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In this work, graphene oxide/activated clay/Gelatin (GO/AC/G) composite blends were prepared by a simple solution mixing method.
X-ray diffraction (XRD) and Fourier transform infrared (FTIR) spectroscopy were used to study the novelty in the structural
characterization of the samples. The thermal stability of these materials was carried out using thermogravimetric analysis (TGA). The
obtained results showed that a homogeneous mixture of AC, GO, and G was formed. XRD results indicated on successful formation of an
intercalated structure in the composites. The disappearance of peaks at 20 = 8.1° and 20 = 13.5° were observed for montmorillonite and
GO, respectively, indicating the homogenous distribution of the GO sheets into the activated clay structure. The interlayer spacing
increased from 19.4 to 23.5 A due to the insertion of gelatin molecules into the sheets of the clay. The IR spectrum of (GO/AC/G)
composite revealed the presence of C-O-C bonds, C=C bending, C-OH vibration, and C=0 bending. These results show that GO was
composited with AC structure. Furthermore, an intense band of N-H of gelatin at 3419 ¢cm™ was ameliorated via the combination with
absorption bonds of O-H, indicating the interaction of gelatin with the clay. A comparison of the thermograms of GO/AC and GO/AC/G
showed that the thermal stability was improved in the new prepared composite. High adsorption potential and regeneration capability make
the GO/AC and GO/AC/G composites the potential environmentally friendly materials for reducing dye pollution.
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INTRODUCTION

the field of
especially to the polymer
materials performance, due to their microscopic size and

Clay minerals have been used in

nanocomposites, improve
intercalation property. Clay minerals are economic sheet-
like inorganic materials that have specific properties. Their
crystal molecular structure is composed of one central
alumina octahedral sheet and two silica tetrahedral sheets
[1]. The atomic model of clay indicates that the hydroxyl
groups on the surface of the aluminosilicates promote the
formation of hydrogen bonding [2]. It is worth noting that
the negative charge on clays provides a high adsorption
capacity toward positively charged cations such as heavy
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metals, cationic dyes, efc. [3]. Materials with combined
properties of two or more phases of natural origin seem to
have alternative and innovative characteristics. In addition,
a simple modification of clays using cationic polymers or
surfactants can improve clays’ capacities via simple ion-
exchange reactions; the latter reactions cause several
interactions between the cationic species and the adsorbate
[3].

A large number of studies have explored to modify clay
minerals: ion exchange with inorganic or organic cations,
binding of inorganic and organic anions, grafting of organic
compounds, pillaring by different types of poly (hydroxo
metal) with
intraparticle, and interparticle polymerization, calcination

cations, reaction acids, interlamellar,

and dehydroxylation, reaggregation and delamination of
smectitic clay minerals, and physical treatments such as
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ultrasound, lyophilisation, and plasma [4].

A study showed that graphene oxide (GO) added an
organic modification on the clay due to its hydrophilic and
hydrophobic functional groups [5]. Graphene oxide (GO),
as an important derivative of graphene, was easily obtained
by extraction from animal tissue; GO has many oxygen-
containing functional groups including C=0, -O-, -OH, and
-COOH [5]. Tt is very available,
biodegradable. Also, GO has a strong affinity, large specific

inexpensive, and
surface area, an excellent mechanical strength, and a high
cation-exchange amount [6]. GO interacts with clay mineral
particles via hydrogen bonding, electrostatic interaction,
hydrophobic interaction, Lewis acid-base interactions, and
so on, causing physical and chemical changes on properties
of clay mineral. In addition, the O-functional groups of GO
shows strong affinities for heavy metal ions, thus GO may
have effect on the retention properties of clay mineral when
they come in mutual contact [7] .

It’s noted that there is a weak chemical reaction between
graphene oxide and clay mineral due to electronegativity
proprieties of the both species, so it’s mandatory to add
another component to facilitate their connection.

Biopolymers,
interest since 2000s due to their wide range of applications.

such as gelatin, have received high

Gelatin (G) is a natural fibrous protein material, non-toxic,
anti-carcinogenic, biocompatible, biodegradable, and it has
a considerable number of active groups (amino, hydroxyl,
and carboxyl). It is provided by partial hydrolysis of the
triple helix structure of collagen, which can be easily
The
incorporation of G can not only improve the ion-exchange

obtained by extraction from animal tissue [8].

behavior, but also ameliorate the properties such as swelling
ability, mechanical and thermal stability [9].

Several recent studies have developed composites that
combine two components such as GO and clay materials
[5,10], GO and gelatin [11-12] and the other ones based on
gelatin and bentonite beads [13]. To the best of our
knowledge, the modification of activated clay using GO and
gelatin has not been studied previously.

Considering the high performance and especial
properties of G, GO, and AC, their combination may
generate a novel material that holds promising potential for
several applications such as water treatment. The main

objective of this study is to explore the synergistic effect of
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AC, GO, and G components on the properties of the new
prepared composite. The present work aims to explore the
possibility of combining activated clay (AC), graphene
oxide (GO), and hexadecyltrimethylammonium bromide
(HDTMA-Br) as intercalation agent, and gelatin (G) in
order to obtain GO/AC, GO/AC/HDTMA, and GO/AC/G
materials. This new adsorbent material is intended for use in
wastewater treatment to remove anionic and cationic dyes,
heavy metal ions, and refractory organic contaminants.

EXPERIMENTAL

Materials

Graphite powder was provided by Sigma-Aldrich (99%
purity) and used as received. Hexadecyltrimethylammonium
bromide (HDTMABr) and gelatin were purchased from
Sigma-Aldrich (99% purity) and used without further
purification. Furthermore, sodium nitrate, sulphuric acid,
potassium permanganate, and hydrogen peroxide were
supplied by Sigma-Aldrich and used without further
purification. All solutions were prepared using bidistilled
water.

Clay activation (AC)

Activation of raw clay (RC) was carried out according
to the method described in our earlier work [3]. Briefly, in
order to remove impurities, such as carbonates, quartz, and
organic matter, the clay was dispersed in bidistilled water,
and the clay fraction (< 2 pum) was recovered through
sedimentation. In order to obtain sodium bentonite, the solid
phase was then saturated with sodium ions in a 1 M sodium
chloride solution. This operation was repeated three times.
When saturation was achieved, the resulting solid was
washed with bidistilled water several times in order to
remove excess salt; the final product was activated clay
(AC). The hexamminecobalt(Ill) chloride was used to
determine the cation exchange capacity (CEC), which was
found equal to 85 meq g/100 g.

Synthesis of Graphene Oxide (GO)

Graphene oxide was synthesized from natural graphite
method [14]. 1 g of
graphite powder and 5 g of sodium nitrate were added into

powder by a modified Hummers

23 ml concentrated sulfuric acid in an ice bath. After 20 min
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stirring, 3 g of potassium permanganate was gradually
added into the suspension while stirring as slowly as
possible to prevent the temperature exceeding from 20 °C.
After 45 min stirring, 45 ml of bidistilled water was slowly
added into the mixture. The rapid increase in temperature
caused by addition of water was controlled such that it
remained less than 98 °C. After 1 h, the suspension was
further diluted with 400 ml warm distilled water, after
which 20 ml hydrogen peroxide (50%) was added to remove
the residual potassium permanganate and manganese
dioxide.

The graphene oxide was obtained through centrifigation
of the suspension at 4000 rpm for 30 min. The supernatant
was discarded, and the solid was washed three times with
100 ml of 5% hydrochloric acid solution. The same washing
process was repeated using bidistilled water until the pH of
the supernatant became neutral. The obtained product was
dried at 80 °C for 24 h.

Synthesis of GO/AC/HDTMA composite

To obtain graphene oxide/activated clay (GO/AC)
composite with a ratio (GO/AC) (w/w) of 10%, 500 mg of
AC powder was mixed with a solution containing 50 mg of
GO.

0.17 g of hexadecyltrimethylammonium bromide
(HDTMA-Br) was separately dispersed in 20 ml of H,0O,
and then added to the suspension of GO/AC10%, which was
refluxed at 80 °C for 4 h to obtain (GO/AC/HDTMA)
composite.

Afterwards, 60 mg of gelatin was added to the previous
solution by continuously stirring for 120 min to obtain
composite labelled (GO/AC/G). The suspension was
centrifuged at 4000 rpm for 30 min. The supernatant was
discarded, and the product was washed with bidistilled
water for three times. Finally, the prepared composite was
dried for 24 h at 80 °C.

Characterization

The XRD patterns of the samples were obtained with
X-ray diffractometer ULTIMA IV (Rigaku, Tokyo, Japan),
operating with Copper Ko radiation (A = 1.54 A) at 40 kV
and 30 mA. All experiments were carried out at ambient
temperature with 20 varying between 2 and 40°, a scan
speed of 2° min™ and a step size of 0.02°.
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Thermogravimetric analyses of the samples were
obtained using High-resolution TGA (TA Instruments Q
Series Q600 SDT). 10 mg of finely ground sample was
heated in an open platinum crucible with a heating rate of
10 °C min" and temperature from 50 to 800 °C under a
nitrogen atmosphere flow rate of 100 ml min™".

Infrared (IR) spectra of the samples were obtained using
an Agilent Cary 600 Series FTIR Spectrometer equipped
with DRIFT (Diffuse Infra-red  Fourier
Transform) accessories. Spectra over the 4,000-400 cm’

Reflectance

range were obtained by the co-addition of 64 scans with a
resolution of 4 cm™ and a mirror velocity of 0.6329 cm s

RESULTS AND DISCUSSION

X-ray Diffraction (DRX)

The XRD patterns of the samples are shown in Fig. 1.
From the X-ray diffraction results, the major crystal phases
contained in raw clay (RC) showed the presence of the peak
relating to montmorillonite, in particular at d = 13.68 A,
20 = 6.45°. We noted the presence of quartz at d = 4.34 A,
20 = 20.40° and at d = 3.28 A, 20 = 27.08° as major
impurity in RC.
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Fig. 1. XRD pattern of RC, AC, GO, GO/AC,
GO/AC/HDTMA, GO/AC/G.
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On the other hand, in the activated clay (AC) we noticed
the shift of montmorillonite characteristic peak from
13.68 A t0 10.9 A in AC diffractogram. This result suggests
a parallel arrangement of the clay mineral layers.

In addition, successful oxidation of graphite to graphene
was confirmed by X-ray diffraction (XRD). According
to our results, after graphite oxidation, a sharp peak at
20 = 26.6° (dyg = 002, not shown) vanished and new peak
appeared at 13.5° (dwg = 001). According to Bragg’s
equation [15], the calculated interlayer distance of graphene
oxide was 6.55 A. The increased d-spacing of GO compared
to graphite (3.34 A) resulted from the insertion of oxygen-
functional groups and water molecules into graphene layers
[16]. This result indicates that graphite was almost oxidized
into GO [17].

No predominant GO peak was observed in GO/AC
spectrum, indicating the homogenous distribution of GO
clay The disappearance of
montmorillonite peak at 20 = 8.1° indicates that the

on activated structure.
reactants on the GO/AC surfaces have been able to separate
away the lamellae and produce a significantly less compact
structure at very small angles. This phenomenon might
indicate the possibility of the formation of an exfoliated
structure in the final nanocomposite, as suggested by
Ganjace ef al. [18]. The increased in the intensity of the
observed peaks at 20 = 27.08° and 28.3° might be attributed
to the change in the structure of activated clay [14].

The X-Ray diffraction patterns of modified -clay
GO/AC/HDTMA exhibited an interlayer spacing of 19.4 A.
This increase in the basal spacing for the modified clay
demonstrates that at least a fraction of the cationic
surfactant has replaced the hydrated interlayer cations [19].

When HDTMA molecules were introduced into the
suspension of AC and GO, the crosslinking was formed in
order to significantly increase the layer spacing of
fabricated nanocomposite [5]. Indeed, XRD patterns of
composites (GO/AC/G) changed distinctly compared to
activated clay. The interlayer spacing increased from 19.4 to
23.5 A due to the insertion of gelatin molecules into the

sheets of GO/AC/HDTMA [20].

Thermal Analysis
In order to investigate the
of GO, RC, AC, and the different

structural properties

composites, some
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thermogravimetric analysis (TGA)
conducted under a nitrogen atmosphere.

The obtained results for TG (a) and DTG (b), presented
in Fig. 2, indicate that unmodified activated clay (AC) the
loss of the interlayer water. A second mass loss of 2.14%
between 170 °C and 450
dehydroxylation of clay structure. The mass loss between
450 °C and 650 °C was attributed to dehydroxylation of the
aluminosilicate groups in the clay structure [21].

For GO, the first stage, in the range of 50-160 °C, was

attributed to the loss of adsorbed or hydrated water (about

experiments were

°C was related to the

11%). The significant weight loss (about 25%) occurred at
the second stage in the range of 160-290 °C for GO, due to
the release of steam, carbon monoxide, and carbon dioxide
resulted from pyrolysis of the labile oxygen functional
groups [22].

The same peaks of the activated clay were observed in
GO/AC composite thermogram. Furthermore, a new extra
weight loss of 6% between 200°C to 400°C might be due to
the decomposition of GO in the impregnated catalyst. It has
been shown that GO/AC has good thermal stability [23].

As shown in Fig. 2a, the weight losses of gelatin
exhibited two decomposition stages. The first stage, in the
exhibited a mass loss of 1.36% at 54 °C, corresponding to
range of 40-200 °C, was attributed to the release of
adsorbed or hydrated water (about 12%). The second stage,
a weight loss of 55% observed between 200 and 470 °C,
was related to the decomposition of amino acid fragments
by an easy degradation [24].

As shown in Fig. 2, TG (a) and DTG (b) curves showed
four decomposition stages for GO/AC/HDTMA sample.The
first stage degradation at 50 °C was certainly attributed to
adsorbed water.

The thermogram showed the presence of both surface
bound and intercalated organic modifiers. By comparing TG
curves of GO/AC/HDTMA and GO/AC samples, the
resulting thermogram showed additional weight losses
within the temperature range from 120 to 230 °C for the
second degradation stage, and from 340 to 450 °C for the
fourth one [25].

Since pure HDTMA bromide decomposes at about
250 °C [26], the peak observed between 120 and 230 °C
corresponds

to the decomposition of some cationic

surfactant molecules adsorbed on the external surface of
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clay. The fourth most important weight loss occurred
between 340 and 450 °C is certainly due to the
decomposition of cationic surfactants intercalated within the
AC layers [27]. The last weight loss occurred between 480
and 600 °C it related to the dehydroxylation of the
aluminosilicates [28]. These findings indicate that the
surfactant molecules adsorbed onto the external surface of
the AC sample and intercalated in the interlayer spaces
helped to improve the thermal stability of the corresponding
composites [29].

TG and DTG curves of (GO/AC/G) composite showed a
new weight loss at 323 °C. This peak is certainly related to
the gelatin molecules. Comparing with TG and DTG curves
of GO/AC/HDTMA sample, the thermograms showed the
same weight losses for GO, AC, and HDTMA molecules.

Fourier Transform Infrared Spectroscopy

GO/AC/HDTMA, Gelatin, and GO/AC/G are shown in
Figs. 3a and 3b. AC was characterized by the two broad
bands at 3630 and 3440 cm ', which were attributed to the
-OH stretching of the lattice hydroxyl and the -OH
stretching of free H,O, respectively. In addition, the Si-O
stretching vibration band appeared at 1032 cm™ and the
O-H bending vibration band was observed at 1636 cm™
[30].

Characteristic peaks observed at 1050, 1360, 1620, and
1713 cm™ were ascribed to C-O-C bonds, C=C bending,
C-OH vibration, and C=0 bending, respectively, which are
typical peaks of GO. These results suggest that graphite has
been already oxidized to GO.

For GO/AC composite, all the peaks of GO and AC
were appeared, and the bands of peaks belonging to GO
became weak. These results illustrate that GO was
composited with AC [31].

On the other hand, as shown in Fig. 3b in the FTIR
spectrum of GO/AC/HDTMA, the new intense bands
appeared at 2928 cm™ and 2852 cm™, which characterized
the presence of a symmetric (v{(CH,)) and an asymmetric
(vas(CHp)) vibration of methylene groups on the carbon
chain of surfactant [32]. Other vibration bands at 1386 cm™
were arose of the C-H of methyl group in the ammonium
groups.

In the case of the gelatin, new bands observed at
3419 cm™ and at 1386 cm™ were attributed to the N-H and
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the C-H bonds, respectively. Another peak appeared at
1643 cm™ was attributed to the stretching vibrations of the
carbonyl group of amide [33].

The IR spectrum of GO/AC/G includes all the previous
peaks, while the intensity of the band attributed to the N-H
stretching vibration (3419 cm™) of gelatin, was improved by
combination with absorption bonds of O-H, indicating the
interaction between GO/AC/HDTMA and gelatin [34].

CONCLUSIONS

In this study, several composites such as GO/AC,

148

GO/AC/HDTMA, and GO/AC/G were prepared by the
modification of activated clay (AC) with an organic base
graphene oxide (GO), a surfactant HDTMA, and gelatin
biopolymer. The obtained composites were characterized
by X-ray diffraction (XRD), infrared spectroscopy (FTIR),
and thermal analysis (ATG/DTG).

The results from the FTIR spectroscopy suggested a
good interaction between AC, GO, and G evidenced by the
appearance of all characteristic peaks of AC, GO, and G in
the final materials. The HDTMA was used as cross-linking
agent. Moreover, XRD results showed that a partially
exfoliated or intercalated structure was formed. The results
of TGA analysis proved the thermal stability of the
GO/AC/G composite.

Although several challenges need to be tackled, the
current research progress suggests that these distinctive
materials have a bright future in water purification. The
applications of this composite in wastewater treatment to
remove anionic and cationic dyes, heavy metal ions and
organic contaminants to be
breakthrough in future.

are expected a great
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