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ABSTRACT

Photocatalytic is considered a deadlock-breaking technology for renewable energy and lowering
environmental pollutants. Photocatalytic efficiency efforts are improved by activating the photocatalyst to
introduce an external magnetic field. This review highlights recent breakthroughs by comparing original
coffee waste, activation of coffee waste with the addition of catalysts, and manipulation of spin electrons by
applying external magnets. Characterization was done with FTIR to look at chemical bonds, UV-Vis with
Tauc's Relation approach to measure bandgap, and material morphology using SEM EDX. The increase in
photocatalyst activation aligns with the decrease in bandgap value. The rate of decline in bandgap is in line
with the rate of acceleration of hydrogen production. Adding an external magnetic increases hydrogen
production up to 1.5 times greater than the original photocatalytic.
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I. Introduction

The main focus of the world today is to develop sustainable transitional energy with
priority access in terms of technology and funding [1]. The construction of hydropower,
wind, and wave energy plants is an application in supporting renewable energy [2], [3].
However, the need for funds is significant, and it needs research and development of
renewable energy that is easily applied and accessed by the community.

Photocatalytic is the process of absorbing photons from solar energy by a photocatalyst
to separate H20 into Hz and Oz [4]. Photons can inhibit hole and electron recombination in
the photocatalyst to maximize Oxygen Evolution Reaction (OER) and Hydrogen Evolution
Reaction (HER) [5]. The efficiency of oxidation and reduction reactions in water can be
measured through bandgap energy. The smaller bandgap distance facilitates the release of
electrons in the conduction band and reduces hydrogen bonds to break covalent bonds at
H20 [6]. Therefore, it is necessary to present the use of solar energy to be converted into
renewable energy, namely hydrogen energy.

Photocatalytic performance is limited by several factors: (1) light absorption, (2) surface
redox reactions, and (3) photogeneration separation [7]-[9]. Such factors are reached
through doping and defects, surface structure, and charge separation efficiency via

m DOI: 10.17977/um016v7i22023p181



182 Journal of Mechanical Engineering Science and Technology ISSN 2580-0817
Vol. 7, No. 2, November 2023, pp. 181-189

heterojunctions [10]. In addition, the addition of an external magnetic field to the water
separation process in hydrogen production was successfully created through the electrolysis
process. The magnetic field can induce Lorentz to separate anions and cations and adjust the
electronic configuration, i.e., the spin orientation of electrons [6]. However, charge
separation in electrolysis requires a continuous supply of electrical energy, generally
accompanied by complicated devices and high energy purchase costs. Then, it requires
material treatment that is easy to apply and inexpensive materials.

The main focus today is the emphasis on recycling household wastewater with
hydrothermal processes in the formation of photocatalysts. Coffee waste represents one of
the Persistent Organic Pollutants (POPs) in the form of a solution. POPs can be
photosensitizers in absorbing UV wavelengths and photocatalysts in producing bandgap
[11]. The formation of photocatalysts from waste into carbon, graphite, and graphene
structures continues to be carried out today. Hydrothermal is a method that is easy to apply,
relatively inexpensive, and uses no complicated tools. In this study, coffee will be activated
as a photocatalyst. Measurements of hydrogen production are measured in a photocatalytic
process.

1. Material and Methods

1. Material

Materials of Arabica (AR) and Robusta (RB) coffee were obtained from Aceh Gayo
plantations in Indonesia. All reagents used commercial materials without further purification
and were filtered using a size of 200 mesh. AR and RB were formed with the addition of
350 ml of deionized water and NaOH (75%, supplied by Sigma Aldrich) stratified variations
(original, 10 mol, 20 mol, 30 mol, and 40 mol). Each reagent was then centrifuged for 1 hour
and then dried at 280°C for 2 hours. All reagents were washed using water and ethanol. The
desorption adsorption equilibrium between the reagent and water was set in the dark for 30
minutes.

2. Material Characterization

Optical absorption was tested with UV-Vis reflection spectra in the range of 200 — 800
nm (Specord 200 Plus Analytic Jena UV-Vis Spectrophotometer). The energy band gap (Eg)
is obtained through Tauc's Relation approach, as in equation 1.

ahv = A(hv — Eg)% USRI @ §

Where a is the absorption coefficient of the semiconductor represented by, hv is the
energy of the photon, and A is the constant. The value of n depends on the type of optical
transition of the semiconductor (n=1 for direct transition and n=4 for indirect transition)
[12], [13].

Determination of functional groups was tested using IRPrestige2l, Fourier
Transformation Infrared/FTIR (Shimadzu, Japan). Absorbance measurements occur in the
infrared radiation range to determine changes in the composition of structures and molecules
that occur. Morphological samples of materials and elements using the FEI Inspect S50
testing tool with Energy Dispersive X-ray (EDX). SEM results were analyzed using ImageJ
software with accumulated 3D surface plots where data processing was based on dots in
each pixel.
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3. Photocatalytic Experiments

500 W halogen lamp with calibration of light wavelength measurement was conducted
using Aurora 4000 spectrometer (Changchun, China) with spectral range 350 — 1100 nm and
light intensity 4000-5600 counts. Visible lighting was done using a focus lens only about
the photocatalyst and was controlled at a temperature of 30°C for 7200 seconds. An external
fixed magnet was added to the experimental apparatus installation, as shown - in Figure 1.

The MQ-8 sensor, as a hydrogen sensor, has 4 input voltages that are directly related to
VCC DC 5V. There is a microtube made of Al2Os with a crossing mechanism between the
heater and Au-Pt electrodes and a gas sensing layer made of SnOz. This electrode and
sensing gas are connected to VrL, which will convert and connect on an analog read. The
potential difference read in analog read will cause obstacles detected in RL connected to
digital read. The RL resistance consists of Rs/Ro, where the Rs sensor resistance is at 1000
ppm Hz, and the Ro sensor resistance is in the test. So, the calibration of Rs at 1000 ppm H2
on the sensor needs to be done to compare with the measurement results.

Gas SensorH; gy

Reactor »

Focus Iens/

Visible light
source

Fig. 1. Experimental apparatus.

I11. Results and Discussions

1. Results Characteristics and Morphology of Waste Coffee

FTIR tests bonding characteristics on AR and RB materials, as shown in Figure 2. The
absorption at 2900 cm is naturally owned by AR and RB, namely alkyl groups. The alkyl
group is a CH group owned by aromatic organics clarified by the absorption of C=C-C
aromatic ring stretch between 1450-1615 cm™. After combining with water, AR and RB
show OH bonds at 3000 cm™-3500 cm* absorption.
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The morphological characteristics of AR and RB were analyzed using SEM, as shown
in Figure 3. The hydrothermal process in AR and RB shows the structure of natural porosity,
as seen in Figure 3(a)(b). Adding NaOH catalyst increases porosity structure, as shown in
Figure 3(c)(d). Maximum observation with 3D Surface Plot ImageJ processing is done to
see the gradient of positive and negative peaks in the field of view, as seen in Figure 4. It
can be seen that AR with hydrothermal structure has less porosity than AR with the addition
of NaOH catalyst, respectively, in the image. This happened again with RB with the addition
of NaOH catalysts, respectively, in the image. In each AR and RB after the addition of the
catalyst, the presence of increased negative peaks indicates the presence of aromatic carbon
[6], [14], [15]. This is supported by the EDX results, where the amount of carbon increases
after activation of the NaOH catalyst, as shown in Table 1.
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Fig. 2. Comparison of FTIR AR and RB results.

Table 1. EDX Results

EDX Atomic Percentage (%)
Sample C @) K
AR 68.7 31.0 0.3
RB 68.9 30.8 0.3
AR with catalyst 72.3 27.5 0.2
RB with catalyst 72.8 27.0 0.2
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Fig. 3. SEM results (a) AR, (b) RB, (c) AR with NaOH activation, (d) RB with NaOH activation.

Fig. 4. 3D surface plot with ImageJ (a) AR, (b) RB, (c) AR with NaOH activation, (d) RB with
NaOH activation.
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2. Results Bandgap Coffee Waste with Catalyst Variation

The determination of bandgap energy was tested based on UV-Vis light absorption and
then converted using Tauc's Relation, shown in Figures 5(a) and 5(b). The obtained
semiconductor Eg values are seen in Figures 5(c) and 5(d), which have been determined and
calculated in Equation (1). From these calculations, bandgap energy in AR and RB varies
with catalyst activator treatment indicators, namely original, 10 mol, 20 mol, 30 mol, and
40 mol. The greater the treatment, the molarity value of the catalyst is aligned with the
narrowing of the bandgap distance.
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Fig. 5. (a) UV-Vis AR test results, (b) UV-Vis RB test results, (c) Tauc's Relation AR results, (d)
Tauc's Relation RB results.

3. Performance of Hydrogen Production with the Addition of External Magnetic Field

Based on the results of Tauc's Relation approach, it was found that the RB bandgap
value was smaller than AR. The bandgap values of RB, RB 10, RB 20, RB 30, and RB 40
are 1.92 eV, 19eV, 1.88 eV, 1.86 eV, and 1.84 eV respectively. AR, AR 10, AR 20, AR
30, and AR 40 bandgap values are 2.3 eV, 2.25 eV, 2.21 eV, 2.18 eV, and 2.15 eV,
respectively. Increasing the activation treatment of the amount of molarity NaOH can
increase the acceleration rate of hydrogen production. High rates affect the efficiency of
hydrogen production time but do not affect the amount of hydrogen produced. The hydrogen
production rate in AR is seen in Figure 6(a), while the hydrogen production rate in RB is
seen in Figure 6(b). Photocatalyst irradiation can produce holes and electron pairs due to
photons adsorbed on the surface. Holes are created by electron jumps from the valence band
(VB) to the conduction band (CB). Holes will cause an oxidation process in water to turn
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into hydroxyl. At the same time, the electron jump in the valence band will reduce water to
produce hydron. This hydron is the forerunner of hydrogen gas. Rapid recombination of
photocatalysts reduces the efficiency of oxidation-reduction reactions. One result is the
small amount of hydrogen formed. The addition of external magnets is the most hotly
discussed issue. External magnetism is a magnetic field where the amount of charge, speed,
and strength of the magnet determines the Lorentz Force. In photocatalytics, holes and
electrons are excited by photons. When holes and electrons move because they are affected
by the external magnetic field, they will undergo opposite forces. As a result, the
recombination of holes and electrons will be inhibited. This is evidenced by increased
hydrogen AR and RB production when the photocatalytic process is coupled with external
magnets. As shown in Figures 6(c) and 6(d), the increase in hydrogen production for AR
and RB is almost 1.5 times compared to the original photocatalytic.
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Fig. 6. (a) Production of hydrogen AR, (b) Production of hydrogen RB, (c) Production of hydrogen
AR + Magnet, (d) Production of hydrogen RB + Magnet.

IVV. Conclusions

The formation of photocatalysts from coffee waste was successfully carried out by
hydrothermal method. Activation of photocatalysts using NaOH affects the bandgap value.
Increased molarity tends to result in a smaller bandgap of coffee waste. This can be seen by
the emergence of aromatic organics in the form of porosity, and the value of the amount of
carbon increases. The bandgap reduction rate can be in line with the rate of acceleration of
hydrogen production, where time is getting shorter. However, this does not affect the amount
of hydrogen produced. The production of hydrogen with the addition of external magnets
affects up to 1.5 times greater than the original photocatalytic.
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