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Abstract
Dielectric barrier discharge technique (DBD) is a new methods for Received: 04 December 2020
plasma formation which can be used to enhance the oxidation state Accepted: 12 March 2021

of different materials. In this study, the probability of enhancing PR TR -2

the oxidation state of carbon-based (graphene oxide and
multi-walled carbon nanotube) and metal-based (nano-magnetite
and nano-alumina) precursors was investigated. In this way, the
oxidation state of the materials was evaluated by field emission
scanning electron microscopy (FE-SEM), energy dispersive

spectroscopy (EDS), Fourier-transform infrared spectroscopy (FT- Keywords:

IR), and ultraviolet-visible spectroscopy (UV-Vis) before and after Dielectric Barrier

the plasma process. In addition the dispersity of the nanoparticles Discharge,

in an agueous solution was investigated by zeta potential method. DBD, Graphene Oxide,
The obtained results revealed that after the plasma processing, the Carbon Nangtube,
weight percentage of oxygen element increased about 59% and NETEEGTEE,

33% for graphene oxide and carbon nanotube samples, Nanoalumina

respectively. However, the metal-based materials were not affected
by the plasma process. Indeed, depending on the type of produced
oxygen radicals in the plasma space, different groups such as
carboxylic acid, hydroxyl, lactone, and lactol groups can be
formed on the surface of the carbon-based materials which led to
the increasing of the oxidation state of the nanopatrticles.
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Figure 1. A schematic of the plasma production process by the dielectric barrier discharge method.
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Figure 2. FE-SEM images of (a and b) graphene oxide before and after of the process, (c and d) carbon nanotubes
before and after the process, (e and f) nanomagnetite before and after the process, and (g and h) nanoalumina
before and after the process.
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Figure 3. EDS results of (a and b) graphene oxide before and after of the process, (c and d) carbon nanotubes before and after the
process, (e and f) nanomagnetite before and after the process, and (g and h) nanoalumina before and after the process.
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Table 1. The average of quantitative results obtained from EDS analysis of the under-studied nanoparticles before
and after the plasma process at three different regions on the surface of the nanoparticles.

Samples Fe (%0Wt.) Al (%Wt.) C (%Wt.) ﬁ (%Wt.)

| Ol g 2

°)\ Graphene oxide before the process 75+2 25+1
3) Graphene oxide after the process = = 63+3 37+2
r% Carbon nanotubes before the process = = 92+2 8+1
“9' Carbon nanotubes after the process = = 89+4 11+£3
Nanomagnetite before the process 84+5 = = 16 +2

Nanomagnetite after the process 83+6 = = 17+4

Nanoalumina before the process = 65+5 = 3H+3

Nanoalumina after the process = 63+4 = 37+3
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Figure 4. FT-IR spectra of (a) graphene oxide, (b) carbon nanotubes, (c) nanomagnetite, and
(d) nanoalumina, before and after the process.
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Figure 4. FT-IR spectra of (a) graphene oxide, (b) carbon nanotubes, (¢) nanomagnetite, and
(d) nanoalumina, before and after the process.
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Figure 5. UV-Vis spectra of (a) graphene oxide, (b) carbon nanotubes, (c) nanomagnetite, and (d) nanoalumina, before
and after the process (the diagrams of the metal-based samples were drawn above each

other to better show the differences).
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Figure 6. Zeta potential results of (a) graphene oxide, (b) carbon nanotubes, (¢) nanomagnetite,
and (d) nanoalumina, before and after the process.
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