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ABSTRACT

Many methods, such as biodegradation, ultra-filtration, photocatalytic degradation, oxidation,
and adsorption, have been used in wastewater treatment. Adsorption is a conventional wastewater
treatment technique that is comparatively cheap and efficient. The aim of this work is to deter-
mine the effectiveness of degradation of a novel technique of microwave radiation against methy-
lene blue (MB) dye and arsenazo III dye using graphene oxide (GO) synthesized from Saudi date
pits. The conversion of date pits to GO takes place first through two steps, the conversion of date
pits to active carbon and then to GO. The characteristics of the samples were scanning electron
microscopy, Fourier transform/Raman, Surface, Fourier transformation infrared spectroscopy, X-ray
diffraction, and ultraviolet-visible absorption. MB and Arsenazo III dyes degradation was moni-
tored as a function of irradiation time by measuring maximum absorbance. Measurements were
taken for chemical oxygen demand (COD) and biological oxygen demand (BOD). Kinetic models
was studied via pseudo-first-order, pseudo-second-order, and elovich. It was found that both chem-
ical and surface adsorption mechanisms are participating in the studied systems.
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1. Introduction

Textile plant effluents contain portions of coloring used
inindustries like textiles, paper, plastics, tannery, and paints.
The amount of dyes produced is estimated to be important
sources of water pollution, some dyes, and their products
for degradation may be carcinogens and toxic. Before dis-
posal, therefore, the dyes must be treated. Organic pollution
occurs when huge amounts of organic compounds affect
household sewage, urban run-off, industrial effluents, and
wastewater from agriculture. The dissolved oxygen in the
receiving water can be consumed at a higher rate than it
can be replenished during the organic pollutant decomposi-
tion process, causing depletion of oxygen and having severe
effects on the biota stream. Due to acute toxicity and the
carcinogenic nature of the pollutants, water pollution due
to organic contaminants is a significant issue. Water pollu-
tion is water bodies such as lakes, rivers, oceans, aquifers,
and groundwater contamination. Pollution of water occurs
when pollutants are discharged into water bodies directly
or indirectly without adequate treatment to remove harmful
compounds. The need for water quality improvement and
preservation is constantly growing, being of utmost impor-
tance. But our valuable water resources are contaminated
by the point and non-point sources. Due to different side
effects and carcinogenic nature, this contamination is very
dangerous. Here are some scary facts about the pollution
of water. Two million tons of sewage, industrial and agri-
cultural waste is released into the world’s water every day,
which is the equivalent of the weight of 6.8 billion people for
the entire human population. According to the survey con-
ducted by Food and Water Watch, around 3.5 billion peo-
ple will be facing water shortage problems in 2025. This is
mainly due to the pollution of the water. Approximately 894
million people worldwide do not have access to improved
water sources, according to the World Health Organization
(WHO) and United Nations Children’s Fund. According to
recent WHO figures, 50,000 people die every day from com-
plications of polluted water [1]. In the textile, paper, rubber,
plastics, leather, cosmetics, pharmaceutical, and food indus-
tries, methylene blue (MB) is a common dye. Discharged
effluents from these industries contain residues of color-
ing. Therefore, the presence of very low levels of effluent is
highly visible [2,3]. Discharge of colored wastewater with-
out proper treatment can lead to numerous problems such
as the water body’s demand for chemical oxygen (COD) and
increased toxicity. Effluents from textile plants contain por-
tions of coloring used in industries such as textiles, paper,
plastics, tannery, and paints. It is estimated that the quan-
tity of dyes produced annually exceeds 700,000 tons, with
10%-15% discharged into wastewater, which are important
sources of water pollution, can be carcinogens and toxic
in some colors and their degradation products [4]. Before
disposal, the dyes must be treated and their products are
harmful to flora and fauna, and some are even mutagenic
or cancerous [5]. Several azo dyes cause damage of deoxy-
ribonucleic acid that can lead to the genesis of malignant
tumors. Electron-donating substituents in ortho and para
position can increase the carcinogenic potential. The toxic-
ity diminished essentially with the protonation of aminic
groups. In wastewater treatment, many methods have been

used, such as biodegradation, ultra-filtration, photocatalytic
degradation, oxidation, and adsorption [6-9]. Adsorption is
a conventional wastewater treatment technique that is com-
paratively cheap and efficient. The efficacy of any adsorp-
tion process usually depends to a large extent on the physi-
cochemical properties of the adsorbent used. Therefore, it is
very important and meaningful to search for new adsorbents
with large specific surface area, high adsorption capacity,
fast adsorption rate, and special surface reactivity. There
are many reports of some dyes being adsorbed on various
adsorbents such as fly ash, sand, rejected tea, polymers,
but no such study on graphene oxide (GO) is available.
Experimental results have shown that GO is a promising
adsorbent in industries such as (MB, methylene green, arse-
nazo III, orange G, etc.) to remove a variety of dyes. GO is
an excellent adsorbent for removing from different matrixes
a wide variety of contaminants. Its benefits are derived pri-
marily from the large surface area, well-developed porous
structure, and the presence of functional surface groups.
GO, however, is expensive, limiting its application on a
large scale. A potential cost reduction method is the pro-
duction of GO from low-cost materials such as agricultural
by-products. The advantage of using agricultural by-prod-
ucts for activated carbon production as raw materials is
that they are renewable and potentially less expensive to
manufacture. GO production from date pits serves the envi-
ronment from two perspectives. First, it converts unwanted,
surplus agricultural waste into valuable adsorbents (mil-
lions of tons are produced each year) [10]. Activated car-
bon is widely used as an adsorbent material in both water
purification and for water treatment plants. Active carbon
is characterized as a carbonaceous material with a highly
porous internal structure generally derived from pyrolysis
and chemical treatment of sources including wood, coal,
nutshells, and other organic materials [11]. The activation
process usually carried out by chemical or steam treatment
at elevated temperatures, generates a large porous network
within the carbonaceous material [12]. Adsorption is one of
the most efficient wastewater treatment processes left after
conventional effluent treatment to reduce trace hazardous
organic and inorganic compounds. It is also used to remove
contaminated groundwater from organic and inorganic
compounds that are toxic. In water treatment, adsorption
using active carbon is the most widely used method. Some
reports on wastewater treatment using microwave-assisted
approaches have been available in recent years. For exam-
ple, in the treatment of phenolic wastewater, wet air oxida-
tion on activated carbon under microwave irradiation was
used; the application of microwave technology has become
increasingly important in the treatment of pollutants in the
environment. The hypothesis of this study found that if GO
converted from Saudi date pits is applied to MB dye and
arsenazo III dye, then the results of the degradation will be
effective. This is due to the efficacy of the adsorption pro-
cess and the GO’s physicochemical properties and micro-
wave technology application. Active carbon is one of the
most widely used adsorbents produced from a wide range
of raw materials rich in carbon, including wood, coal, peat,
coconut shells, nut shells, bones, and fruit stones. The aim
of this work is to determine the effectiveness of degradation
of a novel technique of microwave radiation against MB dye
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and arsenazo III dye using GO synthesized from Saudi date
pits. Hopefully, this research will lead to the valuable real-
world use of the method implemented in water filters and
water treatment plants for water purification from organic
pollutants.

2. Methods and measurements
2.1. Conversion of date pits to active carbon

Ten grams of date pit samples were washed with dis-
tilled water and then dried for 24 h at 105°C. Grinding and
sieving to 250 um were performed after cooling. Physical
activation for date pit samples was performed by carbon-
izing for 2 h under N, gas at temperatures of 500°C, 700°C,
and 900°C. Activation of samples under CO, gas for 2 h at
600°C, 900°C, and 1,200°C temperatures and 7.2 g with a
yield of 72%.

2.2. Conversion of active carbon to GO

GO was prepared using Hammer’s method [13-15].
Hummer’s method is a chemical process that can be used
by adding potassium permanganate to a graphite, sodium
nitrate, and sulfuric acid solution to generate graphite
oxide. In the creation of a single molecule thick version of
the substance known as GO it can also be revised. We took
5 g of active carbon from date pits, 2.5 g of sodium nitrate,
115 ml of sulfuric acid. We add all the above materials to
a beaker of 800 ml and then put the beaker in the ice bath
and mix it for 20-30 min. Then, remove the beaker from

(a)

the cold ice bath and place it at room temperature on the
magnetic stirrer. Then added 15 g of potassium perman-
ganate very slowly, then moving the beaker into the ultra-
sonic bath tub and stirring the solution for 2 h at 40°C. It
was obtained dense paste. Add 500 ml of water as a solu-
tion has sulfuric acid, then add water slowly and stir it for
an hour. We then added 10 ml of hydrogen peroxide with
30% concentration and stirring for another 2 h. Note, that
washing (centrifuge + ultrasonic) has removed the color of
your solution, inorganic anions, and impurities. You will
get a 3.9 g GO powder with a yield of 78% after drying at
85°C for 24 h on a hot plate.

2.3. Microwave experiments

For the supply of microwave energy, a modified domes-
tic microwave (MS) furnace with variable power was
used. On its top cover, one hole was drilled to allow glass
condensation system to be installed. Installed in MS furnace,
a 500 mL Pyrex with one-necked flask reactor was connected
to a water cooling condensation system (i.e., three condens-
ers attached in one line) to allow fast and fast water vapor
condensation. Fig. 1. shows a schematic illustration of the
microwave experimental arrangement device.

2.4. Degradation of MB and Arsenazo III dyes

Two hundred and fifty milliliters of MB of 2.510° M
molar was mixed and shaked with 0.1 g GO for 10 min
before being transferred to the microwave system. A 250 ml

Fig. 1. (a) Schematic illustration of experimental apparatus (1) microwave generator, (2) reaction solution, (3) GO powder, (4) con-
denser, (5) time display, (6) time adjuster, and (7) power adjuster and (b) picture of the process of degrade the dye inside the micro-
wave system.
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of 2.510°M arsenazo III dye mixed with 0.1 g GO and shak-
ing 10 min before being transferred to the microwave system.
Table 1 shows the molecular structure of the investigated
Dyes. We then applied the various parameters to select the
optimum conditions for MB dye and arsenazo III dye deg-
radation such as, time, watt and dye concentration. Fig. 2
shows a picture of the process of degrading the dye within
the microwave system.

Table 1
The molecular structure of the investigated dyes

2.5. Characterization

The analysis of GO and active carbon was carried out
using several methods such as scanning electron microscopy
(SEM), Fourier transform (FT)/Raman, surface area, Fourier
transformation infrared spectroscopy (FI-IR), and X-ray
diffraction (XRD) measurement. ultraviolet-visible absor-
bance, JASCO (570 Japan) double beam spectrophotometer,

Dye Chemical structure Chemical formula Ao
0
MB L s: ek C,H,CIN.S 660 nm
(|3H3 d (I:HS
o ek
Arsenazo 111 E OH oH N C,H AsNO,S, 513 nm

(a)

Figs. 2a and b. Picture of MB and arsenazo III dye after degradation at various times.
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measured and analyzed the samples. MB and arsenazo III
color degradation were monitored as a function of irradiation
time by measuring maximum absorbance. Measurements
were recorded for chemical oxygen demand (COD) and bio-
logical oxygen demand (BOD).

3. Results and discussions
3.1. SEM micrograph analysis

The conversion of date pits to active carbon and the
conversion of active carbon to GO were analyzed with dif-
ferent magnification using SEM micrograph. Figs. 3a and b
show the GO (H,SO,) SEM image analysis and the active
carbon SEM image, respectively. Fig. 3a shows the fluffy
morphology, and the high-resolution image shows exfoli-
ated graphene sheets. An SEM analyzed the sample of con-
version date pits to active carbon, (Fig. 3b). The physical
surface morphology of converting date pits to active carbon
shows that well-developed pores of a wide variety are pres-
ent along with smooth surface fibrous structure. It can be
seen that a possible material for removal pb* of >90% from
an aqueous solution of Pb* within 40 min by the sodium
dodecyl sulfate acrylamide Zr(IV) selenite (SDS-AZS) nano-
composite cation exchange material as they possessed irreg-
ular pebble-like structure with sharp edges [16].

Due to depolymerization and subsequent release of
volatile organic substances from carbonization, different
pore sizes, and shapes were observed on the conversion to
an active carbon surface sample. Functional groups are very
important features of converting date pits to an active car-
bon sample as they determine the carbon surface properties
and their quality.

3.2. FT/Raman measurements of GO (H,SO,) and active carbon

In the scattering region of 400-3,200 cm™, Fig. 4 shows
the GO FT/Raman (H,SO,) and the GO Raman (H,SO,) and
active carbon samples have two peaks. These peaks located
around 1,336 and 1,566 cm™ assigned to the G resulting from
the first-order. The dispersion over E2g orbitals phonon of

GO (H,S0,) _

Active carbon 500 °C (N,) |

Intensity, (a.u.)

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
400 800 1200 1600 2000 2400 2800 3200
Wavenumber, (cm)™

Fig. 4. FT/Raman of GO (H,SO,) and active carbon.

Fig. 3. SEM of GO (H,SO,) and active carbon. (a) SEM of Active carbon and (b) SEM of active carbon after converted to GO (H,SO,).
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Sp2 C atoms, an indication of graphic carbon and D graph-
ite bands resulting from a breathing mode of Al g symme-
try k-point photons reflecting the presence of disorders and
the edges and boundaries of amorphous carbon domains.
D-band appearance is attributed to the existence of defects
due to extensive oxidation that reflects the extent of GO
atomic disorder. This can also be attributed to the defects
produced during pyrolysis by the decomposition of groups
containing oxygen. Several investigations reported equiva-
lent results [17,18].

3.3. Surface area measurements of GO (H,SO,) and active carbon

Fig. 7 displays GO (H,SO,) and active carbon surface
measurement. For the GO (H,SO,) powder sample of an
estimated surface area of 754 m?%g, a relatively high GO
(H,SO,) surface area. Meanwhile, the smallest surface area
of 243 m?*g also shows good adsorption capacity was the
active carbon prepared from date pits sample. Visualize
the surface area change in more detail with changes in the
independent variables. It was also possible to further under-
stand the relationship between dependent and independent
variables and to achieve optimization.

3.4. FT-IR of GO (H,SO,) and active carbon

FT-IR analysis was done to determine the surface func-
tional groups of GO (H,SO,) and active carbon as shown in
Fig. 5. The wide band at 3,451 cm™ shows the vibrations of
hydroxyl groups. This is because of the presence of mole-
cules of water. C=C aromatic ring stretching vibration can be
assigned to the observed peak at 1,620 cm™. The 1,053 and
671 cm™ peaks reveal C-O and C-H stretching vibrations.

3500 3000 2500 2000 1500 1000 500

T T 4 T T T T T T T ]
—— GO-As(lll) ]

Transmittance, (a.u.)

L 1 L 1 L 1 L 1 L 1 L 1 L 1
3500 3000 2500 2000 1500 1000 500

Wavenumber, (cm)™

Fig. 5. FT-IR of GO, GO-MB, and GO-AS (I1I).

The presence of multiple oxygen functionalities reveals the
GO’s complex non-stoichiometric property [19]. The region
between 1,610 and 1,500 cm™ is associated with C-C stretch-
ing in lignin structure aromatic rings. Researchers [20,21]
observe similar results for both GO and active carbon. The
wide and flat band at 3,300-3,400 cm™ shows the presence of
alcohol, phenol, or carboxylic acid stretching vibration -OH.
However, in case of adsorption of AS(III) dyes, presence of
distinguish functional groups stretching vibration band of
azo group (-N=N-) from 1,504 to 1,555 cm™. On the other
hand, intense band with the peak at 1,593 cm™corresponds
to the C=N and C=C vibrations of MB as shown in Fig. 5.

3.5. XRD measurements of GO (H,SO,) and active carbon

The GO (H,SO,) and active carbon XRD patterns are
shown in Fig. 6. In the GO (H,SO,) and active carbon (500°C,
N, gas) samples, the wide diffraction peak may be attributed
to amorphous carbon structures. Due to the graphite struc-
ture axis [22-24], the small and week diffraction peak
(2 = 40-45°). There is no noticeable difference between GO
(H,SO,) and active carbon in the XRD diffraction patterns,
suggesting that the chemical reduction process does not
affect the carbon material microstructure. The XRD diffrac-
tion patterns confirmed by the SEM micrograph and the
FT-IR spectra are identified as aggregating the particles due
to the oxidation reaction and the presence of different func-
tional oxygen groups.

3.6. Degradation of MB dye

Contact time is one of the most important parameters
for evaluating the adsorption process’s practical applica-
tion. Fig. 7 shows the degradation of methylene blue dye
at different times. Figs. 7-9a and b show the effect of con-
tact time, watt and concentration on removing MB dyes in
each case. The adsorption capacity of the adsorbent mate-
rial (GO) with microwave radiation was investigated by
removing 2.5 capacities of MB dye from aqueous solutions
below 500 W and the order of efficiency was obtained. It
was found from the represented Figs. 7-9a and b that GO
samples showed good efficiencies in removing MB dye

GO (H,S0,)

Intensity, (a.u)

Active carbon 500 °C (N,)

1
10 20 30 40 50 60
2Theta’

Fig. 6. XRD of GO (H,SO,) and active carbon.



N.S. Awwad et al. | Desalination and Water Treatment 187 (2020) 321-332

(@)
100 -
80
—a— Raw Date pits
_ T —e— Active Carbon(500°C)
S 604 —A— Graphene Oxide (H ,SO )
"é’ i
g 404
" /’_’_"_"__.
0 T T T T T T T 1
0 5 10 15 20
Time, min
(b)
100 <
80
i —=— Raw Date pits
60 —e— Active Carbon(500°Q)
i —A— Graphene Oxide (H SO )

Removal (%)
8
1

Time, min

Fig. 7. Percentage removal of (a) MB-dye vs. time at 500 W and
(b) AS (III)-dye vs. time at 500 W.

within 12 min with high surface areas. GO and active car-
bon rates were 98.7% and 34.8%, respectively. In removing
MB dye within 15 min the adsorption capacity of the adsor-
bent material (GO) without using microwave radiation was
investigated at a rate of 12.74% (adsorption processes).
Also activated carbon synthesized from peanut was suffi-
ciently efficient in removal if heavy metals like Cr®* [25].
Methods for determining organic matter in wastewater are
widely used for monitoring COD and BOD. The pre- and
post-degradation of MB dye is shown in Table 2 using COD
and BOD measurements. The COD was found before dye
removal was 450 mg/L, while 87 mg/L was found after dye
removal, and 270 mg/L was found before dye removal, and
reaches to 12 mg/L was found after dye removal.

3.7. Degradation of arsenazo III dye

The adsorption capacity of the adsorbent material (GO)
with microwave radiation was investigated in the removal
of 2.5 x 10°M of arsenazo III dye from aqueous solutions
under 500 W, and the order of efficiency was obtained while
nickel ferrite bearing nitrogen-doped mesoporous carbon
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Fig. 8. Effect of microwave power on % Removal of (a) MB dye
and (b) arsenazo III dye through 12 min.

(NiFe,0,-NC) was produced from aqueous media using
polymer bimetal complexes and used for Hg* removal [26].
Fig. 7 shows the degradation of arsenazo III dye at differ-
ent times. From the represented data, it was found GO sam-
ples, with high surface area, showed good efficiencies in the
removal of arsenazo III dye within 15 min. The rates of GO
and active carbon were, respectively, 96.06% and 30.13%. In
the removal of arsenazo III within 15 min the adsorption
capacity of the adsorbent material (GO) without the use
of microwave radiation was investigated. The COD before
dye removal was 580 and 118.6 mg/L after dye removal
and 310 mg/L before dye removal and 21.75 mg/L after dye
removal.

3.8. Mechanism of degradation

Briefly, the reactants need to be activated for a chemical
reaction to occur. Heating is a conventional method of acti-
vating a reactive medium in chemistry. Temperature eleva-
tion induces an increase in kinetic energy in molecules and
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Table 2a
COD and BOD measurements for degradation of MB dye by us-
ing GO

Before After Rate%

COD 450 mg/L 87 mg/L 80.6%

BOD 270 mg/L 12.8 mg/L 95.2%
Table 2b

COD and BOD measurements for degradation of arsenazo III
Dye by using GO

Before After Rate%
COD 580 mg/L 118.6 mg/L 79.5%
BOD 310 mg/L 21.75 mg/L 93%
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therefore increases the rate of collision. However, only a few
have sufficient energy and proper orientation to lead to the
product among these collisions. Heating causes molecules
to be isotropically excited, which is why all collisions are
ineffective. An excitation tool that could favor efficient col-
lisions by modifying the energy distribution of molecules
could increase the reaction rate, according to the Eyring
formulation. GO, a strong microwave absorbent, can sub-
stantially absorb and transfer MW energy under MW irra-
diation, indicating that a strong absorbent could generate
large amounts of “hot spots,” which could increase molecu-
lar degradation [27,28]. The electrophilic oxygen ions (O,
O-, and O,-) derived from GO lattice oxygen show high
activity in catalytic reactions and may be involved in MB
or AS(IIl) degradation [29]. Lattice oxygen vacancies have
recently been replenished by dissolved molecular oxygen
in solution, known as the mechanism of Mars van Krevelen
[30]. Since the energy of microwave photons is too low
(about 10-5 ev) compared to chemical bonds, the absorption
of microwave photons can induce no breakdown of chemi-
cal bonds. MW cannot therefore induce any shift in chemical
equilibrium but can accelerate the degraded rate of MB. This
means that microwave and GO combined simultaneously
can effectively degrade MB and AS(III) to total carbon diox-
ide and water. Metal organic frame works (MOFs) showed
outstanding results. So, we expect intense study attempts
to focus on MOFs and their composites, with emphasis
on their practical use in sewage therapy [31]. The ordered
porous structure and the high GO surface area create more
catalytic sites to provide extra pathways for electrons migra-
tion and enable better contact between reactants and active
sites and led to the separation of charge carriers. Different
interactions could easily sorb the MB and AS(III) mole-
cules to the GO surface. Like nanocomposite starch/SnO,
material was used as an adsorbent for removing from the
aqueous medium the highly toxic Hg?*" metal ions [32]. Such
adsorption significantly increases the effective concentra-
tion of molecules of MB and AS(III) close to the GO surfaces
Microwaves can promote the release of hydroxyl radicals
from GO, thus improving the system’s oxidative capacity.
Due to the loss of graphene at microwave frequencies, its
absorption will strongly affect the patch’s radiation proper-
ties and enhance the degradation MB and AS(III).

GO is one of the most promising Graphene derivatives.
It is a hybridized, two-dimensional (2D) sp2 single carbon
atom with epoxide, hydroxyl, carboxylic, and carbonyl
groups that contain oxygen. It was used to improve the
mechanical, chemical, thermal, and electrical properties of
composite materials in various applications as an econom-
ical carbon precursor [33,34]. While GO has had remark-
able adsorption results in azo dyes decontamination, GO
as a practical adsorbent in the treatment of wastewater is
restricted by the high colloidal resistance of 2D GO and its
tendency to aggregate through strong m-m interaction [35].
Graphene adsorption data was briefly screened by Khurana
et al. [36]. Electrostatic interaction is one of the core adsorp-
tion mechanisms. There are a number of groups containing
oxygen on GO, which are negatively charged, according to
the GO structure. Positive contaminants such as heavy metal
ions, cationic dyes and other positive contaminants prefer
a negative GO. Once deprotonation of carboxylic groups is
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put into the basic environment will be enhanced [37-39];
higher performance is therefore to be demonstrated by GO.
The use of reduced graphene oxide (rGO) was shown to
effectively remove Malachite green (MG) [40] from simu-
lated wastewater. The possible ways in which MG dye can
interact with rGO are derived from rGO’s nanostructural
characteristics. The combination of the interactions between
the aromatic MG ring and graphitic structure, and the inter-
action between the cationic MG dye core and the m-electron
clouds and the negative residual rGO oxygen features pro-
motes MG’s collectively adsorption on the rGO. The adsorp-
tion capacity of rGO for MG is 0.476 g/g. The ability to adsorb
varies with experimental conditions, design and nature of
adsorbent. The adsorption of dyes on few-layered graphene
nanosheets is possible using the strength of Van der Waals
and m—t stacking to change the physical and chemical prop-
erties to improve the manufacture of reduced graphene. The
layers of rGO and of single GO have high aspect ratios and
large and - electronic surfaces that give strong inter-mo-
lecular forces among adsorbates [41]. rGO was already used
to remove cationic MB as adsorbents [42-44]. rGO was also
used by Guo et al. [45] to adsorb reactive red (RR) dye. The
Langmuir model showed a total adsorption capacity of
0.03216 g/g. Furthermore, experimental kinetic data were
analyzed in the first-order and second-order models of the
equation. The pseudo-second model proved the best model
for the adsorption process, which implies that the adsorp-
tion could be regulated through a sharing of electrons or
covalent forces through the chemical rate-limiting stage.
Another dye, also with graphene composite adsorbent, was
studied. Nuengmatcha et al. [46] investigated GO in com-
parison with bare graphite powder (BGP), for the adsorp-
tion of Alizarin Red S (ARS) with GO as an adsorbent. The
GO adsorbed capacity was 0.8850 g/g, higher than BGP
(0.3413 g/g) adsorbed. The kinetic adsorption is well fitted
with the pseudo kinetics of the second order. The model of
intra-particle diffusion defined the diffusion of the intra-par-
ticle not as the only rate limit. The bio-composite product of
the adsorption process was synthesized by Bhattacharyya et
al. [47] includes GO, cross-linker glutaraldehyde and potato
starch (GO-GLu-starch) was applied for adsorption of MB
dye with adsorption capacity of 0.256 g/g. The kinetics of the
pseudo-second-order reveals that the surface bond of adsor-
bents and adsorbed molecules has occurred. The Freundlich
isotherm shows that the major part of the adsorption takes
place through the electrostatic attraction between an adsor-
bent and adsorbate molecules.

3.9. Adsorption kinetics

The amount adsorbed of dye onto the GO studied with
time for estimating the adsorption mechanism. The adsorp-
tion of two dyes with time shows that mixing period of
15 min is optimum for attaining the equilibrium, these
findings reflect a fast kinetic for adsorption of MB onto the
prepared GO.

Different kinetic models were applied on the obtained
results and the kinetic parameters were determined. The
kinetic models correlate the amount adsorbed of dye with
time. Lagergren equation describe and used to the kinetic
data in the adsorption systems. In addition, this Eq. (1)

developed by assuming both diffusional and surface reaction
kinetic models for pseudo-first-order reactions [48].

d

%:kl(%_qr) 1)
where g, and g, are the dye concentration in solid phase at
equilibrium and at time ¢, respectively, and k, is the model
constant (min™). The linear form of the above equation was
obtained by integration at the borders (7,=0to q,=g,and t =0
tot=t)as:

kt
2
2.303 @

log(q, -4,) =logq, -

The rate constant, k, was determined from the plot of
log(q,—q,) with t while the value of g, was determined from
the intercept. The model variables with the coefficient are
given in Table 3.

The plots in the figures above show linear fit with cor-
relation coefficient of 0.798 for MB, 0.889 with AS(III),
respectively. The values of calculated adsorption capacity g,
and the linear regression coefficient clarify that the studied
kinetic model could not fit with the experimental results for
adsorption of MB and AS(III) onto GO.

Second order kinetic model, which describe the chemical
adsorption is given by the following Eq. (3) [49].

dqt _

= k(a.-a) ©

where k, is the model constant (g/mg min). Eq. (3) could be
integrated at the border (g,=0to g,=q,att=0to t =) to be:

t 1 t

= +7
q, ka 4,

4)

The model variables were calculated from the plot
of t/q, with t. The plot showed a linear relation, and the
model parameters with the previous work are given in
Table 3.

The results of the studied kinetic model clarify that the
experimental results for adsorption of MB and AS(III) onto
GO could be described by kinetic model supporting chemical
adsorption. The sorption of MB and AS(III) could be favor-
ably described by the pseudo-second-order kinetic model.
This finding refers to the participation of chemical adsorp-
tion within the adsorption mechanism for MB and AS(III)
onto GO.

Elovich kinetic model was applied upon the results
to explain mainly the chemisorptions onto heteroge-
neous solid surfaces. The linearized form of Elovich model
Eq. (5) is [50]:

q, —[é}ln(aﬁ)-ﬁ—[éjlogt (5)

where a and 3 are model parameters representing the start-
ing sorption rate (g mg™ min?) and the leaching constant
(mg g min™), correspondingly. The model parameters were
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Table 3

Comparative study of adsorption parameters with previous kinetic data

Adsorption system Kinetic model Parameters References
k =1.718
Pseudo-first-order ! Present work
q,=0.607
K =218
MB-GO Pseudo-second-order 2 073 Present work
q4.= 4
=5.98
Elovich p Present work
a=8.72
=2.692
Pseudo-first-order k=269 Present work
q,=0.635
K =26.8
AS(IIT)-GO Pseudo-second-order 2 Present work
q.=2.121
=3.46
Elovich P Present work
a=721
MG-rGO Pseudo-first-order q,=0.467 [41]
MB-GO Pseudo-first-order q,=0.714 [43]
RR-rGO Pseudo-second-order gq,=0.032 [45]
ARS-GO Pseudo-second-order q,=0.089 [46]
MB-GO (glu-Starch) Pseudo-second-order q,=0.256 [47]

calculated from the linear fit of g, vs. log(t) plot, and the data
presented in Table 3.

The value Elovich constant a and (3 adsorption of MB
AS(III) onto GO refereeing to the effect of adsorbent dose and
the possibility of performing sorption-desorption regenera-
tion cycles of adsorbent. The value of correlation coefficient
(R) reflect a poor fit of Elovich model with the experimental
results.

It could be inferred that both chemical and surface
adsorption mechanisms are participating in the studied
systems.

Adsorption occurs frequently with the reverse desorp-
tion process, which demonstrates the transfer of sorbate ions
from the surface to the solution. Sorbent regeneration can be
measured better depending on the amount of orbit desorbed
from the adsorbent, changes in desorption, and also increases
in the sorbent’s renewal process (Mishra [51]; Peng et al. [52]).
There may be physical or chemical adsorption. This depends
on the type of adsorbent-adsorbent interaction. The increase
in sorbate quantity at the interface is due to non-specific van
der Waals forces in the case of physical adsorption. Chemical
adsorption (chemisorptions) is caused by chemical reactions
between the adsorbent and the sorbate which create ionic or
covalent bonds. The former is weakly reversible, general, its
thermal effect is low (kJ/mol units), while its energy varies
from tens to hundreds of kJ/mol (Virendra Singh et al. [53];
Tripathi and Ranjan [54]).

4. Conclusion

This research proved the hypothesis by effectively
demonstrating viable results using Saudi date pits as a
raw material for GO preparation to remove MB and arse-
nazo III dye from wastewater. GO derived from date pits
is now promised to be used as a potential adsorbent for

high-capacity organic dyes. The treated GO will be adopted
as a catalyst in this regard and the microwave will be used as
a source of irradiation. Using warm water (45°C) for 20 min,
the GO could be reused. Organic pollutants can be quickly
and completely degraded in a short time frame. His new
technology for wastewater treatment reveals many benefits,
such as full and rapid degradation, low cost, no intermedi-
ate products, and no secondary pollution.
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