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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,

© M.S. Kazem, A.M. Abbas, 2026

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

This article is an open access article distributed under the terms and conditions of the Creative
Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).
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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 80°C 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,
CH;(CH,),,COOH (Fluka), for 1 hour at 30°C, and
then filtered, washed, and dried in an oven (Daihan
Labtech Oven LDO-060E) for 10 hours at 100°C 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~!, and the
formula of MG dye is C,4H;;CL,N, (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 A,,,,=632 nm. The amount of MG dye
adsorbed was determined by the following equation
[10]:

(¢, -C f)V
9o =—
M
where ¢, is the adsorption capacity at equilibrium
(mg/g); C; and C; (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]:
i “e

C.

1

Removal,% = -100%

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 26 range of 10—80°
(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-1R 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™, 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™' 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™' are due to stretching of
Al—OH groups. The bands within the range of
790—550 cm™' correspond to the vibrations of
Si—O—Al groups. The bands within the range of
1500—1000 cm™" correspond to the stretching of
Si—0—Si; all these bands are typical of the kaolinite
clay mineral. Figure 5 for the kao/P surface also

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™', 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
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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
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Fig. 8. Quantity of MG dye adsorption on the kao
adsorbent (0.03 g) at 298 K, 30 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.

Acknowledgements

The authors would like to acknowledge
the College of Education for Pure Science
(Ibn Al-Haitham), University of Baghdad.

D1=72.08 nm

SEM MAG: 135 kx
Det: SE
Date(m/dly): 02/22/22

WD: 5.72 mm
SEM HV: 15.0 kV

MIRA3 TESCAN|

I

200 nm

SUT - FESEM

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

18
16 o—b & + & -
14
12
L")
= 10
£
E 8
6
4
2
0
0 50 100 150 200

t{min)

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

M.S. Kazem, A.M. Abbas



ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2026, No. 1, pp. 22-29 27

REFERENCES

1. Progress on household drinking-water, sanitation and
hygiene: five years into the SDGs / World Health Organization
(WHO) and the United Nations Children’s Fund (UNICEF).
— Geneva: WHO, 2021.

2. Recent advances on the removal of dyes from wastewater
using various adsorbents: a critical review / Dutta S., Gupta B.,
Srivastava S.K., Gupta A.K. // Mater. Adv. — 2021. — Vol.2. —
P.4497-4531.

3. Recent advances in the treatment of dye-containing
wastewater from textile industries: overview and perspectives /
Samsami S., Mohamadizaniani M., Sarrafzadeh M.H.,
Rene E.R., Firoozbahr M. // Process. Saf. Environ. Prot. —
2020. — Vol.143. — P.138-163.

4. Abdullah M.A., Choudhary A. Removal of oil from
seawater using charcoal and rice hull // IOP Conf. Ser. Mater.
Sci. Eng. — 2017. — Vol.263. — Art. No. 032007.

5. Tan K L., Hameed B.H. Insight into the adsorption
kinetics models for the removal of contaminants from aqueous
solutions // J. Taiwan Inst. Chem. Eng. — 2017. — Vol.74. —
P.25-48.

6. Fundamentals of adsorption technology /
Pourhakkak P., Taghizadeh A., Taghizadeh M., Ghaedi M.,
Haghdoust S. // Interface Science and Technology. — 2021. —
Vol.33. — Chapter 1. — P.1-70.

7. Evaluation of some intercalation methods of
dimethylsulphoxide onto HClI-treated and untreated Egyptian
kaolinite / Abou-El-Sherbini K.S., Elzahany E.A.M.,
Wahba M.A., Drweesh S.A., Youssef N.S. // Appl. Clay Sci. —
2017. — Vol.137. — P.33-42.

8. Sarma G.K., Sen Gupta S., Bhattacharyya K.G. Removal
of hazardous basic dyes from aqueous solution by adsorption
onto kaolinite and acid-treated kaolinite: kinetics, isotherm
and mechanistic study // SN Appl. Sci. — 2019. — Vol.1. —
Art. No. 211.

100
90
80
70
60
50
40
30
20
10

ol
0 50

R%

100 150 200

t(min)

Fig. 10. Adsorption efficiency of MG dye by the kao
adsorbent (0.03 g) at 298 K, 30 mg/L during different time
periods

9. Activated kaolin’s potential adsorbents for the removal
of Derma Blue R67 acid dye: kinetic and thermodynamic studies
/ Zen S., El Berrichi F.Z., Abidi N., Duplay J., Jada A.,
Gasmi B. // Desalin. Water Treat. — 2018. — Vol.112. —
P.196-206.

10. Jawad H., Abbas A.M. Study of efficacy adsorption of
methyl green by attapulgite and modified attapulgite clay from
aqueous solution // Ibn Al-Haitham J. Pure Appl. Sci. — 2021.
— Vol.34. — No. 1. — P.19-29.

11. Sabbar W.J., Abbas A.M. Adsorption of Janus green
by flint clay from aqueous solution at different temperatures //
Ann. Rom. Soc. Cell. Biol. — 2021. — Vol.25. — No. 6. —
P.5706-5714.

12. Abbas A.M., Mohammed Y.1., Himdan T.A. Adsorption
of anionic dye from equeous solution by modified synthetic zeolite
// lbn Al-Haitham J. Pure Appl. Sci. — 2015. — Vol.28. —
No. 2. — P.52-68.

13. Boukhemkhem A., Rida K. Improvement adsorption
capacity of methylene blue onto modified Tamazert kaolin //
Adsorpt. Sci. Technol. — 2017. — Vol.35. — No. 9-10. —
P.753-773.

14. Abd S.S., Abbas A.M. Preparation, characterization
and adsorption capacity of bauxite-carbon nanotube composite
// Nat. Environ. Pollut. Technol. — 2019. — Vol.18. — No. 3. —
P.863-869.

15. Jasim M.A., Abbas A.M., Radhi I.M. Preparation and
characterization of biomass-alumina composite as adsorbent for
safranine-o dye from aqueous solution at different temperatures
// AIP Conf. Proc. — 2021. — Vol.2372. — Art. No. 120001.

16. Abbas A.M., Mohammed Y.1., Himdan T.A. Adsorption
kinetic and thermodynamic study of congo red dye on synthetic
zeolite and modified synthetic zeolite // Ibn Al-Haitham J. Pure
Appl. Sci. — 2015. — Vol.28. — No. 1. — P.54-72.

100
90

70
60
50
40
30
20
10

R%

100 150 200

t{min)

Fig. 11. Adsorption efficiency of MG dye by the kao/P
adsorbent (0.03 g) at 298 K, 50 mg/L during different time
periods

Study of the adsorption capacity of kaolin clay and its composite for removing methyl green dye from an

aqueous medium



28 ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2026, No. 1, pp. 22-29

17. Abbas A.M., Abd S.S., Himdan T.A. Kinetic study of
methyl green dye adsorption from aqueous solution by bauxite
clay at different temperatures // Ibn Al-Haitham J. Pure Appl.
Sci. — 2018. — Vol.31. — No. 1. — P.58-66.

Received 21.05.2025
Accepted 03.12.2025
Published 25.02.2026

JTOCIIIKEHHA AICOPBIIMHOI 3JATHOCTI
KAOJITHOBOI TJIMHU TA I KOMITO3UTY I
BUJIAJEHHA BAPBHUKA METHUJIOBUM 3EJTEHU
3 BOAHOI'O CEPEJIOBHIIIA

M.C. Kazem, A.M. A6bac

3abpynHeHHsI BOAM IPOMMCIOBMMM BiIXOIaMu, 30Kpe-
Ma OapBHMKaMHU, TaKUMM SIK METUJIOBMI 3€JE€HUM, €
cepito3Ho10 mpobiaeMoro. OOHMM i3 MEPCIEeKTUBHUX IiIXOIIB
€ BUKOPUCTAHHS KAOJIHOBOI MIMHU Ta 1i KOMIIO3UTY 3 Tajlb-
MIiTMHOBOIO KMCJIOTOIO. Marepianu Oyau oxapakTepu30BaHi 3a
IOMOMOTOI0 PEHTreHiBChbKOI Ou@pakilii, cKaHyBaJlbHOI
€JIEKTPOHHOI MiKpOcKoIIii Ta iH(ppauepBOHOI CIIEKTPOCKOIIl 3
®Dyp’e-niepeTBOpeHHAM. AncopbuiiiHa e(peKTUBHICTh KAOJIIHO-
BOi TJIMHM Ta 1i KOMIIO3UTY IIOI0 METUJIOBOTO 3€JIEHOTO CTa-
HOBWIA BiamosigHO 86% i 97%, 1110 CBiZYMUTH MPO TE, LIO MO-
nudikallisi MoKpalluia aacopOLiiiHy 3MaTHICTb TJIMHU.

KumouoBi ciioBa: ancopOilist; KaosiH; METUJIOBUI 3€JICHUIA;
MaJIbMITUHOBA KUCJIOTAa; Moau(QikoBaHa TIMHA.
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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
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