Egypt. J. Chem. Vol. 65, No. SI:13B pp. 691-698 (2022)

65

i

Egyptian Journal of Chemistry

http://ejchem.journals.ekb.eq/

%

Gamma Radiation Assisted Green Reduction of Graphene Oxide by

Doum Palm (Hyphaene Thebaica) Fruit Powder.
Eman O. Taha'"; H. A. Ashry?; H. Abdelsalam?; M. M. Atta?

petroleum Applications Department, Egyptian Petroleum Research Institute (EPRI), Cairo,
Egypt.
%Radiation Physics Department, National Center for Radiation Research and Technology (NCRRT), Egyptian
Atomic Energy Authority, Cairo, Egypt.
3Theoretical Physics Department, National Research Centre, Cairo, Egypt.

CrossMark

Abstract

Due to the wide range of graphene applications, there is still a need for a simple, low-cost, and scalable graphene synthesis
technique. This work describes a facile, cost-effective, and green method for reducing graphene oxide (GO) using doum palm
(Hyphaene thebaica) fruit powder. This method is based on the radiolysis of GO solution containing doum powder under y-
irradiation instead of alcohol essentially used in y- derived reduced GO. As a natural antioxidant, doum powder acts as a
scavenger to oxidative species produced during irradiation. Fourier transform infrared spectroscopy (FTIR) confirmed the
removal of most oxygen functional groups from GO and conjugation between doum and derived reduced graphene oxide
(DRRGO). From X-ray powder diffraction (XRD), the GO sharp peak disappeared and was replaced by a wide broad peak. X-
ray photoelectron spectroscopy (XPS) outcomes revealed an increase in the (C/O) ratio in DRRGO compared to GO. Also, the
C-C peak intensity ratio to the C-O peak intensity in the C1s region was increased from 0.58 in GO to 1.8 in DRRGO. The
higher defect level of DRRGO compared to GO was deduced by Raman spectroscopy. Furthermore, the reduction effect on
GO morphology was studied by High-resolution transmission electron microscopy (HRTEM) and Field emission scanning
electron microscopy (FESEM). The thermal stability of DRRGO was higher than that of GO, as revealed by
Thermogravimetric analysis (TGA). These findings illustrate that this method is promising for the eco-friendly and mass
production of nanoscale bio-synthesized oxides conjugated to reduced GO for biological applications.
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1. Introduction its easiness, large-scale production, and reliability

The stunning physical properties of graphene and
its derivatives made them widely used in many
industrial, medical, and environmental applications
[1-4]. Reduced graphene oxide (RGO) is one of the
graphene derivatives that have a great research
interest due to its excellent optical, electrical, and
chemical properties [5]. It has been used in huge
numbers of applications such as sensors [6],
supercapacitors [7], solar cells [8], drug delivery [9],
batteries [10], and biomedical [11]. The preparation
of RGO implies two steps: first, one converts
graphite to graphene oxide (GO) by strong oxidation
agents, then the second step is reduction GO [12].
There are different methods for graphene oxide (GO)
reduction such as chemical [13], radiation[14],
thermal [15], and electrochemical [16]. The chemical
reduction of GO is the most common method due to

[5]. Numerous reducing agents such as hydrazine
[17], sodium hydrosulfite [18], sodium borohydride
[19] were used for the chemical reduction of GO. The
usage of such toxic agents implies harmful effects on
the environment and in bio-applications such as drug
delivery [5, 20]. Moreover, creating C—N bonds in
RGO produced with hydrazine is difficult to
eliminate and restricts the restoration of sp2
conjugation. Additionally, microorganisms were
employed for reduced GO, but these reducing agents
cause contamination of produced reduced graphene;
thus, further washing and purification are needed
[21]. Thus, researchers recently have been focused on
developing green and cost-effective methods for
producing RGO.

Many researchers have investigated green
nanotechnology, which serves plant and plant
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extracts as a reducing agent to RGO preparation. In
typical reduction, the green reducing agent mixed
with GO aqueous solution then stirring or refluxing
of the mixture is maintained at controlled temperature
for certain times [22]. These methods is used to
RGO preparation with various plant extract such as
green tea [23], sugar cane juice[24], spinach[25],
pomegranate juice[26], cinnamon [27], curcumin
[28], Cherry [29], carrot roots[30], and
Chrysanthemum[31]. Also, Azadirachta indica leaves
and garlic were used for the green reduction of GO
with the assistance of microwave and heating
techniques [32, 33]. Doum palm (Hyphaene
thebaica) is a desert palm native to the Nile valley,
commonly called “African doum palm” [34]. The
plant has brown ellipsoid fruits rich in polyphenolic
compounds and antioxidants [35]. Doum fruit
contains various nutritional compounds such as
proteins, essential oils, carbohydrates, flavonoids,
coumarins, hydroxycinnamates, and saponins.

The y- Ray was used as a cheap and clean tool for
GO reduction. It implies a reduction of GO in the
solution mixture containing water and alcohol. The
irradiation causes water radiolysis and produces
oxidative and reductive species. The addition of
alcohol as a scavenger of oxidative species while
reductive species reduce is reported to be essential [7,
14, 36]. So it can deduce that GO reduction via vy -
rays can’t happen without alcohol.

In the present work, Doum fruit powder is used as
a reducing agent for GO under gamma irradiation.
The proposed reduction mechanism uses the Doum
fruit powder as a natural antioxidant instead of
alcohol used for scavenging the oxidative species
produced upon v- radiolysis of GO solution and
permits the reductive species to reduce GO. The
successful reduction process was verified via
different characterization techniques.

2. Materials and Methods:

2.1. Materials:

Merck, Germany, supplied graphite with a
thickness of around 50 pum. HSO4, H3POs (85%),
and hydrazine hydrate were purchased from Sigma-
Aldrich in the United States. EI Nasr Pharmaceutical
chemicals Company, Egypt, provided KMnOa, H,0,,
ethanol, and HCI. A local retailer provided the doum
fruit powder.

2.2. Synthesis of Graphene Oxide:

The improved hummer method was employed for
graphene oxide (GO) preparation [37].

Briefly, H,SO4 and H3PO4 (3:1) were mixed in an
ice bath with 1 gm of graphite. The mixture was
progressively supplemented with 6 gm of KMnO4
while being stirred constantly for around 24 hours at
a warm temperature. Deionized water was then added
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to the mixture. Observed by one, the color of the
mixture changed from dark green to dark brown. 30
mL of H20- solution was added to stop the oxidation
process. After that, an aqueous HCI solution and
deionized water were used to rinse the magnetic
graphite oxide until the pH reached 3.

2.3. Synthesis of Doum Radiation Reduced
Graphene Oxide (DRRGO):

The doum fruit was ground and washed with
distilled water. GO (100 mg) dissolved in 100ml
distilled water and then the solution was sonicated for
about 30 minutes. Then 100 mg of doum powder
was added to the GO solution, and further sonicated
for 5 minutes. Then the mixture was irradiated with
80 kGy of vy -rays, the dose rate was = 1 kGy hl. A
80Co source at the National Center for Radiation
Researches and Technology (NCRRT), Egyptian
Atomic Energy Authority (EAEA), was used.

After the irradiation process, the GO solution
turned brown into black, which endorses GO
reduction. The derived complexes were precipitated
and washed with distilled water. The derived sample
was labeled as DRRGO. The schematic
representation of DRRGO synthesis is given in Fig.1

Graphite Graphene Oxide
— \ 3 §
B ) ‘ Rt
be-. m“ Doum Palm Fruit
e P \‘
Reduced Graphene Oxide ) 4
e 8 = )‘{/‘[ﬂﬁf %‘

Fig.1. the schematic representation for the synthesis of Doum
radiation reduced graphene oxide.

2.4 Characterization Techniques:

GO and DRRGO were studied using an X-ray
diffractometer (XRD, Shimadzu) with CuK radiation
(= 1.5405A°). 40 kV of generator voltage and 30 mA
of generator current were used in this experiment.
The scan speed was set to 80 minutes, and the scan
mode was continuous. The measurements were taken
across the range of 4 to 80 degrees. Fourier
Transform Infrared Spectroscopy (FT-IR) examines
the samples' chemical structure (Shimadzu Prestige-
21 spectrophotometer). It was in this range that the
FT-IR spectra were collected.
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Using a Field Emission Scanning Electron
Microscope, the surface morphology is investigated
(FESEM Sigma 300 VP, Carl Zeiss, Germany). For
the jeol-jem2100 High-Resolution Transmission
Electron Microscope (HRTEM, the operating voltage
was 200 kV). Thermogravimetric Analysis (TGA;
Shimadzu -50) was used to assess the thermal
stability of GO and DRRGO in the range of 25-500
°C. Under a nitrogen environment, the heating rate
was 10 °C minl. Analysis of materials' structural
flaws 1 at room temperature in the range of 200-2500
cmt was performed using a Raman spectroscope with
a Nd:Yag laser excitation source (532). The XPS
equipment from Thermo Fisher ESCALAB 250i was
used to analyze the chemical states of the constituent
constituents of GO and DRRGO.

3. Results and Discussion:

FTIR spectroscopy was used to study the variation

of functional groups of studied samples, which helps
in the reduction verification of GO. Fig.2 represents
the FTIR spectra of doum palm fruit, GO, and
DRRGO samples. Doum palm fruit powder shows
bands at 3310 and 2977 cm™* corresponding to OH of
water molecules. Also, the bands located in the range
1000-1300 cm attributed to C-OH stretching and
OH bending vibrations. The band at 1634 cm is due
to C=C stretching vibrations [38].
GO shows various oxygen functional groups were
detected in the FTIR spectrum. The strong broadband
at 3190 cm is attributed to O-H vibrations. Also, the
stretching vibrations of C=0O were detected at
1721cm, C-OH at 1390cm™?, C-O at 1229, and 1056
cmt. The vibration of C=C at 1621cm™ was detected
[39, 40]. Most GO bands showed severe intensity
reduction, which advocates the effective reduction in
DRRGO. While the new bands formed at 2977, 2891,
1466, 1383, 1250, 1155, and 1076 cm® DRRGO
attributed to doum palm fruit powder [38].

XRD was utilized to study the structural changes
in samples and confirmation the reduction process of
GO.

Fig. 3 depicts the XRD patterns of DRRGO and GO
compounds. The (001) reflection plane of stacked
graphite planes rich in oxygen groups is visible in the
XRD pattern of the GO material, with distinctive
diffraction peaks at 9.6° and a d-value of 9.2 A. As
shown in the DRRGO XRD pattern, a large broad
peak at 23.7° is observed for the GO diffraction peak,
demonstrating that DRRGO has a poorly ordered
structure along the stacking direction and serves as a
direct confirmation of successful GO reduction [21,
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41]. Another weak peak at 11.4° in DRRGO indicates
the presence of unreduced graphene oxide phases.
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Fig.2. FTIR Spectra of Doum, GO, and DRRGO samples
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Fig.3. XRD of GO and DRRGO.

Raman spectroscopy is a well-reputed technique to
study carbon-based materials’ structural defects.
Thus, Raman spectroscopy was utilized to study the
structural defects of GO and DRRGO, and the results
are sketched in Fig. 4 [31]. The GO spectrum
represents two well-known bands: D at 1335 cm* and
G at 1579 cm®. The G band characterizes the
crystalline graphite with E2g zone center mode, but
the D band describes the broken symmetry at edges
or defects in the sample [42]. DRRGO has the same
band with nearly the same position. But the relative
increase of the D band to G band was observed,
representing affective disorders compared to GO
[43].

The graphitic materials' ratio of D to G bands
intensities (ID/IG) is frequently used to measure their
defects [44]. The calculated ID /IG equals 1.1 for
DRRGO is higher than GO, which equals 0.9. This
indicates a higher defect level of DRRGO and
successful reduction, which is consistent with other
reports [45].

The higher defects level in graphite causes
broadening of the G and D bands and increased



694

relative intensity of the D band compared to the G
band. Thus based on this quarrel & the detected
narrower D and G bands of GO, it could be predicted
that GO has more a regular and ordered structure than
DRRGO [42].
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Fig.4. Raman spectra of GO and DRRGO.

X-ray Photoelectron Spectroscopy (XPS) is
considered as the most important apparatus for an
accurate evaluation of GO reduction energies of
287.1, 284.93, 285.33, 288.31 eV represent the C-O
(33.9 at.%), C-C (31.12 at.%). Thus, XPS was used to
evaluate the chemical composition of GO and
DRRGO. The survey scan of GO and DRRGO
revealed the dominant presence of carbon and oxygen
in both samples with traces from nitrogen and sulfur,
as shown in Fig.5 [46].

As shown in Fig. 6, the de-convoluted C1s peaks
with binding C-HO (19.95 at.%) and C=0 (5.03 at.%)
of GO, respectively. In contrast, the reduction in
DRRGO led to the dominance of C-C bonding.
Further additional peaks observed at 286.08 eV,
288.1 eV and 289.0 eV represent C-O (3.65 at.%)
,C=0 (2.73 at%) and C-O-OH (1.77 at.%)
respectively. The C-C peak intensity to intensity of
C-0O peak was increased from 0.58 in GO to 1.8 in
DRRGO, confirming the successful reduction by
doum palm fruit [22].

As shown in Fig.7, the O1s peak of GO was de-
convoluted into three sections with binding energies
of 532.03, 533.04, and 534.12 eV, which characterize
C=0, C-0, and C-OH groups, respectively. These
peaks were shifted to smaller binding energies to
531.8, 532.8, and 534.12 eV in DDRGO [47]. This
means a larger electronic charge in oxygen atoms.
Furthermore, DRRGO displays a decreasing intensity
of C-O and C=0 peaks compared to GO revealing the
removal of such oxygen groups and successful
reduction of GO[21].

Although some oxygen-containing functional
groups peaks remain, this could be due to the
absorbed biomolecule of doum palm fruit on the
DDRGO surface[32].

The Field Emission Scanning Electron Microscope
(FESEM) was used to differentiate the surface
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morphology of GO and DRRGO. As represented in
Fig.8, GO exhibits a smooth structure with crimpy
sheets. The DRRGO sheets were restacked and
fractured upon reduction caused by self-assembly via
Van der Waals’ forces [31].
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Fig.5. XPS survey scan of GO and DRRGO.

The High-Resolution Transmission Electron
Microscope (HRTEM) was employed to study the
reduction process on the surface morphology of GO.
As shown in Fig.9, soft and transparent sheets of GO
with limited crinkles have been exfoliated into
several layers consistent with the former work [48].
The GRGO exhibited crinkly morphology and folded
appearance upon reduction, confirming that the
reduction process agrees with Raman's findings and
the literature [31].

Thermogravimetric analysis was done for
differentiating between the thermal behavior of GO
and DRRGO, which is further beneficial for the
reduction confirmation. TGA curves of GO and
DRRGO are presented in Fig.10. The TGA curve of
GO demonstrates three distinctive temperature spans.
In the first one (from ambient up to 150 °C), the
thermal degradation occurred due to adsorbed water,
gas molecules, and loosely bonded. The second one
(150 — 200 °C) is produced by the falloff of labile
oxygen groups (anhydride, carboxylic, or lactone
groups). The last one (284-600 °C) is ascribed to
more thermally-stable oxygen functionalities [49].
Compared with GO, the DRRGO shows improved
thermal stability, especially in the first two thermal
degradation regions. The DRRGO exhibited weight
loss of less than 12 % in the first region compared to
nearly 18 % of GO. Also, the DDRO exhibited
weight loss of 16 % and 21 % at the second and
third weight loss regions, respectively, compared to
28 % and 7 % of GO. While the residual weights of
GO and DRRGO were 44 and 46%, respectively [49].
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Fig.10: TGA curves for GO and DRRGO.

4. Conclusion

A novel reduction method for synthesizing
reduced graphene oxide using Doum palm fruit
powder is described. In this method, the radiolysis of
GO solution induced by y-rays produces oxidative
and reductive species. Doum palm fruit powder as a
natural antioxidant is used as a scavenger for
oxidative species in the system, leading to GO
reduction. The successful reduction process was
verified with different characterization techniques.
The FTIR technique confirms the removal of oxygen
functional groups from GO. Replacing the high-
intensity XRD peak of GO with the abroad peak at
23.7° was further proof of reduction. The C-O
bonding dominancy in GO compared to dominant C-
C bonding in DRRGO was observed from XPS. The
C-C peak intensity ratio to that of the C-O peak
increased from 0.58 in GO to 1.8 in DRRGO,
confirming the successful reduction by doum palm
fruit.

Furthermore, DRRGO crinkly and folded
morphology compared to the soft sheets of GO was
observed by HRTEM. The soft structure of GO
sheets compared with fractured DRRGO sheets was
also observed by FESEM. Increased thermal stability
of DRRGO compared with GO was recorded by
TGA. These findings endorse using the y-ray
technique with the assistance of doum palm fruit as
the green antioxidant as an efficient and eco-friendly
method for GO reduction.
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