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Abstract

This study aims to identify and analyze the band gap width of the carbon phase produced
from corncobs mixed with PEG-4000 to see the surface area of the corncob carbon phase.
First, the characterization test was carried out using Scanning Electron Microscope
Energy-Dispersive X-ray (SEM-EDX) spectroscopy to determine the morphology and
Ultraviolet—Visible (UV-Vis) spectroscopy to determine the band gap width of corncob
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carbon. Then, adding Polyethylene Glycol (PEG) 4000 at a specific concentration to
develop the potential of corncob carbon. Finally, the corncob-PEG 4000 carbon reduction
process was sifted through and tested by UV-Vis spectroscopy, and the energy gap value
was 0.954 eV.
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1. Introduction

Corncobs are one of the agricultural waste biomass that can be used as an adsorbent to remove
pollutants. This agricultural waste can bind heavy metals by adsorption, chelation (chelating), and ion
exchange [1]. In addition, corncobs contain chemical components such as cellulose, hemicellulose, and
lignin. The high percentage of cellulose makes corncobs that can be used as an alternative carbon
material [2].

Carbon is one of the materials that have the potential to be used for various purposes, including
in the fields of the utilization of electronic components [3], optics [4], mechanics [5], as an absorbent
(adsorbent) [6], aircraft brakes, batteries, fuel cell electrodes [7], and supercapacitors. Carbon has three
main structures or allotropes of carbon: graphite, fullerenes, and diamond [8]. Carbon can be produced
from pyrolysis combustion and the carbonization process of organic materials. The carbonization
process is carried out through the decomposition of organic compounds by heating in the absence of
oxygen so that the carbon element can be retained and its volatile components can be removed. At the
same time, pyrolysis is incomplete combustion [9].

On the other hand, Indonesia, an archipelagic country with a tropical climate, has abundant
natural resources in the form of raw materials for corncobs [10]. However, the utilization of corncob
raw materials still needs to be improved, and there is still huge potential, so there needs to be a solution
to utilize and increase the economic value of corncobs. Previous research on corncobs is widely used
as activated charcoal [11], and it is still necessary to develop characterization tests on corncobs. This
study aims to identify and analyze the band gap width of the carbon phase produced from corncobs
mixed with Polyethylene Glycol (PEG) 4000 to see the surface area of the corncob carbon phase. The
characterization test was carried out using Scanning Electron Microscope Energy-Dispersive X-ray
(SEM-EDX) spectroscopy to determine the morphology and Ultraviolet—Visible (UV-Vis)
spectroscopy to determine the band gap width of corncob carbon.

2. Method

2.1. Corncob Sample Preparation

Sample preparation was carried out by drying the corncobs and then cleaning the corn kernels until only
the corncobs were left. Corncobs are powdered so that the heat distribution when the carbonization
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process starts is more even or homogeneous. The dried corncob charcoal powder was tested for X-ray
Diffraction (XRD), SEM-EDX, and Fourier-Transform Infrared (FTIR). Corncobs material is dried first
at a temperature of 100 °C. The drying process uses an oven. After drying, the material is carbonized at
a temperature of 400 °C with a holding time of 5 hours. Through this process, the content of the carbon
phase formed in it can be seen.

Corncob material is dried first at a temperature of 100 °C. The drying process uses an oven. After
drying, the material is carbonized at a temperature of 400 °C with a holding time of 5 hours. Through
this process, the content of the carbon phase formed in it can be seen [12], [13].

The washing steps using the acid-base method were 10 grams of corncob powder added to 80
mL of HCI solution stirred on a magnetic stirrer at a speed of 750 rpm at room temperature for 20
minutes. Then the titration was carried out using 80 mL of NH4OH solution into the mixture with a
stirring process at a speed of 720 rpm at room temperature for 30 minutes. After that, it was washed
using distilled water to pH seven, and the precipitate was taken. Finally, the precipitate is heated in an
oven at a temperature of 100 °C until it becomes a powder [14], [15].

The stages of mixing corncob carbon samples use PEG-4000. PEG-4000 was weighed as much
as 1 gram, mixed with 40 ml of distilled water, and heated at a temperature of 90 C at 700 rpm. The
process of stirring the solution was carried out for 30 minutes. After that. 20 ml of PEG-4000 solution
was mixed with 3 grams of corncob carbon sample and stirred for 1 hour at 750 rpm. The precipitate
from the filtering process was dried at 100 °C for 5 hours to become powder [16], [17].

2.2. Characterization of Test Material

In this study, the test material was characterized through SEM-EDX and UV-Vis. Measurement with
UV-Vis Spectrophototrometry equipment aims to determine the energy band gap width. Measurements
were made in the wavelength range of 190-1100 nm.

3. Result and Discussion

The energy band gap width (Eg) can be calculated using the absorbance edge method based on the graph
of the absorbance relationship with the wavelength resulting from testing using a UV-Vis
spectrophotometer. The optical properties of corncob carbon powder that had been synthesized and
mixed with PEG-4000 were obtained from absorbance testing. The absorbance was scanned
spectrophotometrically in the 190-500 nm wavelength range. It can be seen in the graph between
absorbance and wavelength that there are three absorbance peaks at wavelength 205, 240, 265, 325, and
365 nm with each absorbance value of 14023.97, 226.24, 576.23, 1431370.67, and 1476501.63,
respectively (Figure 1). The absorbance value obtained shows that there is the absorption of UV
radiation by particles. The wavelength this sample absorbs is influenced by the crystal structure formed
in the phase [2]. The results show the behavior of adding PEG to the sample of this corncob. A large
number of absorbance peaks is probably because the oxidized sample has a high absorption of UV
radiation [18]. Based on the plotting results, the energy gap value is 0.954 eV (Figure 2). Therefore,
carbon, a constituent of graphite, is a material that can conduct electric current quite well [14].
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Figure 1. UV-Vis spectra on corncob powder-PEG 4000 between absorbance and wavelength.
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Figure 2. Energy gap sample value.

SEM for corncob powder-PEG 4000 is shown in Figure 3. Corncob structure was revealed by
SEM investigation. SEM micrographs of corncob powder have a flat surface structure. It is possible
that corncob carbon has a flat structure attached to the PEG, and there is a layer that encloses the pores
indicating that the PEG completely covers the supporting material [6]. The average size of cob carbon
attached to the PEG's surface is 422.5 nm, and the average pore size is 1.101 pum. Analysis of chemical
element composition in corncob powder can be done by testing Energy Dispersive X-Ray (EDX). The
existence of testing on the composition of these chemical elements is used to determine what elements
are contained in corncob powder, an organic material—the percentage of carbon atoms (C) with a value
of 61.38%. Meanwhile, the percentage of Oxygen (O) with a value of 38.62% is shown in Table 1. It
indicates that the carbon synthesis results from the corncobs we produce have succeeded [19], [20].

4. Conclusion
We show that the study of corncobs has tremendous potential to produce carbon, as evidenced by the

presence of element C from the EDX test, which is 61.38%. The main advantages of corncobs are that
they are abundant in nature, cost-effective, and product isolation can be done because they can be
extracted from plant waste or inedible plant products. The energy gap value is 0.954 eV, which indicates
that corncob-PEG 4000 powder can be categorized as a semiconductor material. This approach opens
up a new way to synthesize corncob carbon into environmentally friendly semiconductor materials.

Figure 3. SEM of corncob powder-PEG 4000.

Table 1. Atomic composition of the sample.

Element Wt % At %

C 54.41 61.38
@) 45.59 38.62
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