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ABSTRACT

The application of nanomaterials and composites in the field of treating water
pollution with dyes has begun to take an important place in scientific research with the
great development of the industrial sector. Therefore, this study aimed to prepare two
composites of graphite and nano titanium dioxide (G2T1,G2T2) using different chemical
methods. The active groups, graphite oxidation, and the ratio of the elements composing
the composites were diagnosed using several techniques (Fourier transform infrared, X-
ray diffraction and Energy disperse X-ray spectroscopy). The composites (G2T1, G2T2)
were applied in the field of adsorption of Congo red dye (CR) from aqueous solutions
using a continuous method, where the amount of CR dye adsorbed by the composites
(G2T1, G2T2) were (107, 68) mg/g respectively. The adsorption process data were
subjected to kinetic models, and it was found that the adsorption process data for Congo
red dye follow the kinetic model of the pseudo second order, which indicates that the type
of adsorption for both composites is chemical. This demonstrates the success of the
preparation process of the composites and their use in the process of treating water

pollution from dyes represented by Congo red dye.
Keywords: graphite, nanocomposites, congo red dye, adsorption, water treatment.
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INTRODUCTION

Graphite and diamond are considered natural forms of carbon that differ in terms of the
bonding and organization of the carbon atoms to form diversely organized structures. Graphite
is an industrial mineral that possesses unique properties that qualify it for multiple applications
that aid technological innovation. It was discovered at the beginning of the sixteenth century in
the form of a piece of high-quality graphite in Borrowdale, England (Ivancev et al., 2020).
With the development of industry, graphite was used in various fields such as military
industries, steel, and smart materials (An et al., 2016). One of the uses of graphite is in the
field of carbon steel and the manufacture of filters that are used in the fields of gas masks and
water purification (Pierce & Ewing, 1967). Dyes play an important role in various industries
such as textiles, printing, feathers, cosmetics, and plastics (Wong et al., 2020).

Nanomaterials are advanced materials at the nano level, as they represent the bridge
between macro materials and molecular materials. These are materials that have at least all or
one of their dimensions ranging from 1 to 100 nanometers and have different shapes. As a
result of their shapes and sizes, they give a large surface area, causing high effectiveness.
Nanoparticles are used in everyday life, and can be used in various healthcare, chemical
applications (Nabi et al., 2018), Water treatment (Abd & Abbas, 2019), (Mizhir et al., 2022).

Titanium dioxide (TiO2) exists in many forms, including rutile, which is uniformly
crystalline and stable and is formed at a high temperature of up to 800 °C. While in the
amorphous form, another form is called Anatase, which is a random irregular form that forms
at an average temperature of 350 °C. TiO2 NPs have distinctive properties in terms of stability
and stability and are cheap and are considered strong oxidizing materials, which makes them
applied in several fields. (Nabi et al., 2020), (Al-Kazragi & Al-Heetimi,2021).

As a result of these industries, their waste is released, including used and untreated
liquid dyes, and these dyes leave a negative impact on the aquatic environment and human life.
Therefore, the process of removing them has become one of the major challenges facing
researchers through the use of many techniques, the most important of which is adsorption for
its high efficiency, ease of application, and low cost. Many carbon adsorbent surfaces were
used, including activated graphite (Bradder et al., 2011) , activated carbon (Faraj & Abbas,
2021), graphene oxide (Jingjie et al., 2022), carbon nanotubes (Rajabi et al., 2017), nano-
titanium dioxide (Hwang et al., 2016), attapulgite-graphene oxide composite (Abbas &
Merza , 2020), and CNT-TiO2composite (Yu et al., 2005), in order to remove dyes from their
aqueous solutions under ideal experimental conditions (temperature, adsorbent surface weight,
initial concentration, contact time). These surfaces have proven their efficiency in the removal
process because they have a large surface area and many adsorption sites. This research aims to
activate graphite, prepare a composite with titanium dioxide nanoparticles, and apply them in
the field of dye adsorption.
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MATERIALS AND METHODS

Chemicals

The chemicals required were graphite, hydrogen peroxide, ammonium
hydroxide, sulfuric acid, Titanyl sulfate (Sigma-Aldrich), and congo red (Cs2H22NsNa20sS>,
Merck), and distilled water was used as a solvent.

Preparation of nano titanium dioxide -graphite-composite (G2T1)

The preparation process is done by dispersing (2g) of titanyl sulfate in a 400 ml beaker
containing 50 ml of hydrogen peroxide (50%) at 10 °C for 30 min, then gradually adding ( 29 )
of graphite with continuous stirring for 1h at laboratory temperature, then gradually adding 10
ml of ammonium hydroxide with continuous stirring for 1h, then gradually adding 60 ml of
sulfuric acid for 5h. where it was observed that it was an exothermic reaction, and then the
composite was washed with distilled water several ones , filtered, and dried at a temperature of
80 °C for a period of 1 h , then burned. The precipitate is kept at a temperature of 400 ° C
(Furnaces oven Vindon LTD, Oldham, England) for 1h and kept in a tightly closed container
away from moisture.lt is diagnosed using several techniques (FT-IR , XRD ,EDX).
Preparation of nano titanium dioxide -graphite-composite (G2T2)

The preparation process is done by dispersing (2g) of titanyl sulfate in a 400 ml beaker
containing 50 ml of ammonium hydroxide for 30 min, then gradually adding ( 2g ) of graphite
with continuous stirring for 1h at laboratory temperature, then gradually adding 10 ml of
hydrogen peroxide (50%) with continuous stirring for 1h, then gradually adding 60 ml of
sulfuric acid for 5h. where it was observed that it was an exothermic reaction, and then the
composite was washed with distilled water several ones , filtered, and dried at a temperature of
80 °C for a period of 1 h . then burned. The precipitate is kept at a temperature of 400 ° C
(Furnaces oven Vindon LTD, Oldham, England) for 1h and kept in a tightly closed container
away from moisture.lIt is diagnosed using several techniques (FT-IR , XRD ,EDX).

Adsorption experiments
Adsorption of congo red dye by graphite nanocomposites (G2T1, G2T2).

The adsorption experiment was conducted by applying a continuous system by taking a
range of weight (0.01-0.07) g of graphite nanocomposites (G2T1, G2T2) , bringing it into
contact with the volume (100ml) of (CR) dye solution (50) mg/L by using a water bath shaker
(Labtech, South Korea) at 298 K, 150 rpm agitation speed, and over time periods (5-120) min,
and each sample is separated by a centrifuge in order to be measured. Each solution is used by
the spectrometer (Shimadzu 1800, Japan), and the amount of adsorbed dye and the percentage
of adsorption (A%) are calculated through the following equations (1, 2), respectively (Jasim
etal., 2021) :

C.-C,)V
9. = (C. - N Q)
%A:(C°_Ct)><100 )
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Where C, and Ce are the (CR) dye concentrations at time (t = zero, t) respectively. The V
(L) represents the volume of (CR) aqueous solution, ge the amount of adsorbent at equilibrium,
whereas m (g) symbolizes the graphite activated adsorbent dose.

RESULTS AND DISCUSSION

Characterization of graphite nanocomposites.
Fourier Transform Infrared Analysis (FT-IR)

Infrared technology is used to determine the active groups of chemicals. (Figure 1, 2)
show the FT-IR spectra of G2T1 and G2T2 composites. There are clearly many bands within
the range between 400 and 4000 cm™ of G2T1 and G2T2 composites respectively , (Figure
1,2) show that the weak brad peak at (3122) and (3231) cm that belong to the stretch group
(OH) which refer to graphite after oxidation process and refer to Ti-OH group of TiO2 NPs , at
(1716) cm™ that belongs to the (C=0) group of oxidant graphite , at (1562, 1581) cm™ that
belongs to the (C=C) group of oxidant graphite , at (1133, 1199) cm™ that belongs to the (Ti-
O-Ti) group of TiO2 NPs, at (450, 601) cm™ that belongs to the (Ti-O) group of TiO2 NPs
which indicates the formation of all the composites under study (Visca et al., 2022) ,

(Mugundan et al., 2015).
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Figure (1): FT-IR of G2T1 surface.
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Figure (2): FT-IR of G2T2 surface.

X-ray diffraction Analysis (XRD)

X-ray diffraction technology is used to determine the crystallinity and purity of
graphite nanocomposite (G2T1, G2T2) through the (Figure 3,4) respectively within the range
(2theta:10-80). (Figures 3,4) show broad peaks at (24, 48°) overlapping due to oxidized
graphite and TiO2 NPs, and Figure 4 includes sharp peaks at (26 ,38°) due to TiO2 NPs and in
agreement with the JCPDS (Joint Committee on Powder Diffraction Standards) card No. 78-
2486. This indicates the formation of anatase nano-titanium dioxide particles in both
composites with oxidant graphite. On the other hand, the shape and size of the peaks of the
G2T1composite are broader and overlapping than those of the G2T2 composite, indicating that
G2T1 is less crystalline and pure than the G2T2 composite (Ratih & Siburian , 2018) ,( Chen
& Zhang , 2009). We used the Debye-Scherer equation to obtain the crystallite size (Zhang et
al., 2014):

S . =

Shki 1s the average crystallite size (nm), K is the Scherer constant (0.89), A the incident
X-ray wavelength, 0 the Bragg diffraction angle, and b the FWHM (full width high maximum).
The average crystallite size of G2T1, G2T2 are 5.7, 7.9 nm respectively.
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Figure (3): XRD of G2T1 surface.
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Figure (4): XRD of G2T2 surface.

Energy disperse X-Ray Analysis (EDX).

EDX analysis of graphite nanocomposites (G2T1, G2T2) were performed to determine
the composition as shown in (Figure 5,6) respectively. The (Figure 5,6) show the presence of
certain proportions of carbon, oxygen and titanium indicates the successful formation of the
two composites (G2T1, G2T2). On the other hand, the decrease in the percentage of carbon
and the increase in the percentage of oxygen and titanium of G2T1 composite compared to
other composite indicates the presence of oxidized graphite and TiO2NPs in a greater
proportion in the G2T1 composite compared to G2T2 composite.
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Figure (5): EDX of G2T1 surface.
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Figure (6): EDX of G2T2 surface.

Effect of weight

Different weights of graphite nanocomposits (G2T1, G2T2) were taken to study the
effect of weight (0.01-0.07) g on congo red adsorption at 298 K and a fixed concentration of
the dye (50 mg/L) at equilibrium time. (Figure 7) shows that the best weight of graphite
nanocomposits (G2T1, G2T2) for congo red removal were (0.04, 0.06) g respectively (Abbas
etal., 2017).
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Figure (7): Effect of graphite nanocomposites on CR dye adsorption.

Effect of Time

The equilibrium time for CR dye adsorption was determined by studying the adsorption
process at 298 K and a fixed concentration of the dye (50 mg/L) with different periods (5-180)
min.( Figure 8) suggests that the quantity of CR adsorption on both adsorbents (G2T1 and
G2T2) increased with increasing contact time, up to the time (90) min and beyond, at which
the amount of adsorption stabilizes, which indicates the occurrence of equilibrium. (Naief et
al., 2017)
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Figure (8): effect of contact time on CR dye adsorption by G2T1, G2T2 composites at 298 K.
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Kinetics of Adsorption.

The experimental data were analyzed by kinetic models. The linearized pseudo-first-
order (PFO) and pseudo-second-order (PSO) models have been applied. (Benjelloun et al .,
2021)

Ln(qe - qt) = ane - klt o (4)
1 1 t

— —|— ——— 5
q, k,aZ d. ®)

Where gt and ge are the amounts of (CR) dye molecules adsorbed on the TiO, NPs at
time t and at equilibrium (mg/g). ki (min), k2 (g.mg*.min™) are the rate constants of PFO and
PSO, respectively. The linear plots of In (qe—qt) versus (t) and t/q: versus t are employed to
calculate k1, ge values for PFO, and k2, ge values for PSO, as shown in (Figure 9,10). Table 1,2
lists the PFO and PSO constants for the adsorption process. As shown in Table 1, the values of
correlation coefficient R? for PSO were higher than those for PFO. Also, the values of ge
experimental (qe exp) and e calculated (qecar) Were matched well using PSO kinetic models,
suggesting that the mechanisms of adsorption are related to both adsorbent and adsorbate
(Bentahar et al., 2016) , (Saeed & AL-Mammar, 2021) , (Jawad & Abbas, 2021).
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Figure (9): Graphical representation of the first-order equation model for dye Congo red
adsorption on surfaces (G2T1, G2T2) at 298 K.
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Table (1): displays the pseudo-first-order equation for the adsorption of a dye Congo red on
surfaces( G2T1,G2T2) along with the amount of adsorbed dye (ge) , the adsorption rate
constant (k) , and the correlation coefficient (R) at a temperature of 298 K .

System ki (min?) R? Qe cal (MQ/Q) Qe exp (MQ/Q)
G2T1 0.0234 0.4032 56,940 107.778
G2 0.0294 0.3567 15.680 68.245
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Figure (10): Graphical representation of the Second -order equation model for dye Congo red
adsorption by surfaces of G2T1, G2T2 at 298 K.

Table (2): displays the Second -order equation for the adsorption of a dye Congo red on
surfaces G2T1, G2T2 along with the amount of adsorbed material (ge ), the adsorption rate
constant (k) , and the correlation coefficient (R) at 298 K .

System k2 (g.mg™.min?) R? ge (Mg/g)
ezl 0.0004 0.9884 11.9047
Cale 0.0017 0.9955 7.1428

CONCLUSIONS

We conclude according to the techniques (FT-IR, XRD, EDX) the success of the
preparation process of the two composites (G2T1, G2T2), which included the graphite
oxidation process and the implicit preparation of anatase-type nano-titanium dioxide particles
in different proportions according to the chemical methods used to prepare each composite. As
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a result of these differences between the two composites, this was reflected in their
performance in the adsorption of Congo red dye, which gave an advantage to composite
(G2T1) compared to composite (G2T2). The type of chemical adsorption was also renewed in
order to follow the results of the Congo red dye adsorption process on both compsites for the
pseudo-second-order kinetic model.
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