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ABSTRACT

Banana peel is biomass that can be converted into activated carbon. Changing activated carbon from
banana peel biomass would eventually become an innovation, bringing biomass to prominence as a new
and renewable energy source. Electromagnetic waves are another approach for activating carbon. Gamma
irradiation functions as an ionization agent or initiator, resulting in the production of free radicals. Gam-
ma electromagnetic exposure provides clean energy with no production of chemical components. The
purpose of this experiment was to investigate the effect of ®°Co gamma irradiation on the chemical func-
tional group, surface area, diameter porous formation, and morphology of carbon at 10 to 50 kGy gamma
radiation exposure using FTIR, BET, and SEM instrumentation. The results revealed that modification of
activated carbon by irradiation and surfactant has a substantial effect on the formation of diameter pores,
functional group formation, and porosity structure. The result showed that gamma irradiation exposure
significantly affected pore distribution formation on activated carbon because of cellulose decomposition.
Gamma irradiation treatment with optimum doses of 30 and 40 kGy on AC/SLS increased the adsorption
capacity of Pb*" to 54.31% and 52.67% compared to AC/SLS without irradiation at 41.65%.

Keywords: biomass, activated carbon, surface area, functional groups, adsorption.

INTRODUCTION

Agricultural biomass containing cellulose has
good homogeneity with strong acids. Hydrolysis
can reduce xylan and degrade complex structures.
Most acid compounds are capable of converting
cellulose crystals into amorphous ones, including
HCI and H,PO, which can remove lignin to acti-
vate symmetrical pores. Impregnation with nitric
acid can improve the physical properties of acti-
vated carbon [1-3]. K,CO, has been proven effec-
tive as an activator for agricultural biomass pre-
cursors. Carbon is a useful material with numerous
benefits, including energy storage applications in
batteries, supercapacitors, fuel cells, biosensors,
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and drug delivery systems in medicine [1, 2]. Car-
bon nanomaterials, such as graphene and modi-
fied graphene, are also used in water treatment to
remove heavy metal ions [3, 4]. On the basis of
prior experiments, carbon is a material derived
from abundant renewable sources with low ex-
ploration costs [5—8]. Various nanocarbons have
excellent photoluminescence stability, a broad
two-photon absorption area, and functionaliza-
tion capabilities [9—11]. Furthermore, nanoporous
carbon generated from metal-organic frameworks
(MOFs) has a very large surface area, allowing
it to be used for a variety of applications, includ-
ing a cation-exchange membrane and a suitable
nanofiller for pervaporation membrane matrices
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[12-16]. The significant benefit of carbon mate-
rial motivates researchers to use it in a variety of
efficient applications. Meanwhile, carbon must be
activated in order to boost its performance. The
surface of activated carbon had a large number of
active functional sites. Because activated carbon
has superior properties to unactivated carbon, it is
widely prepared. Better characteristics include in-
creased surface area, well-developed pore shape,
superior thermal, adsorption capacity, electrical,
and optical properties [15-17].

Activated carbon materials are made using
a variety of techniques, including carbonization,
hydrothermal processing, pyrolysis, and micro-
wave [17-19]. The activation by chemical and
physical substance is the following stage. Car-
bon activity can be raised by utilizing a variety
of chemical substances, such as bases, acids, and
salts [19-21]. There are flaws in both approaches.
When using the physical activation approach, a
significant amount of energy is needed to activate
the process. Meanwhile, residual strong acids
and bases from the chemical activation process
remain present and have an effect on pollution in
the environment [19, 20].

In addition to the use of strong acids and bases,
surfactants can be used to activate carbon. Surfac-
tants created more active spots on the surface of
carbon. In this study, surfactants were applied to
the carbon surface to generate SMAC (surfactants
modified activated carbon). Gamma irradiation at
a specific dose on the material can cause cross-
linking. Gamma radiation is electromagnetic ra-
diation produced when unstable atomic nuclei
lose energy. Gamma induction initiates the pro-
cess of chain cross-linking and chain breaking in
the polymer matrix. The polymers that are cross-
linked can tolerate high-energy gamma radiation
at specific doses (1-10 kGy) [47]. Furthermore,
cross-linked polymers have excellent qualities,
including resilience to high temperatures. In addi-
tion to being heat resistant, polymer grafting and
composites with gamma radiation induction have
good mechanical, thermomechanical, and physio-
chemical properties [48].

Gamma irradiation of carbon has an influence
on both pore and tensile strength [23]. Gamma ir-
radiation of activated carbon was used in treating
polymeric materials for high-performance appli-
cations [24, 25]. Previous study has suggested
that gamma irradiation exposure can be utilized
as a modified way to increase carbon perfor-
mance. Velo Gala ef al. used gamma to irradiate

activated carbon, and the results revealed that sur-
face carbon hybridization shifted from sp® to sp?
[43]. Terawneh et al. found that gamma irradia-
tion improved the mechanical, thermal, and con-
ductivity properties of hybrid carbon nanotubes/
montmorillonite nanocomposites [44]. Annisa et
al. studied the surface modification of nanopo-
rous carbon using gamma irradiation treatment
as a supercapacitor material; the results revealed
that after irradiation, oxygen functional groups
increased and reached an optimal point at a ra-
diation dose of 25 kGy [45]. Degradation of cel-
lulose uses the gamma irradiation mechanism re-
action when it contact with the material occurs
in two stages. The first stage is the induced ion-
ization process. Temperature of water sample and
the humidity of irradiator was about 25.85 °C and
77%. This stage involves the breakage of cova-
lent bonds, which decompose into free radicals.
The second stage corresponds to the generated
ions that cause chemical interactions between the
molecules at varying concentrations. The degra-
dation of gamma irradiation exposure impacts
pore formation [36, 42]. From previous work,
changing the properties of biomass by different
technology used microwave-assisted catalytic py-
rolysis of Albizia Branches and Albizia Tree [49,
50]. The novelty in this work is integration of
gamma irradiation and surfactant used to change
the properties of biomass. The reason of gamma
irradiation used because of clean energy, low
power, low temperature needed, and no chemical
residue release on environmental.

In this study, activated carbon (AC) from ba-
nana peel was treated using a surfactant (sodium
lauryl sulfate, SLS) and gamma irradiation expo-
sure from “°Co. The goal of this study is to under-
stand how gamma irradiation, as an activator, af-
fects the properties of modified activated carbon.
The effect of gamma irradiation exposure was
determined using statistical methodologies based
on carbon morphological properties.

MATERIALS AND METHODS

Activated carbon material preparation

The approach for altering activated carbon
began by cutting banana peel into pieces, which
were then sun-dried until dry. The banana peel was
then carbonized at 400 °C until carbon was cre-
ated, which produces smoke. Then it was chilled
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in a desiccator, with banana peel being crushed
beforehand first. After mashing, it was treated
with a salt activator. The activator used was NaCl
60% Merck p.a. Following that, it was allowed to
soak for 24 hours. Activated carbon from banana
peel was rinsed with distilled water three times
before being dried in the oven at 90 °C for £+ 3
hours to reduce humidity and dry the carbon. If
the carbon is still damp, it can increase the oven
processing time. Furthermore, carbon was treated
with 60 ppm sodium lauryl sulfate (SLS) Merck
p.a. as surfactants and immersed for 4 hours [17,
18]. The solution was filtered to separate the fil-
trate from the residue. The residue, in the form of
SMAC (surfactant-modified activated carbon) or
AC/SLS, would be irradiated. The prepared AC/
SLS was placed in various bottles.

Irradiation of AC/SLS with °Co Gamma
Exposure

The synthesized AC/SLS material was bom-
barded with gamma radiation doses ranging from
10 to 50 kGy *°Co in a gamma irradiator facility
at the Polytechnic Institute of Nuclear Technol-
ogy, National Research and Innovation Agency
Yogyakarta in Indonesia. The sample was placed
in a sample holder and irradiated with gamma
rays. The dose rate for gamma irradiation was 2.2
kGy/h. Thus, to obtain the requisite dose range
of 10 to 50 kGy, it must be irradiated at a real-
time rate. When the prescribed gamma irradiation
dose was reached, the alarm would alert automat-
ically. The specification of Gamma Irradiator is
Category I. Gamma irradiators use a radioactive
Cobalt-60 source with an energy of 1.17 MeV to
1.33 MeV and a decay time of 5.27 years.

Characterization of carbon material
techniques

The functional groups of AC modification
were identified using Fourier transform infra-
red (FTIR) at wavenumber 4000—400 cm™ on a
Thermo Scientific Nicolet iIS10 in Waltham, MA,
USA. The morphological material was examined
using a scanning electron microscope (SEM)
JEOL JSM-6510LA, Tokyo, Japan, with a volt-
age of 15 kV. N, sorption analysis was performed
on the material pores and surface area utilizing
a NOVA 2000 analyzer Brunaeur Emmet Teller
(BET) QuanDiscussiontachrome Inc., Boynton
Beach, Florida, USA. The description of BET
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meassurement was outgas time: 5.0 hrs; analysis
time: 89.5 min; outgas temp: 150.0 C; bath temp:
273.0 K; molec. weight: 28.013; cross section:
16.200 A2; and liquid density: 0.808 g/cc.

Mechanism of Pb?* adsorption

Filtrate solution from adsorption was pipetted
in an amount of 5 ml and placed into a 50 ml mea-
suring flask. Dithizone complexing solution and
KCN solution were added and the pH of the solu-
tion was adjusted by adding NaOH solution. The
absorbance of the sample solution was measured
at the maximum wavelength. The concentration
of Pb?" in the adsorption filtrate was determined
by interpolation into the standard curve or by a
linear equation using UV-Visible Spectophotom-
etry. All the reagents used were Merck p.a.

RESULTS AND DISCUSSION

Chemical functional group of activated
carbon by FTIR (fourier transform infrared
spectroscopy)

Chemical functional groups were identified
using the FTIR method. Figure 1 and Table 1
show the FTIR spectra of activated carbon (AC)
from banana peel, non-irradiated surfactant mod-
ified carbon (AC/SLS), and irradiated carbon/
SLS at various gamma doses. Activated car-
bon materials can be discovered at peaks about
972.71,1370.64, 1480.45, 2343.34, 2989.44, and
3201.96 cm™!, representing C-O stretching, C-H
bending, C=0 stretching, C-H stretching, and
O-H stretching [26].

Unirradiated AC/SLS showed peaks at wave-
numbers 974.13, 1362.08, 1480.45, 2359.03,
2990.87, and 3209.09 cm™'. The pattern of AC/
SLS is similar to that of AC, with an increase in
O-H stretching and C-H bending. However, the
intensity of the AC/SLS peak at 1362.08 cm™!
suggests that C-H bending is sharper than AC.
It happened because SLS existed and had C-H
bonding. The functional group of O-H stretching
is at around 3250-3500 cm™! [27]. In this region,
the peak of irradiated AC/SLS gradually decreas-
es. This suggests that when the gamma irradia-
tion dose increases, the functional group of O-H
stretching reduces correspondingly.

Table 1 shows that a higher dosage of gam-
ma irradiation leads to a higher normalized
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Figure 1. FTIR spectra of from banana peel activated carbon (AC); nonirradiated surfactant modified carbon
(AC/SLS); and irradiated AC/SLS at 10 kGy (AC/SLS-1), 20 kGy (AC/SLS-2), 30 kGy (AC/SLS-3), 40 kGy
(AC/SLS-4), and 50 kGy (AC/SLS-5)

Table 1. Chemical functional groups of activated carbon materials

Wavenumber, cm™ (Normalized Transmittance)
Functional group
AC AC/SLS | AC/SLS-1| AC/SLS-2 | AC/SLS-3 | AC/SLS-4 | AC/SLS-5

C-O stretching 972.71 974.13 976.98 976.98 972.71 952.74 955.59
995-905 [26] (25.91) (23.52) (21.16) (28.04) (28.62) (40.57) (45.71)
Skeletal C-C vibrations 1132.45 1132.45 1131.02 1131.02 1128.17 1123.89 1125.32
700-1300 [28] (26.52) (23.00) (21.47) (28.98) (30.05) (43.50) (48.18)
C-H bending 1370.64 1362.08 1354.95 1352.10 1362.08 1374.92 1374.92
1365-1380 [26] (26.37) (19.22) (19.19) (27.74) (27.46) (44.07) (50.01)
C=0 stretching 2360.46 2359.04
2360-1910 [29, 30] (56.57) (60.29)
C—H stretching 2989.44 2990.87 2995.15 2996.57 2993.72 2993.72 2993.72
2960-2850 [26] (37.08) (34.41) (33.26) (43.75) (48.18) (63.71) (69.53)
O-H stretching 3201.96 3209.09 3203.38 3203.38 3203.38 3203.38 3203.38
3250-3500 [27] (34.89) (32.64) (35.09) (45.45) (50.12) (65.55) (71.74)

transmittance. AC/SLS irradiated at 10, 20, 30,
40, and 50 kGy resulted in increased transmit-
tance O-H stretching (34.89; 32.64; 35.09; 45.45;
50.12; 65.55; and 71.74 a.u.). This condition oc-
curs when the amount of functional O-H is low-
ered. This finding is consistent with prior research
into the effects of gamma irradiation on certain
materials. Phonlam et al. (2023) reported that
peak characteristics reduce oxygen moieties due
to radical production. The creation of OHe and
He in this material system could be due to an in-
teraction with the surface of carbon [24].
Stretching of the functional group C=0O oc-
curs between 2360 and 1910 cm™ [29, 30]. The
AC pattern is identical to both unirradiated AC/
SLS and irradiated AC/SLS at 10, 20, and 30
kGy. There is no prominent peak in this region.
AC/SLS-4 and AC/SLS-5 have particular peaks
at 2360.46 and 2359.04 cm’', respectively. In

this scenario, a prior study by Walo et al. (2018)
showed that the effect of gamma irradiation on
particular materials can increase the quantity of
bonding formation between oxygen and carbon
due to radicals. A similar observation was made
in this material system, which could be because
it reacted with the surface of carbon via double
bonding [24, 31].

This revealed that the lower intensity of
O-H in 3250-3500 cm™' was due to radical OHe
and He forming a carbon-oxygen double bond.
The functional group C-H bends at 1365-1380
cm™'. AC/SLS has a sharper peak intensity than
the others. It happened because sodium lauryl
sulfate was present in the systems. SLS has a
methyl (-CH,) and eleven -CH,-s, implying that
it contributes to higher C-H bending intensity. In
comparison to AC/SLS, irradiated AC/SLS has a
lower intensity at any gamma dose. It confirmed
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Table 2. Accumulated table of effect gamma dose irradiation on the functional group of activated carbon

Sample Functional group from FTIR
AC No functional of C=0, high intensity of O-H and C-H

AC/SLS No functional of C=0, highest intensity of O-H and C-H
AC/SLS-1 No functional of C=0, higher dose gamma irradiation, lower intensity of O-H and C-H
AC/SLS-2 No functional of C=0, higher dose gamma irradiation, lower intensity of O-H and C-H
AC/SLS-3 No functional of C=0, higher dose gamma irradiation, lower intensity of O-H and C-H
AC/SLS-4 Group C=0, higher dose gamma irradiation, lower intensity of O-H
AC/SLS-5 Group C=0, lowest intensity of O-H and C-H

previous statements by Walo et al. (2018), An-
tonangelo et al. (2019), and Phonlam et al
(2023) on the formation of OH and H radicals.
Similar to the decrease in intensity on the func-
tional group of O-H stretching, decreased C-H
bending is caused by radical hydrogen produc-
tion [24, 26, 31]. Finally, C-C vibrations range
from 700-1300 cm™'. The peak in this location
is overcrowded due to the high concentration of
C-C vibrations in the sample. Activated carbon is
made up of numerous heterocyclic rings that are
interconnected (Figure 5) [32]. Table 2 resumed
effect of gamma irradiation dose on functional
group of AC/SLS. FTIR analysis indicates that
gamma dose irradiation impacted the reducing
O-H and C-H bending functional groups by radi-
cal production (OHe and He). Gamma dose irra-
diation increased the strength of the C=0 stretch-
ing peak (2360-1910 cm ™).

According to a previous study, Antonangelo
et al. (2019) discovered that this rising peak oc-
curred as a result of the formation of oxygen and
the surface of carbon via double bonding (C=0).
Table 3 displays an accumulated table show-
ing the effect of gamma dose irradiation on the
chemical functional groups or bonds of activated
carbon compounds.

Surface area of activated carbon material
through Brunaeur Emmet Teller

Figure 2 depicts a graph of textural features,
focusing on the adsorption isotherms of carbon
materials. Activated carbon (AC) from banana peel
curve ascended steadily as the relative pressure (P/
Po) increased. According to [UPAC 1985, this iso-
therm curve may be associated with type I, physi-
cal absorption isotherm. The definition of type II
physical absorption is gas adsorption using macro-
porous AC from banana peel as an adsorbent. This
type of physical absorption suggests that monolay-
er-multilayer occurs up to a reasonably high pres-
sure, with multilayer thickness increasing until the
relative pressure (P/Po) equals one [33].

This trend was also observed on irradiated
AC/SLS 30 kGy (AC/SLS-3) and 40 kGy (AC/
SLS-4). According to the ITUPAC 1985 physical
absorption isotherm division, unirradiated AC/
SLS, irradiation AC/SLS 10 kGy (AC/SLS-1),
irradiated AC/SLS 20 kGy (AC/SLS-2), and ir-
radiated AC/SLS 50 kGy (AC/SLS-5) increase
according to relative pressure (P/Po). This shows
that the materials (unirradiated AC/SLS, irradi-
ated AC/SLS 10 kGy (AC/SLS-1), irradiated AC/
SLS 20 kGy (AC/SLS-2), and irradiated AC/SLS

Table 3. Accumulated table of effect gamma dose irradiation on chemical functional groups or bond of activated

carbon materials

Functional group

Disscussion about effect gamma dose irradiation on chemical functional groups

C-0 stretching [26]
ing, not single bonding

In higher dose of gamma irradiation, the functional group of C-O stretching didn’t significantly
affect on intensity. The formation of oxygen on surface of carbon via tends to be double bond-

Skeletal C-C vibrations [28]

In higher dose of gamma irradiation, the functional group of C-C vibrations didn’t significantly
affect on intensity, because there are many C—C heterocyclic rings that are connected to each

other in activated carbon systems

C=0 stretching [29,30]

In a higher dose of gamma irradiation, the functional group of C=0 stretching increases propor-
tionally because of the formation of oxygen and the surface of carbon via double bonding

C—H stretching [26]

In a higher dose of gamma irradiation, the functional group of C—H stretching decreases propor-
tionally because of radical OH* and H* formation

O-H stretching [27]

In a higher dose of gamma irradiation, the functional group of O—H stretching decreases propor-
tionally because of radical OH*® and H* formation
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Figure 2. N2 adsorption isotherms at -196.15°C of activated carbon (AC) from banana peel; nonirradiated
surfactant modified carbon (AC/SLS); and irradiated AC/SLS at 10 kGy (AC/SLS-1), 20 kGy (AC/SLS-2), 30
kGy (AC/SLS-3), 40 kGy (AC/SLS-4), and 50 kGy (AC/SLS-5)

50 kGy (AC/SLS-5) are Type 1. Type I materials
have a broader pore size distribution, including
micropores and narrow mesopores [22].

The surface area (SA) graph is shown in Figure
3 and detailed in Table 4. As illustrated in Figure
3, the BET surface area of activated carbon (AC)
from banana peel, unirradiated AC/SLS, and ir-
radiated AC/SLS 10 to 50 kGy (AC/SLS-1 to AC/
SLS-5) ranges from 7.18 to 41.26 m?/g. Carbon/
SLS had the maximum surface area (41.26 m?/g).
After gamma irradiation, the maximum surface
areas irradiated with AC/SLS 30 kGy (AC/SLS-
3) and 40 kGy (AC/SLS-4) are approximately
33.82 and 37.49 m?/g, respectively. Similar to the

preceding explanation, Negara et al. (2020) said
that a larger BET surface area (m?/g) results in the
same sort of physisorption isotherm.

While irradiated AC/SLS at 10 kGy (AC/
SLS-1), 20 kGy (AC/SLS-2), and 50 kGy (AC/
SLS-5) showed similar physical absorption iso-
therms. According to the experimental results, the
curve of irradiated AC/SLS at 10 kGy (AC/SLS-
1), 20 kGy (AC/SLS-2), and 50 kGy (AC/SLS-
5) increased along with relative pressure (P/Po).
The physisorption isotherm pattern is classified
as Type I according to the 1985 IUPAC division.
According to the criteria of Type I, irradiated AC/
SLS at 10 kGy (AC/SLS-1), 20 kGy (AC/SLS-2),

41.26

BET Surface Area (m?%/g)
[}

AC

AC/SLS AC/SLS-1 AC/SLS-2 AC/SLS-3 AC/SLS-4 AC/SLS-5

Carbon Materials

Figure 3. BET surface area (m?%g) of carbon materials
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Table 4. BET surface area of carbon materials

Sample Dose gamma irradiation BET surface area (m?/g)
AC 0 kGy 35.70
AC/SLS 0 kGy 41.26
AC/SLS-1 10 kGy 10.18
AC/SLS-2 20 kGy 8.203
AC/SLS-3 30 kGy 33.82
AC/SLS-4 40 kGy 37.49
AC/SLS-5 50 kGy 7.18

and 50 kGy (AC/SLS-5) has a greater range of
pore size distribution, including larger micro-
pores and possibly narrow mesopores (< 2.5 nm)
[34]. Because of the presence of surfactants, un-
irradiated AC/SLS has the largest surface area.
Surfactants are chemical compounds that prevent
particle aggregation. Because surfactants, in ad-
dition to acting as stabilizers in the production
of emulsions, coat the produced particles, they
limit particle bonding because surfactants have
hydrophilic and hydrophobic qualities [35]. The
creation of pores occurs in three stages: opening
pores, excogitation of new pores, and micropore
development. Surfactants cause AC/SLS to de-
velop micropores, rather than macropores.
Irradiated AC/SLS at 10 kGy (AC/SLS-1), 20
kGy (AC/SLS-2), and 50 kGy (AC/SLS-5) have
smaller surface areas than irradiated AC/SLS at
30 kGy (AC/SLS-3) and 40 kGy (AC/SLS-4), re-
spectively. This occurred because the degrading
process of carbon material by *°Co gamma irradi-
ation occluded some holes, resulting in a substan-
tial decrease in surface area [24, 35]. The focus
of this research was on optimal dosage gamma
irradiation at 30 kGy. This optimal situation is
unaffected by the block degradation phenomenon
caused by irradiation. In a prior study, Paula et
al. (2021) reported that sterilization is one of the

consequences of gamma irradiation on material.
The mechanical parameters of tensile strength
and modulus of elasticity are unaffected by 25
kGy gamma irradiation of PCL (polycaprolac-
tone) films with MCM-48 NPs modified by AP-
TES ((3-aminopropyl) triethoxysilane).

Gamma irradiation is an effective approach
for sterilizing the material nanocomposite [32,
36-38]. It may be concluded that gamma irradia-
tion exposure has an effect on pore development,
as seen by the usual pattern of N2 adsorption iso-
therms at -196.15 °C. However, certain irradiated
materials have reduced surface areas due to pore
blockage during the irradiation process. Table 5
displays the results of the surface area calcula-
tion using the ANOVA single-way approach with
SPSSIBM.F_ orF_ (0.0385)islessthanF_
ion (4.964), indicating that gamma irradiation had
no substantial effect on surface area formation
due to pore blockage. Thus, there are two pos-
sible conclusions about the influence of gamma
irradiation on AC/SLS.

The first is a reduction in surface area due to
pore blockage. The second method is gamma ir-
radiation exposure, which is outstanding for ster-
ilizing AC/SLS. SEM photos from the data analy-
sis experiment show that pore formation occurs
on surface activated carbon as the dose of gamma

Table 5. Calculation of surface area materials using ANOVA single-way factor

Summary

Groups Count Sum Average Variance

Sample 6 150 25 350
Surface area (SA) 6 138.133 23.022 258.807

Anova
Source of variation aSsS bdf °MS iF e p-Value F .
Between groups 11.735 1 11.735 0.038 0.848 4.965
Within groups 3044.033 10 304.403
Total 3055.768 11

Note: ® sum of Square, ® degree of freedom, ¢ mean squared, ¢ analysis of variance, ¢ probability-value, " F
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irradiation exposure increases. Clearly, this study
is entirely based on statistical data, ANOVA. The
F significant test shows that gamma irradiation
exposure has a significant effect on the distribu-
tion of porous diameter development due to F_
eutation > Fasiterias As @ result, the ANOVA statistical
test was used to confirm qualitative findings in an

experimental setting.

Morphology and pore distribution
of activated carbon using scanning
electron microscopy

Figure 4 shows the morphology of unirradiat-
ed AC (A); irradiated AC/SLS 10 kGy (AC/SLS-
1) (B); irradiated AC/SLS 20 kGy (AC/SLS-2)
(C); irradiated AC/SLS 30 kGy (AC/SLS-3) (D);
irradiated AC 40/SLS kGy (AC/SLS-4) (E); and
irradiated AC/SLS 50 kGy (AC/SLS-5) (F). The
morphology of the material was characterized via
SEM and the distribution porous diameter was
analyzed with ImageJ software version 1.52a (64-
bit) using ASTM standard E-112 [28].

Table 6 shows the distribution of porosity di-
ameters for each material. Carbon material has
an average porosity diameter of 2.05-3.16 pm
(derived from Yolanda and Nandiyanto, 2022)
[28]. Irradiated AC/SLS 30 kGy has the small-
est porous diameter, while irradiated AC/SLS 50
kGy has the largest average porous diameter (F).
This finding suggests that gamma irradiation has
a considerable effect on the distribution of porous
diameter development.

Table 7 displays the significance test results for
average diameter porosity (um) using the ANO-
VA single-way factor technique via IBM SPSS.
As may be observed, F_, or F_. . (8.7576) is
more than F_ . (4.964). This finding suggests
that gamma irradiation exposure has a significant
impact on the diameter of porous development.
Polymer grafting, crosslinking, and degradation
processes all required an initiator or a chemical
agent. In this experiment, radiation gamma “Co
was utilized as an initiator to produce the active
site. Gamma radiation has numerous advantages
as an initiator, including the fact that it produces
no residue, may be utilized at any temperature and
in any application, and allows for controlled graft-
ing or degradation. Many researchers have inves-
tigated the effects of gamma irradiation on vari-
ous materials throughout the last decade. Gamma
radiation affects a variety of polymer processes.
The varied impacts of gamma irradiation dosages

include grafting polymerization, cross-linking,
and degradation [33, 39-41, 46].

The way ionizing radiation interacts with the
AC, particularly the Compton effect, generates
free electrons and positive ions on the AC surface
that can react with the water in the irradiation me-
dium. Oxidation reactions are responsible for in-
creasing the surface oxygen concentration. When
carbons are exposed to radiation in the presence
of water, the gamma radiation interacts with the
water molecules as well as the carbon itself, pro-
ducing (Reactions (1)—(5)) [43].

HO> HO*"+e (D
H,O - H,0* )
H,0** - HO* + H” 3)
e +nH O > € 4)
H,0* > HO* + H* (5)

Radiolysis can modify surface groups, with
oxidizing species like HOe® causing oxidation
and reducing species like He and e—aq causing
reduction. The FTIR results indicate that the fun-
damental functional groups (OH stretching, 3200
cm™) decreased with increasing gamma irradia-
tion dose. It implies that the acid functionalized
group increases, although the pHzpc is lower than
AC without gamma irradiation treatment. Figure
5 depicts the degradation mechanism response of
sodium lauryl sulfate and activated carbon under
radiation conditions.

Polymer grafting, crosslinking, and degrada-
tion generally need an initiator or chemical agent.
In this experiment, radiation gamma *“Co was
used to create the active site. The initial stage
took place when electrons attacked the surface
of activated carbon. The second step in deteriora-
tion occurs when the aromatic ring experiences
resonance within its ring circle. The movement of
double bonds between carbon atoms is known as
resonance. The third stage involved shifting elec-
tron flow to the closest carbon atoms, which was
then followed by the electron resonance process
(4th step). The final step was to begin opening cy-
clic bonds in activated carbon.

Gamma radiation has many benefits as an
initiator, including the fact that it produces no
residue, may be utilized at any temperature and in
any application, and allows for controlled graft-
ing or degradation. Many researchers have inves-
tigated the effects of gamma irradiation on mate-
rials throughout the last decade. Gamma radiation
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Figure 4. (a) Morphology of unirradiated activated carbon (ACO0) (A); irradiated AC 10 kGy (AC1) (B);
irradiated AC 20 kGy (AC2); (b) Morphology of irradiated AC 20 kGy (AC2) (C); irradiated AC 30 kGy (AC3)
(D); (c) Morphology of irradiated AC 40 kGy (AC4) (E); irradiated AC 50 kGy (AC5) (F)
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Table 6. The pore distribution of carbon material was
analyzed using ASTM standard E-112

Sample Average (um)
AC 2.19
AC1 (10 kGy) 2.18
AC2 (20 kGy) 2.1
AC3 (30 kGy) 2.05
AC4 (40 kGy) 3.16
AC5 (50 kGy) 2.66

affects a variety of polymer processes. Various
gamma irradiation doses can have a variety of
consequences, including grafting, polymeriza-
tion, cross-linking, and degradation.

Finally, application on Pb* adsorption used
activated carbon, as shown in Figure 6. On the
basis of interpolation data into the standard curve
or by a linear equation using UV-Visible Specto-
photometry, the adsorption capacity of Pb*" cat-
ions further increased when the activated carbon
adsorbent was modified with the addition of SLS
surfactant (0.165 mg/gram or 41.65%). This is due
to the nature of SLS which is an anionic surfac-
tant with the head part of the surfactant having a
negative charge that is able to bind Pb*" cations.
The adsorption capacity of Pb*" cations on AC is
relatively low because the surface of activated car-
bon tends to be hydrophobic, while Pb*" cations
are hydrophilic species. Hydrophilic species will
more easily bind to the species that have the same
characteristics. Therefore, the addition of SLS
surfactant can increase the adsorption capacity of
Pb** cations because Pb*" cations are more bound
to the SLS head which has a sulfonate group.

Figure 5. (a) Degradation mechanism reaction of
sodium lauryl sulphate and activated carbon on
gamma irradiation condition (Step 1 until Step 3);

Gamma irradiation treatment with optimum (b) degradation mechanism reaction of sodium lauryl
doses of 30 and 40 kGy on AC/SLS was able to sulphate and activated carbon on gamma irradiation
increase the adsorption capacity of Pb** cations to condition (Step 4 and Step 5)

Table 7. Calculation of significance test of average diameter porous (pum) materials using ANOVA single-way
factor method

Summary
Groups Count Sum Average Variance
Sample 6 150 25 350
Average pore diameter 6 14.35 2.392 0.189
Anova
Source of variation aSSs b df °MS IF e p-Value F o
Between groups 1533.41 1 1533.41 8.76 0.014 4.965
Within groups 1750.94 10 175.41
Total 3284.35 11
Note: * sum of square; ° degree of freedom; ¢ mean squared; ¢ analysis of variance; ¢ probability-value; ' F

criteria”
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Figure 6. Pb2+ adsorption on modified activated carbon (AC) from banana peel

54.31% and 52.67% compared to AC/SLS with-
out irradiation 41.65%. The increase in adsorp-
tion capacity is likely due to the large number of
active sites on the surface of activated carbon that
are activated by exposure to gamma irradiation.
This active site then binds to SLS, which then ad-
sorbs Pb*" cations.

CONCLUSIONS

According to the research findings, gamma
dose irradiation reduces O-H and C-H bend-
ing functional groups due to the generation of
OH and H radicals. Gamma dose irradiation
increased the C=O stretching peak intensity
(2360-1910 cm™) by forming oxygen and car-
bon surfaces through double bonding. According
to BET characterization, gamma irradiation ex-
posure can impact pore development, as seen by
the pattern of N, adsorption isotherms at -196.15
°C under normal conditions. Surprisingly, some
irradiated samples had a decreased surface area,
most likely due to pore blockage during the irra-
diation procedure; this is confirmed by ANOVA
one-way analysis. Gamma irradiation exposure
has a considerable impact on the formation of av-
erage diameter porous structures (um). Overall,
Co gamma irradiation at an optimized dose (30
kGy) can impact functional group and porosity
formation. Gamma irradiation treatment with op-
timum doses of 30 and 40 kGy on AC/SLS was
able to increase the adsorption capacity of Pb**
cations to 54.31% and 52.67% compared to AC/
SLS without irradiation 41.65%.
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