
modification with palmitic acid can be attributed to
changes in the surface morphology and chemical
composition of the kaolin clay. The modification
increased the number of active adsorption sites and
enhanced the interaction between the cationic MG
dye molecules and the clay surface. The presence of
functional groups from palmitic acid likely contributed

Fig. 4. FT-IR spectrum of the kao surface

Fig. 5. FT-IR spectrum of the kao/P surface
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to stronger electrostatic and van der Waals interactions,
facilitating greater dye uptake. These results demonstrate
that surface modification effectively enhances the
adsorption capacity of kaolin clay by altering both its
structural and chemical properties.

Conclusions
Based on FT-IR, XRD, and SEM analyses, the

modification of kaolin clay with palmitic acid particles
(kao/P) effectively altered the surface morphology and
chemical composition of the clay. These changes
increased the number of active adsorption sites and
enhanced interactions between the cationic MG dye
molecules and the clay surface. As a result, the

Fig. 6. FESEM image of the kao surface Fig. 7. FESEM image of the kao/P surface

Fig. 8. Quantity of MG dye adsorption on the kao

adsorbent (0.03 g) at 298 K, 30 mg/L during different time

periods

Fig. 9. Quantity of MG dye adsorption on the kao/P

adsorbent (0.03 g) at 298 K, 50 mg/L during different time

periods

adsorption capacity of the modified clay increased
from 8.8 mg/g for raw kaolin clay to 16.2 mg/g for
kao/P at an initial dye concentration of 50 mg/L.
The findings indicate that surface modification with
palmitic acid significantly improves the adsorption
performance of kaolin clay and demonstrates its
potential as an efficient adsorbent for the removal of
cationic dyes from aqueous solutions.
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ÄÎÑË²ÄÆÅÍÍß ÀÄÑÎÐÁÖ²ÉÍÎ¯ ÇÄÀÒÍÎÑÒ²
ÊÀÎË²ÍÎÂÎ¯ ÃËÈÍÈ ÒÀ ¯¯ ÊÎÌÏÎÇÈÒÓ ÄËß
ÂÈÄÀËÅÍÍß ÁÀÐÂÍÈÊÀ ÌÅÒÈËÎÂÈÉ ÇÅËÅÍÈÉ
Ç ÂÎÄÍÎÃÎ ÑÅÐÅÄÎÂÈÙÀ

Ì.Ñ. Êàçåì, À.Ì. Àááàñ

Çàáðóäíåííÿ âîäè ïðîìèñëîâèìè â³äõîäàìè, çîêðå-
ìà áàðâíèêàìè, òàêèìè ÿê ìåòèëîâèé çåëåíèé, º
ñåðéîçíîþ ïðîáëåìîþ. Îäíèì ³ç ïåðñïåêòèâíèõ ï³äõîä³â
º âèêîðèñòàííÿ êàîë³íîâî¿ ãëèíè òà ¿¿ êîìïîçèòó ç ïàëü-
ì³òèíîâîþ êèñëîòîþ. Ìàòåð³àëè áóëè îõàðàêòåðèçîâàí³ çà
äîïîìîãîþ ðåíòãåí³âñüêî¿ äèôðàêö³¿, ñêàíóâàëüíî¿
åëåêòðîííî¿ ì³êðîñêîï³¿ òà ³íôðà÷åðâîíî¿ ñïåêòðîñêîï³¿ ç
Ôóð’º-ïåðåòâîðåííÿì. Àäñîðáö³éíà åôåêòèâí³ñòü êàîë³íî-
âî¿ ãëèíè òà ¿¿ êîìïîçèòó ùîäî ìåòèëîâîãî çåëåíîãî ñòà-
íîâèëà â³äïîâ³äíî 86% ³ 97%, ùî ñâ³ä÷èòü ïðî òå, ùî ìî-
äèô³êàö³ÿ ïîêðàùèëà àäñîðáö³éíó çäàòí³ñòü ãëèíè.

Êëþ÷îâ³ ñëîâà: àäñîðáö³ÿ; êàîë³í; ìåòèëîâèé çåëåíèé;
ïàëüì³òèíîâà êèñëîòà; ìîäèô³êîâàíà ãëèíà.
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