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Abstract. Activated carbon is a material that has many benefits both in the health, energy such
as storage materials and fuel cells, and industrial sector. Highly benefit of carbon material
encourages researchers to activate it by various efficient methods. Activation carbon methods
consist of two, by chemical and physical activation. Using chemical compounds, both acids,
bases, and salts can increase carbon activity. Degradation of cellulose structure in natural
materials by chemical compounds can increase its surface area. However, the presence of
chemical compounds like acids and bases can pollute the environment. Another methods of
activation carbon is electromagnetic waves used. In this research, electromagnetic wave
irradiation will be carried out on carbon. The electromagnetic waves used gamma exposure
from °Co gamma sources. Gamma electromagnetic exposure is clean energy without residual
chemical compounds. This preliminary experiment aims to determine effect of ®°Co gamma
irradiation on the morphology of carbon materials at dose of 40 kGy using scanning electron-
energy dispersion spectroscopy microscopy (SEM-EDS). The results showed that effect of
irradiation exposure ®*Co gamma on the morphology of carbon/SLS was unsmooth particles
formation, which indicates that carbon/SLS can be used as adsorbent. Moreover, the presence
of surfactant causes the carbon particles not to agglomerate or to be easily dispersed. *°Co
gamma irradiation also causes carbon become rich in oxygen which comes from free radicals.

Keywords: Gamma, carbon, surfactant, irradiation

Article Info

Received 2™ April 2023

Accepted 21 September 2023

Published 20™ December 2023

Copyright Malaysian Journal of Microscopy (2023). All rights reserved.
ISSN: 1823-7010, eISSN: 2600-7444

15


mailto:*dhit001@brin.go.id

Dhita Ariyanti et al. Malaysian Journal of Microscopy Vol. 19, No. 2 (2023), Page 15-23

Introduction

Activated carbon is a functional material that has many advantages, such as energy
storage applications in batteries, supercapacitors, and fuel cells [1]. Activated carbon with high
electrical and optical thermal characteristics is used in biosensors and drug delivery systems in
medicine [2-3]. Carbon nanomaterials are also used for water treatment in removing heavy
metal ions, such as graphene or modified graphene [4].

Beside on previous experiments, carbon is a material from abundant renewable sources
and affordable exploration costs [5-10]. Various nanocarbons show good photoluminescence
stability, a large two-photon absorption area, and have good functionalization capabilities [11-
14]. In addition, nanoporous carbon derived from metal-organic frameworks (MOF) has a very
high surface area so that it can be applied for various purposes [15,16]. Moreover, nanoporous
carbon has well-controlled porosity, thermal and chemical stability, catalytic activity, and high
electrical conductivity [17]. Recently, MOF-based non-porous carbon was applied as a cation-
exchange membrane and a compatible nanofiller to prepare pervaporation membrane matrices
[18-21].

Carbon can be extracted from burning natural materials specially in agricultural waste,
such as bagasse, pineapple fruit biomass, various ores, coconut shells, etc. A known natural
method of making carbon from agricultural waste is wood burning, but this causes
environmental pollution due to carbon dioxide emissions [1]. There are several scientific
methods for converting biomass into carbon nanomaterials that can improve their structural
and functional properties [22]. Biological methods are also often used as methods for the
production of nanostructured carbon materials [23]. The process or conditions for nanocarbon
synthesis can be adjusted to the structure of the product to be produced, including pore size,
surface area, chemical composition, and functional groups [24-26]. For example, the reduction
of graphene nanosheets to graphene oxide was carried out using the Hammer method to obtain
high-purity, cost-effective, environmentally friendly, and efficient graphite [22].

Highly benefit of carbon material encourages researchers to activate it by various
efficient methods. The first step of making activated carbon from natural materials consists of
several methods, such as pyrolysis, hydrothermal, carbonization, and microwave [27-29]. The
second stage is the activation by chemical and physical activation. The use of several chemical
compounds, both acids, bases and salts can increase carbon activity. Degradation of cellulose
structure in natural materials by chemical compounds can increase its surface area. However,
the presence of chemical compounds like acids and bases can pollute the environment. The
physical activation method to degrade the cellulose structure is carried out by heating at high
temperatures. The consumed power is quite high, so that is less efficient for the activated
carbon synthesis method. Another physical activation method is electromagnetic waves used.
In this research, electromagnetic wave irradiation will be carried out on carbon. The
electromagnetic waves used gamma exposure from Cobalt-60 sources. Gamma exposure
electromagnetic is clean energy without residual chemical compounds.

This preliminary experiment aims to determine effect of °Co gamma irradiation on the
morphology of carbon materials at dose of 40 kGy using scanning electron-energy dispersion
spectroscopy microscopy (SEM-EDS). The carbon material is modified by sodium lauryl
sulfate which acts as surfactant. The purpose of sodium lauryl sulfate surfactant on carbon
materials is to increase the adsorption capacity of activated carbon [30-32].
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Materials and Methods
Synthesis Activated Carbon/SLS

Commercial carbon is washed by distilled water three times, then dried in oven at 90
°C for = 3 hours. Furthermore, carbon is added Sodium Lauryl Sulfate (SLS) 60 ppm as
surfactants, contacted or immersed for 4 hours [31]. The solution filtered to separate the filtrate
and residue. The residue in the form of SMC (surfactant modified carbon) will be irradiated.

Irradiation of Synthesis Activated Carbon/SLS

Synthesized SMC (surfactant modified carbon) material was irradiated by dose gamma
irradiation 40 kGy ®°Co at gamma irradiator facility, Polytechnic of Institute Nuclear
Technology, National Research and Innovation Agency Yogyakarta, Indonesia.

Characterization Techniques

Detection of surface SMC (surfactant modified carbon) morphology is used scanning
electron-energy dispersion spectroscopy microscopy (SEM-EDS) techniques Hitachi type
SU3500. Material preparation used gold coating 10 mA and 20 s, ion sputter Hitachi MC1000.
SEM Configuration Vacc 3 kV, SI 30%, apperture 3; adjustable magnification; low vacuum;
secondary electron detector EDS by configuration Vacc 5 kV and SI 70%.

Results and Discussion

Gamma radiation is one of electromagnetic wave type that could degrade carbon
structure into smaller size. Gamma radiation was used because of its efficient, fast, clean, user-
friendly, and well-controlled techniques for improving the properties of polymeric materials
for nuclear, construction, medical, and health-care in a variety of environments. Optimum dose
of gamma radiation for grafted on polymer was 1-30 kGy with a dose rate of about 1-3
kGy/hours. Figure 1 is an illustration of the gamma irradiation process on the polymer chain
[33]. Because of free radical production, carbon/SLS-irradiated ®®Co gamma is rich of oxygen
element, about 46% weight, that has lowest percentage error (5%).
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Figure 1: An illustration of processing gamma irradiation grafted on polymer chain [34].

Table 1 shows analysis of modified carbon materials using scanning electron-energy
dispersion spectroscopy microscopy (SEM-EDS) results. Commercial carbon has 56.1%
weight of carbon (C) and 43.9% oxygen (O). After addition of surfactant sodium lauryl
sulphate, analysis result of commercial carbon/SLS showed that the material contains

17



Dhita Ariyanti et al. Malaysian Journal of Microscopy Vol. 19, No. 2 (2023), Page 15-23

potassium (K) (Figure 2). The addition of SLS as surfactant or surface active agent or emulsifier
was able to control carbon particles. In solution, carbon was isotropic and thermodynamically
stable emulsions in liquid media. As a result, certain elements in the form of impurities trapped
in carbon can be dispersed out of the carbon bulk so that they can be detected. The oxygen
concentration on carbon/SLS-irradiated °Co gamma is the highest between commercial carbon
and carbon/SLS. This is result of treatment in the form of exposure to gamma radiation. Gamma
radiation causes free radicals such as OH® and H®.

Table 1: Analysis result of material carbon using EDS

Element % Weight %Error R A F
Commercial Carbon

C 56.1 53 0.9927 0.9213 1

0 43.9 8 1.0082 0.7437 1
Carbon/SLS

K 36 6.6 1.0952 1.1845 0.998

C 27 6 0.9832 0.8324 1

O 37 6,5 1 0.9998 1
Carbon/SLS-irradiated *Co gamma

K 31 6.4 1.0952 1.1845 0.9998

C 23 5.2 0.9832 0.8324 1

0 46 5 1 0.9999 1

Figure 2: Spectrum analysis of modified carbon materials using energy dispersion
spectroscopy (EDS) of (A) Commercial Carbon, (B) Carbon/SLS and (C) Carbon/SLS-
irradiated ®°Co gamma.
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Figure 3 shows morphology of modified carbon. Based on the SEM images in Figure
3, it can be seen that commercial carbon has chunks or bulk form.

Scanning Electron Microsco Energy Dispersion Spectrosco

BRIN GK 3.00kV 6 4mmix10.0k SE

Figure 3: Morphology of modificated carbon (A) Commercial Carbon, (B) Carbon/SLS and
(C) Carbon/SLS-irradiated *°Co gamma using scanning electron microscopy (SEM).
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After the addition of SLS surfactant, the carbon shape is smoother than commercial
carbon. Surfactan prevented agglomerated particles, so it appears to be slightly decomposed so
that the lumps will be smaller as shown in the table above. This is possible because surfactants,
apart from functioning as stabilizers in the formation of emulsions, will also coat the formed
particles so that it will limit bonding of the particles each other because surfactants have
hydrophilic and hydrophobic properties. The existence of these surfactant properties causes the
carbon particles that are formed not to agglomerate or easily dispersed. Carbon/SLS and
carbon/SL-irradiated *°Co gamma has unsmooth surface area, it indicates has good porous and
applicable for adsorption. Unsmooth surface area showed that it has more activated group. And
it provides more opportunity for adsorbate. In contrast to commercial carbon, which is in the
form of chunks and has less active sites, which means it is less applicable for absorption
treatment [35].

Conclusions

Based on experiment results, it can be concluded that the effect of irradiation exposure
%0Co gamma on the morphology of carbon/SLS is unsmooth particles formation, which
indicates that carbon/SLS can be used as adsorbent. Moreover, the presence of surfactant
causes the carbon particles not to agglomerate or to be easily dispersed. °Co gamma irradiation
also causes carbon to become rich in oxygen which comes from free radicals.
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