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Heavy metals are pollutants that
are harmful to living things and the
environment can be degraded by
microbes or understood by other living
things so that they can cause health
problems. One of the heavy metals
that is often found in wastewater
is lead. Lead is widely used in the
manufacture of batteries, metal
products such as ammunition, cable
coatings, Polyvinyl Chloride (PVC)
tubing, solder, chemicals and dyes

This use causes humans to be
exposed to large amounts of lead. One
method to deal with lead pollution is
to use photocatalysts. Photocatalysts
react with heavy metals and
reduce them so that the level of
toxicity becomes lower than before
through photocatalytic reactions.
In this study, synthesis of reduced
graphene oxide/silver nanoparticle
nanoparticles was performed by
facile hydrothermal methods for
photocatalytic degradation of Pb ion.
The characterization results indicate
that the synthesis has been successfully
carried out. The successful result of
rGO/AgNPs nanocomposites synthesis
was proved by several techniques such
as X-ray diffraction analysis, Raman,
UV-Vis  spectroscopy, Scanning
Electron Microscopy (SEM) and
Energy Dispersive X-Ray analysis
(EDX). This indicates the presence
of these groups in the graphene
oxide and rGO/AgNPs samples,
respectively. The resultingrGO/AgNPs
nanocomposite has an absorbance
peak at a wavelength of 267 nm. The
diffraction peaks for nanocomposites
rGO/AgNPs and their Miller indices
were 38.08° (111), 44.16° (200), 64.44°
(220), and 77.44° (311). The Raman
spectra of rGO/AgNPs exhibits D
bands at 1334,13 with intensity of
630,60 cm " and G band at 1594,61 with
intensity of 477,29 cm'. The ID/IG
ratio rGO/AgNPs-NaBH4 is ~1,32.
Furthermore, the photocatalytic
activity test results showed that the
rGO/AgNPs nanocomposite was able
to reduce Pb2+ to Pb with a maximum
exposure time of 1.5 hours

Keywords: lead, reduced
graphene oxide, silver nanoparticles,
rGO/AgNPs nanocomposite, sodium
borohydrate
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1. Introduction

or digested by other living things. As a result, it causes the

Heavy metals are harmful to living things and the en-
vironment because they cannot be degraded by microbes

accumulation of heavy metals in living body tissues (bio-
accumulation) which can cause health problems [1]. Heavy
metals that are often found in wastewater are arsenic, cadmi-




um, chromium, copper, lead, nickel, and zinc. All these heavy
metals can cause harmful health effects. Lead (Pb) is one of
the most dangerous heavy metals. Lead is use manufacture
of batteries, metal products such as ammunition, cable coat-
ings, Polyvinyl Chloride (PVC) pipes, solder, chemicals and
dyes. This use causes humans to be exposed to large amounts
of lead. Lead plays no biological role at all. However, when
absorbed by cells, lead competes with other metal ions such
as calcium, iron, and magnesium for binding to cell recep-
tors. Thus, it interferes with cellular metabolic processes and
damages cells [2].

One method to deal with lead pollution is by the use of
a photocatalyst.

Photocatalyst is a catalytic material that is active when
exposed to light. The electrons in the valence band of the
photocatalyst will be excited to the semiconductor band to
produce one electron hole and one unpaired electron. Elec-
trons and electron holes can undergo recombination, which
reverses the excitation [3]. The existence of these holes and
electrons makes photocatalysts able to reduce or oxidize
other chemical species. The reaction occurs depending on
the reduction potential of the chemical species. Factors that
affect photocatalyst activity are temperature, concentration
of reactants and photocatalysts, pH, light intensity, and
the presence of additives such as oxidants that can prevent
recombinants [4].

Photocatalytic technology is an environmentally friend-
ly technology to convert pollutants in wastewater into prod-
ucts that are not harmful to the environment [5-7]. TiO,,
recently emerged as an excellent semiconductor material for
photocatalysts, exhibits efficient, chemically stable, non-tox-
ic and non-polluting performance [8—11]. However, due to
the relatively high rate of electron-hole pair recombination
and apparently low light utilization, its real-life applications
are very limited [12, 13].

Graphene is an emerging material later in the current
decade. In recent years, graphene has been widely used for
photocatalytic applications due to its large surface area,
high electron mobility, strong adsorption capacity, and
easy chemical modification [14-16]. Graphene and its de-
rivatives (e. g., graphene oxide, GO; and reduced graphene
oxide, rGO) are carbon monolayer materials, 2D sp2 which
have attractive, unique and extraordinary properties, so they
have great potential to be used for various applications such
as in batteries, polymer chargers, sensors, energy conversion,
and energy storage devices [17, 18]. Graphene has a Young’s
Modulus and Strength of ~130 GPa has electron mobility
at room temperature of ~2.5x105 cm2V1s-1/s-1 and a large
specific surface area (theoretically 2630 m?/g for single-lay-
er graphene which are commonly applied to sensors [19-21].
Graphene derivatives have several beneficial effects on
photocatalytic performance by creating a synergy between
the semiconductor and the carbon phase [18]. This is mainly
due to a decrease in the energy band gap of the composite
catalyst, an increase in the adsorption properties of the ma-
terial, and charge of transport separation. Incorporation of
graphene derivatives with their composites for semiconduc-
tor photocatalysts can improve photocatalytic performance
because of this combination increase photodegradation,
adsorption capacity, photostability and light absorption [18].

Furthermore, rGO has an important advantage, namely
the possibility of obtaining a hydrophilic surface from re-
duced oxygenated graphene, at a relatively low production
cost [22]. These surface groups can be used to facilitate

anchoring of semiconductors and metal nanoparticles and
even for the assembly of macroscopic structures, which are
relevant for developing highly efficient photocatalysts [23].
The study showed that reduced graphene oxide/titanium
dioxide (rGO/TiO;) composites were effective as photocata-
lysts for the photocatalytic degradation of methyl orange [5].
Excited electrons from TiO, flow to rGO, thereby inhibiting
recombination and increasing photocatalyst activity. Pre-
vious studies have proven that TiO; can remove Pb?* from
water [6].

Therefore, studies that are devoted to synthesize
reduced graphene oxide/silver nanoparticles nanocom-
posites (rGO/AgNPs) as an alternative photocatalytic
material for waste treatment especially for degradation of
Pb ions. Graphene is a two-dimensional enclosed hexagonal
honeycomb lattice with sp? hybridization. Graphene has
high surface area, excellent electrical, optical and mechan-
ical properties [24]. Graphene has been considered as an
attractive matrix of nanocomposites for the integration with
the metal nanoparticles (NPs) in realizing further novel
and superior properties for various specific applications.
Silver nanoparticles (AgNPs) are one of the most extensively
apllied nanomaterials owing to their, high catalytic activity,
large specific surface area and antibacterial capability [25].
By combining the two materials of reduced graphene oxide
with silver nanoparticles, it would give rise to synergestic
effect for enhancing photocatalytic behavior.

2. Literature review and problem statements

The paper [8] reported the photocatalytic of TiO,/Car-
bon-Dots using a facile hydrothermal-calcination synthe-
sis technique for the degradation of Gemfibrozil under
simulated sunlight irradiation. Carbon-Dots have been
chosen in this paper to combine with TiO4 because carbon
dots demonstrated to possess excellent upconversion pho-
toluminescence. That is, lower-energy light or in visible or
near-infrared light from 500 to 1000 nm can be converted
to higher-energy light (ultraviolet or visible light from 325
to 425 nm) via the multiple photon absorption property of
Carbon-Dots. The upconversion function of Carbon-Dots
enables the visible and near-infrared spectrum of sunlight to
be utilized, obtaining in an increasement of photocatalytic
efficiency. The result showed that under simulated sunlight
irradiation, a very low Carbon-Dots loading of 5.0 wt %
obtained in a 2.3 times faster reaction rate for photodegra-
dation of gemfibrozil than pristine TiO,. The faster reaction
is driven from oxidative species, particularly OH as the most
important reactive species mediating the photocatalytic
degradation of gemfibrozil. However, this method needs
further investigation using electron spin resonance (ESR)
which could determine the most important reactive spesies
of photocatalytic degradation. In addition, quantum chemi-
cal calculation is required to verify the degradation mecha-
nism.

The paper [9], reported a series of GO/TiO,/BiyWOgq
nanocomposite photocatalyst, which was synthesized suc-
cessfully using one-step hydrothermal technique for the
application in degradation of ethylene. The influence the
graphene oxide addition to the nanocomposite for degrada-
tion of the ethylene was investigated. The result revealed
that the degradation of ethylene under visible light is high.
The addition of 0.75 % of GO is the highest for ethylene




degradation at 5.7 times, 2.8 times and 1.3 times that of pure
TiO,, BiyWOg and TiOy/BisWOg respectively. The reason
of the highest result due to the combination of GO with
TiOy/BisWOg obtaining multiple heterojunctions, so that
the bandwidth smaller is omitted. Besides that, the addi-
tion of GO diminishes the average grain size of the nano-
composite size, and creates an interfacial interaction with
TiO,/BisWOg, inhibiting the recombination of photogene-
rated electron-hole pairs and enhance the photocatalytic ac-
tivity. Nevertheless, this technique necessitated high costs,
impractical and difficult to control the system during the
reaction process because the photocatalytic degradation of
the ethylene test required specific platform, which consisted
of a photocatalytic reaction system and a constant-tempera-
ture water-circulation system. The photocatalytic reaction
system is composed of an ultrahigh-pressure Xe lamp (light
intensity 500 W), UV cutoff filter, reaction film support,
photocatalytic film gas-circulation device, and photocata-
lytic reactor. Besides that, in order to evaluate the photo-
catalytic activity of TiOy/BisWOg, the materials has to be
loaded on an activated carbon fiber as photocatalytic film
prepared by dip coating which needs to control the rate of
coating in order to get the best loading of the materials with
homogeneous and desired thickness.

The paper [11] developed a visible-light-driven magnet-
ically recoverable nitrogen doped TiO-based nanophoto-
catalyst (N-TiO,@SiO,@Fe30,) for degradation of phar-
maceuticals (ibuprofen and carbamazepine) and a personal
care product (benzophenone-3) by fine-tuning the pertinent
factors such as calcination temperature, Fe3Oy loading, and
nitrogen doping. Nanophotocatalyst performance on ibupro-
fen was studied using two visible light sources, i.e., compact
fluorescent lamps (CFLs) and light emitting diodes (LEDs)
of similar irradiance. The result showed that CFLs of irra-
diance 320 uW c¢cm™ and peak emissive wavelength 543 nm
served as a better source producing the highest degradation
of 94 %. Besides that, nanophotocatalyst performance on
benzophenone-3 within 5h under visible light emitted by
CFLs give the degradation of 93 %. The degradation of 71 %
for carbamazepine within 9 h was observed under visible
light emitted by CFLs. This result revealed that the super-
paramagnetic behavior of the nanophotocatalyst enabled
its successful magnetic separation (95 % efficiency) from
the suspension within 20—25 min under an electromagnetic
field of ~200 mT. In this method, different temperature of the
calcination process was required (400 and 500 °C) in order
to enhance the photocatalytic efficiency of the nanophoto-
catalyst. This means that the preparation of the nanophoto-
catalyst materials needs high temperature to obtain higher
efficiency.

The paper [16] reported the rGO-TiO, hybrid nano-
composites prepared by facile hydrothermal technique and
combined with pulsed discharge plasma (PDP) for syn-
ergetic degradation of fluoroquinolone (FQ) antibiotic.
Flumequine (FLU), a representative of FQ, is selected as
the target compounds. The result showed that the highest
removal efficiency can reach 99.4 % in PDP/graphene-TiO,
system with 5% graphene content, which is 23.7 % and
34.6 % higher than that in PDP/TiO, system and sole PDP
system, respectively. Correspondingly, the kinetic constant
is 3.5 and 4.6 times higher than that in PDP/TiO; system
and sole PDP system, respectively. This will provide new in-
sights in the application of graphene-based nanocomposites
in PDP systems as a promising methodology for the reme-

diation of organic contaminants in water. Even though the
hybrid nanocomposites show promising result, this approach
need pulsed discharge plasma to make synergetic effect in
order to enhance the photocatalytic performance.

The paper [26] reported the advantages of CuO, com-
bining with GO, and synthesized TiO,/rGO/CuQO nano-
composites by a hydrothermal method for the reduction
of Cr(VI). A series of products with additive amount of
CuS0O45H,0 and GO were prepared. The composite is de-
noted as TgxCy, where x and y represent the amount of GO
aqueous solution in volume and CuSO,4-5H,0 in weight, re-
spectively and compared their photocatalytic property. The
result showed that under visible light irradiation, TG,Cg
can completely reduce in 100 % of the Cr(VI) (100 ppm)
solution in 80 min, and the photoreduction conversion rates
of Cr(VI) on TGyCgare 4.9 and 29.4 times those of P25 and
pure TiOs,respectively. TG,Cg composites is attributed to
the acceleration of e-+ and h- pair separation by CuO and the
acceleration of effective e+ -h transfer by rGO. Therefore,
TiO,/rGO/CuO nanocomposites showed excellent property
under visible light. From the result, it shows that pure TiO,
give low efficiency compared with the TiO,/rGO/CuO
nanocomposites. The efficiency of the photocatalytic reduc-
tion of Cr(VI) by neat TiO; is 63.23 %. Therefore, further
study to explore nanocomposite materials with enhance
photocatalytic activity is required.

Based on literature review mentioned above, photocata-
lysts materials were TiO, based-materials for the application
of photocatalytic performances in degradation of pharma-
ceuticals, personal care product and heavy metal for waste
treatment. The application of photocatalyst materials to
treat heavy metal waste pollution in water was promising.
Photocatalyst will reduce heavy metal ions in water so
that heavy metals are no longer dissolved. Photocatalysts
can also mineralize existing heavy metals (remediation)
making it easier to remove them from water [27]. However,
TiO, photocatalyst is exclusively activated with UV light
(A<380 nm). The photocatalytic activity of TiOs under
natural solar irradiation is largely limited [26]. Thus, it is
highly desirable to design and seek efficient photocatalysts
materials for the waste treatment under sunlight irradiation
Further research is needed regarding the handling of heavy
metal atoms by photocatalyst materials other than TiO,.

Silver nanoparticles (AgNPs) are antimicrobial sub-
stances, which have the ability to inhibit or kill microbial
growth with relatively little toxicity to humans. Therefore,
silver nanoparticles are used in the disinfection process in
water and wastewater treatment. Nanoparticles (AgNPs)
exhibit attractive quantum characteristics, allowing for
large specific surface area, small particle diameter, fast
electron transfer capability, etc. AgNPs are also known to
have high stability, good electrical conductivity, good light
absorption, and high sensitivity [28]. Therefore, the addi-
tion of AgNPs can increase the photocatalytic activity of a
material. The combination of AgNPs with reduced graphene
oxide (rGO) by exploiting the large specific surface area and
the effective built-in electric field of rGO forming binary
nanocomposite can enhance the photocatlytic performance.
The prepared binary nanocomposites of rGO/AgNPs was
conducted with in-situ reaction which is facile and reduced
the synthesis time duration. In addition, the photocatalytic
activity test of the nanocomposites of rGO/AgNPs for deg-
radation of Pb ions in this method was performed in room
temperature, which is easy, low cost and very practical.




3. The aim and objectives of the study

The aim of this study is to synthesize rGO/AgNPs
nanocomposites with NaBHy reductor using the hydro-
thermal method and to test their photocatalytic activity
against Pb ions. So that it can be investigated the perfor-
mance of the effectiveness of photocatalytic rGO/AgNPs
to make it possible alternative photocatalytic materials for
waste treatment.

To achieve the aim, the following objectives are set:

—to investigate the properties of the synthesis of
Graphene Oxide and rGO/AgNPs using X-Ray Diffraction
Analysis (XRD), Scanning Electron Microscope (SEM),
Raman Spectroscopy and UV-Vis spectrophotometer;

— to investigate the influence of UV light exposure time
on the photocatalytic test process.

4. Materials and methods of research

4. 1. Object and hypothesis of the study

In this study, materials rGO/AgNPs nanocomposites
are used as photocatalysts for degradation of Pb ions in
aqeous solution. The rGO/AgNPs nanocomposite was
prepared from reduced graphene oxide and silver nanopar-
ticles. Reduced graphene oxide (rGO) has the combined
properties of graphene and graphene oxide. Reduction
causes TGO to have better electrical conduction ability
and crystalline structure than graphene oxide but still has
functional groups such as graphene oxide [29]. Meanwhile,
silver nanoparticles (AgNPs) are colloidal silver particles
measuring 1 to 100 nm, with many benefits, especially in
the health sector as anticancer and antimicrobial candi-
dates. The rGO/AgNPs nanocomposite is also known to
have high stability, electrical conductivity, absorb light
well and have a high level of sensitivity. So the addi-
tion of AgNP can increase the photocatalytic activity
of a material. It is thought that the increase in activity
is due to the formation of high-energy electrons on the
surface of AgNPs when AgNPs are exposed to light (lo-
calized surface plasmon resonance) [28]. Therefore, the
study is devoted to the facile synthesis of rGO/AgNPs
nanocomposites prepared by hydrothermal method, and
the implementation of the alternative nanophotocatalytic
technology in waste treatment that is more effective of
rGO/AgNPs nanocomposites. That is, it is necessary to
extend the understanding of physical, chemical and ma-
terial properties of rGO/AgNPs nanocomposites and the
effectiveness of the photocatalytic performance of the
nanocomposites.

4. 2. Synthesis of graphite oxide

Graphite oxide was synthesized using the modi-
fied hummer method from the previous report [30, 31].
Amount of 1.5 g of graphite; 1.5 ¢ NaNOg; and 70 mL of
H,SO,4 mixed into a 1 L beaker (ice bath). After the tem-
perature is below 20 °C, 7.5 g of KMnOy is added slowly
and then stirred for 2 hours. The temperature was in-
creased to 37 °C and stirred for 20 hours. The heater was
turned off, and then 125 mL of distilled water was added
to the solution and stirred for 30 minutes. Next, 10 mL of
30 % H»05 and 400 mL of distilled water were added and
stirred for 30 minutes. The solution was then allowed to

stand for one day. After settling, 5 drops of 2M HCI were
added and stirred for 10 minutes. Then, the solution was
allowed to stand for 3 hours, and the solids were separated
and washed by centrifugation (7000 rpm, 15 minutes) un-
til the solution was clear. The solid was dried in a furnace
at a temperature of 75 °C for 14 hours and characterized
using UV-Vis spectrometer, XRD, and SEM.

4. 3. Synthesis of rGO/AgNP nanocomposites

The solution to be used is made first. 0.1M AgNOs;
solution was prepared by dissolving 1.7 g AgNOs in 100 mL
of distilled water. 0.1 M NaBH;, solution was prepared by
dissolving 0.38 g NaBH; in 100 mL of distilled water. 0.5 g
of graphene oxide was dissolved in 50 mL of distilled water
and 50 mL of 96 % ethanol and sonicated for 20 minutes.
Then 15 mL of 0.1 M AgNO3 was added and stirred with
a magnetic stirrer for 30 minutes. The solution was added
with 25 % NHj until the pH was close to 10. Then, 30 mL of
0.1 M NaBI; solution was added. The solution was refluxed
for 18 hours at 150 °C. After completion, the precipitate
was separated and washed by centrifugation until the pH
of the supernatant was neutral. The solids resulting from
the centrifugation were then dried in an oven at 75 °C for
24 hours [25].

4. 4. Photocatalytic activity test

Amount of 0.01 g of rGO-AgNPs nanocomposite was
weighed and dispersed in 5mL of distilled water and
then sonicated for 20 minutes. The dispersion was added
to 50 mL of 10 ppm Pb(NO3), solution and stirred in the
dark for 1 hour. The solution was then irradiated by UV
for 3 hours. Every 30 minutes, 5 ml of the solution sample is
taken to be tested for absorbance.

3. Research results of synthesis of nanocomposites
reduced graphene oxide-silver nanoparticles

5. 1. Characterization result by X-Ray Diffraction,
Scanning Electron Microscope, Raman and UV-Vis spec-
trophotometer

X-ray diffraction analysis (XRD) was used to obser-
vation of the starting material and the product were per-
formed and to determine the crystal structure. The Fig. 1
shows the X-ray diffraction pattern of the nanocomposite
of GO and rGO/AgNPs. X-ray diffraction analysis (XRD)
was used to observation of the starting material and the
product were performed and to determine the crystal
structure.

Inorder to observe the morphology of grain rGO/AGN Ps-
NaBH; nanocomposite, analysis process was carried out
by SEM. The analysis result of product obtained from syn-
thesis, depicted in Fig. 2, 3.

The EDX analysis was performed on the grain surface
to observe the elements on rGO/AGNPs. The EDX analysis
results can be seen in Fig. 3.

InordertoconfirmthevibrationspectraofrGO/AgNPs-
rGO/AgNPs the synthesized composite compound, a Ra-
man spectrum test was carried out (Fig. 4).

Characterization using UV-Vis spectrophotometer
which is used to determine the band gap energy of the
synthesis of GO and rGO/AgNPs compounds shown
in Fig. 5.
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Fig. 2. Morphology observation with scanning electron microscope (SEM):
a — Graphene oxide with magnification 10.000X;
b —rGO/AgNPs nanocomposite with magnification 10.000X
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Fig. 3. Energy dispersive X-Ray analysis result




Fig. 5. UV-Vis spectra of GO and rGO /AgNPs

5. 2. Photocatalytic Activity Test
Performance of catalyst rGO/AgNP through the deg-

radation process of Pb compounds in air by irradiating UV
lamps as shown in the Fig. 6, 7.
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Fig. 6 shows photocatalytic performance test of rGO-Ag-

NPs nanocomposite for the degradation of Pb Ion with the
duration time of 3 hours.

Fig. 7 shows the amount of reduced Pb metal calculated
by comparing its absorbance before and after being exposed
to UV light in a dark room.
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6. Discussion of synthesis of nanocomposites
reduced graphene oxide-silver nanoparticles

Characterization of GO with XRD was carried out
at 26=10°-100". The result of XRD show in Fig. 1. The
diffraction peak is found at 10,731° and a smaller peak
at 26.448°. Based on the study, the diffraction peak for
GO is 10.7° while the diffraction peak for graphite is
26.6° [32]. It can be concluded that in the sample, there
is completely oxidized after treatment of the oxidation
and exfoliation of graphite resulted the formation of
oxygen-containing functional groups of graphene ox-
ide [33, 34]

The XRD results of rGO/AgNPS is shown
in Fig. 1. The diffraction peak is found at 38.1434"
44.323°% 64,453°% and 77.385° for AgNPs and 26°
for rGO. Based on the study, the diffraction peaks
for nanocomposites AgNPs and their Miller indices
were 38.08° (111), 44.16° (200), 64.44° (220), and
77.44° (311) [35] and for rGO it is in the range of
26.3°[36]. The Miller index and the diffraction pat-

tern are derived from Ag nanoparticles in the form of a cube
with a face-centered crystal structure. The loss of the GO
identity diffraction peak at 10.7° indicates that GO has been
reduced completely.

SEM images of the rGO/AgNPs nanocomposite were

taken to study the morphology of the rGO/AgNPs nanocom-




posite structure. rGO has a thin layer of lamellar arrangement
with a wrinkled surface and AgNPs spots in white dots [37].
These characteristics are seen in the SEM image of Fig. 4 with
AgNPs spots which are clearly observed as white circle parti-
cles distributed on the surface of rGO in Fig. 2, b.

The EDX analysis result is shown in Fig. 3, which reveals
that the rGO/AgNPs nanocomposites have been successful-
ly obtained. The EDX result presents the compositions of
the carbon I and oxygen (O) elements from rGO with the
content of 53.9 % and 20.5 %, respectively. The Ag nanopar-
ticles from AgNPs distributed on rGO was observed with
the content of 25.5 %. Furthermore, no other elements are
detected from EDX analysis showing the high purity of the
synthesis result of rGO/AgNPs.

The Raman spectra of rGO/AgNPs are shown in Fig. 4.
The D band shows the sp? carbon of defective sites and the
G band reveals the plane vibrations with E2g phonon. The
rGO/AgNPs nanocomposites exhibits D bands at 1334,13
with intensity of 630,60 cm™" and G band at 1594,61 with in-
tensity of 477,29 cm ! respectively. The Ip/Ig ratio for GO in
our previous workis~0.99 [25]. The Ip/IgratiorGO/AgNPs-
rGO/AgNPs is ~1,32. The Ip/Ig of rGO/AgNPs nanocom-
posites increases due to the distribution of AgNPs on rGO
surface [30].

The optical properties analysis of GO and rGO/AgNPs
using UV-Vis was carried out by dissolving the nanocompos-
ite in distilled water and measuring its absorbance at a wave-
length of 200-800 nm and the result is depicted in Fig. 5. It
is known that the synthesized GO has an absorbance peak
at 227 nm and a small hump at ~300 nm. This indicates the
presence of C=C and C=O structures in the synthesized
GO. The second absorbance peak was found looking for a
peak on the second derivative curve. The second absorbance
peak is visible at a wavelength of 304 nm when the curve is
lowered to order 2. Thus, it can be concluded that GO has
been successfully synthesized.

In order to determine the peaks of the absorbance curve of
the nanocomposite, the optical properties were also observed.
Based on the study, rGO/AgNPs nanocomposite has an ab-
sorbance peak at a wavelength of 261 nm (red shift excitation
n-nt* of the C=C bond) and a smaller absorbance peak at
410 nm (AgNPs absorbance) [38]. Based on the result depict-
ed in Fig. 5, it is observed that the synthesized rGO/AgNPs
nanocomposite has absorbance peaks at 262 nm and 399 nm.
This indicates the presence of C=C and Ag structures in
the synthesized nanocomposite. The absence of a peak at
300 nm due to n-1* excitation of the C=0 group indicates
that GO has been reduced. Thus, it can be concluded that
the rGO/AgNPs nanocomposite has been successfully syn-
thesized.

In order to investigate the degradation of Pb ions and to
know the maximum degradation of Pb ions, the observation
of absorbance with the duration process of 3 hours by ob-
serving the absorbance intensity for every 30 minutes was
conducted. The photocatalytic degradation performance is
shown in the Fig. 6. The rGO-AgNPs peaks were seen at
260 nm and 400 nm. This experiment is supposed to reduce
Pb%* and produce PbP species. This is in accordance with the
study, which states that the peak at 200 nm comes from the
interaction between carbon and Pb?* [39].

Based on the calculation of the reduction rate (Fig.7)
it is known that the peak of reduction occurs at 1.5 hours of
irradiation as the maximum degradation of Pb ions. As much
as 44 % of the total initial concentration of Pb?" in the con-

centration of 10 ppm was reduced to Pb®. This is indicated
by the decreasing in the absorbance peak. In addition, the
ratio of absorbance Ce/Cy at 1.5 hours is the lowest com-
pared to other irradiation times. However, the percentage
of degradation Pb decreased on the duration of irradiation
after 1.5 hours. This is because the reaction occurs in an
equilibrium system. The electron holes in AgNPs react with
the formed Pb? to convert it to Pb** again.

7. Conclusions

1. The result of SEM-EDX analysis showed that rGO has
a thin layer of lamellar arrangement with a wrinkled surface
and AgNPs spots in white dots are clearly observed as white
circle particles distributed on the surface of rGO, with the el-
ements of the carbon (C) and oxygen (O) from rGO is 53.9 %
and 20.5 %, respectively. The Ag nanoparticles from AgNPs
with the content of 25.5 % is observed with no other elements
are detected from EDX analysis showing the high purity of
the synthesis result of rGO/AgNPs. The XRD analysis for the
synthesis GO and rGO/AgNPs with the diffraction peaks for
nanocomposites TGO/AgNPs and their Miller indices were
38.08° (111), 44.16° (200), 64.44° (220), and 77.44° (311)
indicating GO has been reduced and Ag nanoparticles in the
form of a cube with a face-centered crystal structure.

2. The result of Raman spectra of rGO/AgNPs exhibits
an ID/IG rGO/AgNPs ratio of ~1.32, indicating an increase
in ID/IG due to the distribution of AgNPs on the rGO sur-
face. So that the photocatalytic degradation performance
described at 1.5 hours of irradiation resulted in the maxi-
mum ion degradation of Pb with a degradation efficiency
of 44 %. The result of this study can be use the alternative
nanophotocatalytic technology in waste treatment.
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