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Abstract

Aim:The aim of this study is to synthesize mesoporous silica (Santa Barbara Amorphous-16) nanoparticles
from silica obtained from rice husk ash and to use them in the electrocatalytic oxidation of methanol.
Methods:The electrochemical oxidation of CH3OH is facilitated using a novel catalyst that is based on
transformed mesoporous silica Santa Barbara Amorphous-16. Using SiO2/F127/BuOH/HCI/H20 gel,
mesoporous silica Santa Barbara Amorphous-16 nanoparticles are hydrothermally produced in an acidic
environment. An eco-friendly and cost-effective source of silica, stem rice husk ash is used to make pure
Si02 powder. The synthetic SBA-16 is studied by using BET, SEM,X-ray, TEM, and FT-IRmethods.
Dispersing the synthesized SBA-16 in a 0.1 Mole solution of NiCl modifies it with Ni(II). The combination
of NiSBA-16 with carbon paste results in analtered carbon paste electrode. Research uasing cyclic
voltammetry and chronoamperometry was conducted on a modified electrode to study the electrocatalytic
oxidation of CH3OH.

Result:Using NiSBA 16CPE results in a much higher oxidation current as compared to nonmodified CPE, as
shown by cyclic voltammetry. The catalytic active sites for methanol oxidation are generated by the
incorporation of Ni2+ into the channels of SBA-16.

Conclusion:It was found that anodic oxidation current rises at NiSBA-16CPE surface and in CH30OH,
whereas cathodic current reduces
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1. Introduction

Fuel cells are recognized as a potential storage of energy. They provide extremely efficient and eco-friendly
technologies for the conversion of energy. They function at low temperatures and immediately transform the energy
from a chemical process into electricity [1,2]. CH30H serves as fuel in fuel cells due to its straightforward functioning,
as well as its advantages in transportation and storage relative to H2-based fuel cells. The “direct methanol fuel cell
(DMFC)” often exhibits sluggish kinetics and elevated overpotential at the surfaces of most used electrodes. MSNs,
extensively utilized as catalyst and drug carriers, have garnered attention due to their substantial pore sizes, area of
surfaces, and elevated thermal stabilities, which facilitate the immobilization of functional groups within their
mesopores to enhance catalytic efficacy and drug performance [3-5]. The highly organized mesopores of MSNs
facilitate molecular transfer. The pore diameters of mesoporous materials may be adjusted and typically range from 2 to
50 nanometers. Mesoporous material has found widespread use since its inception in several scientific fields, such as
sensing, energy storage, and catalysis. The consistent pore size distribution with broad long-range order and large
surface area (approximately 1000 m*g) of these materials have piqued the curiosity of material scientists. The Santa
Barbara Amorphous (SBA) family of mesoporous silica nanoparticles (MSNs), developed and synthesized at the
“University of California in Santa Barbara,” has been extensively studied because to its highly organized mesopores and
substantial surface areas [6-8].

Santa Barbara Amorphous nanoparticle number 16 has been regarded as an alternate Santa Barbara Amorphous. The 3D
pore structure of the open channels derived from the highly organized mesopores of Santa Barbara Amorphous-16
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enhance the efficacy of incorporation, functionalization, transport of active catalysts and chemicals and adsorption
studies [9-12]. Prior research has shown that SBA16 may be used in several medicinal applications, including selective
supports for enzyme immobilization, medication delivery, and protein adsorption. Ho et al. synthesized Santa Barbara
Amorphous-16 using a soul-gel technique, then used a hydrothermal approach to integrate tin as catalyst supports for
investigating catalytic activity in the alkylation of aromatics with C6HSCH2CI [13]. Their synthesis approach used
white powder of silicon dioxide as the initial Silicon dioxid raw material, obtained from Rice husk that was chemically
pre-treated before calcination. A non-ionic surfactant called pluronic F127 was used as the surfactant that directs the
pores, while butanol was used as the co-surfactant. The Santa Barbara Amorphous -16 mesoporous silica nanoparticles
were identified by HR-TEM images [14,15].

The use of rice husk as a silicon source for the synthesis of mesoporous silica nanoparticles (MSNs) has attracted
interest owing to its abundance as a byproduct of rice cultivation. Rice husk is a notable agricultural byproduct in
nations that grow and export uncooked rice as a principal agricultural commodity. Food and Agriculture Organisation
(FAO) indicates that rice output reached 712.5 million tons in 2014, with around 20 wt% of husks. Incineration lowers
the bulk by 80%, resulting in about 28.5 million tonnes of rice husk ash (RHA), a by-product that has garnered
significant scientific attention and is used as a mineral additive[16,17].In comparison to other natural fiber plants like
cotton,bamboo, and bagasse, Rice husk has the greatest concentration, mostly including around 90 wt% SiO2. Among
all plant wastes, rice husk ash has the greatest silica content. Rice plants absorb orthosilicic acid from groundwater,
which is then polymerized to create amorphous silica in the husks. Rice husk (RH) is the external covering of the rice
kernel, including two interlocking parts. The husk is removed from the rice grain since it is inedible. The majority of the
husk is incinerated in fields, resulting in environmental issues, however minor amounts are used as a low-grade fuel in
brick kilns and for low-pressure steam production, among other applications. In the developed world, husk is used for
power generation via steam production, and the resultant ash is employed as a value-added component in the
manufacture of high-performance concrete. Agro-industrial waste is plentiful in China, with rice husks likely being one
of the most significant contributors. It may therefore be readily transformed into a value-added component for use in
concrete.A number of studies have been conducted to assess the viability of RHA. Xu et al., 2012 demonstrate that RHA
may serve as an economical building material. It enhances the system's longevity and may be used to manufacture high-
performance concrete. SEM tests indicate that RHA is a porous pozzolanic material characterized by a significant
quantity of holes ranging from 1 to 10 pm in size[18].

Electrotechnics, environmental research, and catalysis are just a few of the fields that have made use of functionalized
and metal-incorporated Santa Barbara Amorphous-16 [19-21]. Cubic mesoporous silica SBA-16, in contrast to its
hexagonal counterpart SBA-15, has received less attention from researchers. This might be because it requires a more
specific and controlled set of production conditions. According to Tsoncheva et al., the dispersion of iron nanoparticles,
which is controlled by the pore size of the support, has a substantial impact on the selectivity of CH3OH breakdown in
Fe-modified mesoporous materials [22]. Based on mesoporous silica templates, Shon et al. developed a solvent-free
infiltration approach to produce mesoporous tin oxide (SnO2) materials. Mesoporous SnO2 materials mimic the
morphologies of their silica-based predecessors to a remarkable degree [23]. The creation of mesoporous and
microporous materials relies heavily on silica, which may be extracted from these plants. This research focuses on the
synthesis of mesoporous silica (Santa Barbara Amorphous-16) nanoparticles using silica obtained from rice husk ash,
and their use in the electrocatalytic oxidation of methanol. The increasing need for sustainable energy solutions
necessitates the urgent development of efficient and eco-friendly electrocatalysts for energy conversion applications,
including methanol fuel cells. Mesoporous silica, specifically SBA-16, provides a substantial surface area and adjustable
pore architecture, making it an advantageous support medium for catalysts. Employing rice husk ash as a silica source
adheres to green chemistry principles, fostering waste-to-resource methodologies. This research seeks to generate
economical and sustainable mesoporous silica nanoparticles for methanol oxidation, therefore aiding the advancement
of alternate energy sources in the area of electrochemical catalysis.

This study analyzes the synthesis of mesoporous silica nanoparticles, especially Santa Barbara Amorphous-16, using
silica obtained from rice husk ash (RHA) as a sustainable resource. The objective is to use these nanoparticles in the
electrocatalytic oxidation of methanol. Subsequent to the introduction, the paper examines the current literature on
mesoporous silica materials, highlighting their structural characteristics, synthesis methodologies, and prospective uses
in catalysis. The methodology section outlines the experimental procedures for synthesizing SBA-16 and the
characterisation techniques used to evaluate the material's structural and textural attributes. The results section delineates
the findings about the performance of nanoparticles in methanol oxidation, emphasizing critical metrics of
electrocatalytic efficiency. The discussion reviews the results, examines implications for catalysis applications, and
tackles the study's shortcomings. The report finishes with suggestions for future research, emphasizing the optimization
of these mesoporous materials for improved catalytic applications, particularly in energy-related fields.

2. Research Methodology

2.1 Equipment and Reagents

Powder of silicon dioxide was obtained from stem rice husk ashusing the technique established by Kalapathy et al. [24].
Polytriblock copolymer, HCI, and C4sHoOH were acquired from Sigma. Powder of graphite, CHsOH, NiClz, and NaOH
were acquired from Merck. “XRD patterns were obtained using a Bruker D8 X-ray diffractometer (Germany) using
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copper K-alpha radiation. The FT-IR spectra was obtained at room temperature using an FT-IR spectrometer, within the
region of 500 to 3500 cm™. The structural and surface morphological analyses of the calcined mesoporous silica
samples were conducted using scanning electron microscopy and TEM. X-ray fluorescence was used to assess the
chemical composition of extracted powder ofsilica in oxide forms. The linear segment of the Brunauer-Emmett-Teller
(BET) plots was used to ascertain the surface areas of the samples using BELSORP mini 100 equipment. The size of
pore distribution was determined from N2 adsorption data using the traditional Barrett-Joyner-Halenda technique.
Electrochemical investigations were conducted using the Dropsens bipotentiostat/galvanostat.”

2.2 Silica powder is made from rice husk ash stems.

A black ash powder was originally produced by completely burning stem rice husk ash in air. White ash was obtained
by calcining the black ash powder in an air atmosphere heated to 700 degree celsius. The ash powder, which contains
silica, was mixed with 2 M NaOH while being vigorously stirred at 100 degree celsius for four hoursCrystalline
metasilicic acid was obtained by filtering the solution, allowing it to cool to ambient temperature, and then neutralizing
it with 1 mole of hydrochloric acid. A neutral medium was used to polycondensate the obtained silicic acid crystals for a
duration of 18 hours. After being crushed in the beakers, it was rinsed with deionizedH2O to eliminate soluble salts.
Overnight washing and drying at 70degreesCelsius yielded “pure silica xerogel”. The mortar was used to grind Xerogel
into a powder of pure silica. Scheme 1 depicts the several steps involved in making silica powder. Purified silica gel
production is detailed in Egs. (1) through (3):

Si02 + 2NaOH — Na2Si03 + H20..................... 1
Na2Si03 + 2HC — 2NaCl + H2Si03...................... 2
nH2Si03 - (Si02)n +nH20...............cccooeee .. 3

2.3 Nanoparticles using Mesoporous SBA-16 Synthesis

The structure-directing agent F127 was used in the hydrothermal synthesis of SBA-16. As a natural predecessor to
silica, ash from rice husks was used to produce a powder of pure SiO2. Following standard synthetic procedures, a
transparent gel solution was created by dissolving one gram of pure silica powder in eleven milliliters of 2.6 moles of
NaOH. Then, along with 34 millilter of H20 and 2.8 mL of butanol, 0.7 gram of F127 was dissolved to make a solution.
The solution was then slowly added 2.8 milliliters of 11.8 mol hydrochloric acid while being gently swirled for a whole
day in order to produce a gel. Next, the gel was autoclaved with Teflon and heated in an oven at 100degree celsius for
24 hours. The gel was filtered, washed, and dried to complete the synthesis of mesoporous silica SBA-16. After six
hours of calcination in air at 550 degree celsius, the organic template was removed.

2.4 Characterization of SBA-16

Stem rice husk ash is mostly composed of Silicon dioxide, with smaller amounts of Fe203,Na20, A1203, MgO, K20,
and P20S5 also present.The chemical compositions of RHA as determined by XRF. A high amount of silica is indicated
by this in stem rice husk ash. This work directly synthesized mesoporous silicon (SBA-16) using SCA as a silica
precursor. The presence of a distinct diffraction peak at 0.84 (2q) and the Bragg reflection indicate that high crystallinity
SBA16 has been synthesized. A noticeable band at 3500 centimeter per second is attributed to the stretching vibration of
OcH bonds between silanol groups and adsorbed water molecules, whereas the band at 1646 cm™ is a result of the
bending vibration mode. The main cause of the wide absorbance band between 1000 and 1300 cm™ is the presence of
asymmetric stretching (AS) modes in the silicon dioxide vibrational module. “The in-phase motion of two neighboring
02 atoms in relation to the central silicon atom (AS1) and the out-of-phase motion of the identical O2 atoms in relation
to the central silicon atom (AS2) are the two primary components of this band. Also, at around 960 cm™, the Si-OH
group shows a bending vibration”.

In SBA-16, the silicon oxide symmetric stretching modes are responsible for the presence of a band at 800-802 per
centimeter. A band at 490 per centimeter stands out more, which is thought to be caused by the vibration of Si-O-Si
bonds. Results from scanning electron microscopy and TEM analysis of the synthetic SBA-16 show that spherical SBA-
16 nanoparticles ranging in size from 30 to 60 nm aggregate together. Additionally, there are high-quality, three-
dimensional channels that go through the pores. An isotherm of type IV and a hysteresis loop of type H2 are features of
the sample. The mesopores undergo capillary condensation of nitrogen at a pressure of P/P0 = 0.47.

Table 1 The XRF analysis of the stem rice husk revealed its chemical of weight percentage.
Na20 Al203 P205 Fe203 K20 MgO CaO SiO2
0.221 0.53 8.263 0.411 2.078 1.403 0.846 85.42

2.5 Electrode preparation

Catalytically active mesoporous silica is created by substituting electroactive transition metal ions, such nickel(Il) ions,
for the cations, usually Na”, in the original material. The first stage in creating Ni(II) integrated SBA-16 was vigorously
swirling a mixture of 10 milliliters of 0.1 M NiCI2 with 0.3 gram of SBA-16 24 hours after grinding. After that, the
study centrifuged the sample to separate its components, rinsed it with deionized water to get rid of any residual Cl ions,
and then dried it in the oven for the night. A modified carbon paste electrode with a 30 percent (w/w) content was
created by hand-blending 0.3 gram of NiSBA-16 with 0.7 gram of graphite powder in (C2H5)20. Following the
evaporation of the solvent, paraffin was added to make the paste. The finished product was placed in a 1.5 mm inner
radius glass tube. An electrical connection was made using a copper wire. For 5 minutes, the modified electrode was
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submerged in a solution of 0.1 Mole NiCl2. Control studies were conducted at CPE and NiCPE to better investigate
NiSBA-16CPE's electrocatalytic properties in methanol oxidation.

3. Result

3.1 Effects of NiSBA-16CPE on Electrochemical reactions

Figure 1c illustrates the findings of the cyclic voltammetric analysis for NiSBA-16CPE in a 0.1 Mole NaOH solution,
using a potential sweep rate of 25 megavolt per sec. The picture illustrates two separate redox peaks on the NiSBA-
16CPE surface, signifying active electrochemical action. In the presence of methanol, the surface current of NiSBA-
16CPE markedly increased, but the current for the unmodified carbon paste electrode (CPE) exhibited no variation,
underscoring the electrocatalytic characteristics conferred by the Ni(Il) alteration. The rise in current at the modified
electrode is ascribed to the nickel active sites on the NiSBA-16CPE surface, which promote redox activity in an alkaline
environment. Additionally, in the alkaline NaOH solution, mesoporous SBA-16 may experience ion exchange, whereby
Ni?" ions inside the structure may be substituted by Na* ions from the solution. The exchange process may modify the
stability and activity of the Ni(II) species on the electrode surface, thereby impacting the electrode's catalytic
effectiveness over time. The existence of mesoporous channels in SBA-16 presumably facilitates methanol access to the
catalytic sites, hence augmenting the total current response. These results illustrate the essential function of Ni(II) active
sites within the mesoporous structure in facilitating methanol oxidation, potentially influencing the design of electrodes
for energy conversion applications. Additional investigation into ion exchange effects and the optimization of Ni content
in SBA-16 may boost catalytic performance and stability in fuel cell applications.
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Figure 1. Cyclic voltammograms of CPE and NiSBA-16CPE at a rate of 25 mV sL1 in the presence of 0.03 M
methanol in 0.1 M NaOH (b and d) and without (a and c) of this solution, respectively

The following is an illustration of the Ni2+—Na+ exchange at NiSBA-16CPE based on the mechanism suggested by
Bessel and Rolison [20].

Ni%fs) + 2Nat > Nifjhy + 2Naj,g. oo 4

where ms (mesoporous silica), s (solution), and int (mesoporous silicaesolution interface) are appropriate descriptors.
The redox process is carried out at the interface between NiSBA-16CPE and the electrolyte, where Ni2+ ions react with
OH- to create nickel(Il) hydroxide, as described in Reaction (5).

Ni2* +20H™ > Ni(OH)p........oooviiiiiiiiie 5

The following reaction occurs when “nickel(II) hydroxideis oxidized to nickel oxyhydroxide during the anodic sweep,
and when nickel oxyhydroxide is reduced to nickel(II) hydroxide in the cathodic direction” [25,26]:

Ni(OH), + 20H™ > NiOOH + H,0+ e ........coviiiinnn. 6

At different scan speeds, the electrochemical behavior of “NiSBA-16CPE” studied in 0.1 Mole NaOH. At a scan rate of
15 mV per second, two redox peaks were seen, as shown in Figure 2A, with an E1/2 value of 421 mV and a DEp value
of 152.5 mV. A rise in AEp with the scan rate demonstrated a progressive charge transfer mechanism in the contacts
between the electrolyte ions and the changed film. To use the formulae for peak-to-peak separation, one has to ensure
that AEp is more than 0.2/n Volt, where n is the number of electrons exchanged [27].

Epe=EC+YLn|2| . 7

_ 0 1-a
Epa = E" 4+ XLn [T ......................... 8
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log ks = alog(1 — a) + (1 — a)log a — log (E>

nFv

a(1-a)nFAE,
2.303RT

According to cyclic voltammograms taken of “NiSBA-16CPE in 0.1 M NaOH?”, the logarithm of the scan rate (n)
affects both the cathodic and anodic peak potentials (Ep), which vary between 0.005 and 0.6 V per second. When the
scan rate is more than 0.075 V per second, Laviron proved that Ep is proportional to log n. The electron transfer
coefficients for the anodic (o) and cathodic (B) sites are 0.74 and 0.26, respectively, as shown in Figure 2B and
computed using Equations (7) and (9). Evidence like this suggests that there could be separate rate-limiting phases in the
anodic and cathodic processes [28]. With a scan rate of 300 mV per second, the average value of the standard rate
constant (ks) is determined to be 0.064 per second. Also, the peak currents at the anode and cathode are precisely
proportional to the scan rate with scan rates ranging from 0.005 to 0.075 Volt per second [29].An equation representing
a reversible process involving adsorbed species may be obtained from the linear part of the Iey diagram and used to
calculate the surface coverage.

__ n?F*mr*
P 4RT
“Ip signifies the peak current, A indicates the electrode surface area, and G defines the surface coverage of the redox
species. The average of the cathodic and anodic currents indicates that the overall surface coverage of the immobilized
active species is about 3.2 x 107® mol centimeter per square”. At scan rates beyond 0.075 V per second, the anodic and
cathodic peak currents are influenced by the square root of the scan rate (v'/?), signifying that a diffusion-controlled

mechanism progressively prevails with the elevation of the scan rate.
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Figure 2. Cyclic voltammograms captured on the NiSBA-16CPE in 0.1 M NaOH at different scan speeds (A). (B)
Cyclic voltammograms including anodic and cathodic peaks, with Ep shown against log n. (C) How Ipa and Ipc
rely on n at lower values, and (D) depend on n1/2 at larger values and vice versa

Fig. 3a shows cyclic voltammograms of “CPE, NiCPE, SBA-16CPE, and NiSBA-16CPE” in a solution containing 0.03
MoleCH3OH in 0.1 Mole NaOH. This allowed us to trace the involvement of the modified electrode in the oxidation of
CH3OH. Only on NiSBA-16CPE does the anodic oxidation rise current. Figure 3¢ and d show that the “mesoporous
silica SBA-16 “does not have a major impact on the methanol oxidation process. NiSBA-16CPE has a significant
number of holes, which increases the surface area for the absorption of Ni2+ ions. Figures 3a and b show that a tiny
oxidation peak at 0.6 V, caused by the oxidation of methanol, was visible on the surface of NiCPE [30].
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Figure 3. At a scan rate of 25 mV sL1, cyclic voltammograms were obtained on (a) CPE, (b) NiCPE, (c¢) SBA-
16CPE, and (d) NiSBA-16CPE in the presence of 0.03 M methanol in 0.1 M NaOH

The electrocatalytic activity of the modified electrode is markedly affected by the NiSBA-16 ratio, with differences seen
at 20%, 30%, and 40% loading levels. Experimental findings demonstrate that a 30% Ni(II) load on mesoporous SBA-
16 nanoparticles yields the maximum anodic current for methanol oxidation, attributable to an ideal equilibrium
between accessible catalytic sites and conductive routes. With an increase in nickel loading, the catalytic surface area for
methanol oxidation expands, facilitating electron transport and augmenting methanol oxidation processes on the
electrode surface.Nevertheless, owing to the intrinsically poor conductivity of SBA-16, augmenting the fraction of
mesoporous silica above an ideal limit (30%) in the electrode may result in an increase in total resistance. This increased
resistance presumably obstructs electron passage, hence reducing the efficiency of methanol oxidation. Moreover, an
excess of SBA-16 in the matrix may dilute the active Ni(I) sites, hence diminishing the current density and eventually
resulting in reduced electrocatalytic activity. This trade-off underscores the need of adjusting NiSBA-16 concentration
in electrode design to attain both efficient charge transfer and strong catalytic activity.

3.2 NiSBA-16CPE conducts electrocatalytic oxidation of CH30H.

Figure 4A shows the results of an analysis of the influence of CH3OH concentration on the cyclic voltammetry of
“NiSBA-16CPE”, which allowed us to analyze the electrochemical oxidation of CH3OH on the electrode surface. Two
separate anodic peaks (pl and p2) are seen at lower methanol concentrations, as shown in Figure 4B. Peak p1l, which is
about 0.56 Volt, is linked to the redox transition of the “a-Ni(OH)2/NiOOH” pair, while peak p2, at 0.78 Volt, is linked
to the “B-Ni(OH)2/NiOOH” pair. Two distinct crystal structures of Ni(OH)2 are o-Ni(OH)2 and -Ni(OH)2. As the
electrochemical oxidation process with a Ni electrode progresses in an alkaline solution, the originally formed “a-
Ni(OH)2 transforms into B-Ni(OH)2”. The anodic sweep converts “a-Ni(OH)2 to B-Ni(OH)2” when methanol is
present, and oxidation to NiOOH happens at peak pl on NiSBA-16CPE. Peak p2 rises dramatically with increasing
methanol concentration, but peak pl decreases or vanishes altogether at these same concentrations. Despite the fact that
“a-Ni(OH)2 oxidizes to NiIOOH” at peak pl in the anodic sweep, B-Ni(OH)2 is reduced to its original form when
CH3OH is present. During the anodic scan, the current density at peak p2 grows in proportion to the concentration of
methanol.This is because the oxidation process benefits from additional B-Ni(OH)2 active sites, which leads to the
following catalytic process:

B —Ni(OH), + OH™ - NiOOH+ H,0+e ............... 11

NiOOH + CH30H — Pog + Ni(OH)g.....eoeeoiieeeeeeeen 12

where Pox displays the byproducts of oxidizing methanol. Some of the possible byproducts of oxidizing methanol are
carbonate, formaldehyde, and format. The process that Fleischmann et al. suggested yields RCOOH as a byproduct [31].

Ni(OH), + OH™ > NiOOH + H,0+ e ......cooeeiniennnn. 13
NiOOH + RCH,0H — Ni(OH), + RCHOH................... 14
RCHOH + 30H™ —» RCOOH + 2H,0 +3e™................ 15

In the anodic direction, the peak currents of pl and p2, which represent the “o -Ni(OH)/NiOOH and b-
Ni(OH)2/NiOOH” redox couples, respectively, rise. In contrast, the cathodic sweep has a decreasing peak current
associated with NiOOH reduction, and this decrease is strongly influenced by the concentration of methanol. A higher
concentration of methanol during methanol oxidation allows for a larger conversion of NiOOH to y-Ni(OH)., leading to
stronger anodic currents. On the other hand, as the concentration of methanol rises, the cathodic peak current drops
because a-Ni(OH): is formed during methanol oxidation, replacing available NiOOH active sites.
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Figure 4. (A) NiSBA-16CPE current—potential curves for electrocatalytic methanol oxidation in a 0.1 M NaOH
solution with varying methanol concentrations, scanned at a rate of 25 mV sL1.(B) From the main panel of (A),
seen in the zoomed cyclic voltammograms of (b) and (e). (C) SBA-16CPE mass activity diagram
Reduction current drops off less sharply as the methanol concentration rises, as shown in Fig. 4. Based on the data, it

seems that the reduction of nickel oxyhydroxide is a relatively sluggish response compared to its decrease.
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FigureS.(A) NiSBA-16CPE cyclic voltammograms with 0.03 M methanol in 0.1 M NaOH, scan rates (B) Cyclic
voltammograms zoomed

The cyclic voltammograms of NiSBA-16CPE acquired with 0.03 MoleCH3OH in 0.1 Mole NaOH are shown in Fig5.
Rates of scan are between 25 and 300 mV s-1. Raising the san rates causes the anodic oxidation current to rise [32].
Figure 9B shows that there are two peaks, pl and p2. Scan rate determines peak p2 height. When the scan rate is low
(<0.15 V-1), peak p2 is visible; however, when the scan rate is large, it vanishes. According to these results, when the
modified electrode is used, the e- transfer from active B-Ni(OH)2/NiOOH to NiOOH is limited in space and time. When
“a-Ni(OH): is oxidized to NiOOH?”, the anodic current mostly forms
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Figure 6. Plots of (a) Ipa vs. n (b) Ipa vs. n0.5 (c) Log Ipa vs. Log n (d) Ipa/n0.5 vs. log n for oxidation of 0.03 M
methanol in 0.1 M NaOH at NiSBA-16CPE.
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Figure 6a shows the Ipa versus n curve that was created by cyclic voltammetry of “NiSBA-16CPE in a solution that
included 0.03 MoleCH30OH and 0.1 M NaOH”. Figure 6b shows a plot of “peak current vs the square root of the scan
rate”, which suggests that the electrocatalytic process was regulated by diffusion rather than surface. A log Ipa against
log v plot with an adsorption-controlled process should have a slope of 1.0 and a diffusion-controlled process should
have a slope of 0.5, according to theory [33,34]. Figure 6¢ shows that during methanol oxidation on NiSBA-16CPE,
there is a linear connection between log Ipa and log n. The slope of 0.33, which is calculated from the linear area, is very
close to the theoretical value of 0.5, indicating that the current is mostly regulated by diffusion.

The modest discrepancy with theory, however, is due to the kinetic limitation's contribution to the process as a whole.
Modified electrodes made of mesoporous materials, such SBA-16, are very stable even when exposed to high pH. The
voltage was varied from 0 to 1 V. The solution began to absorb a trace amount of Ni** ions after many cycles. This is
probably because Ni?* binds strongly to SBA-16, which in turn binds to the mesoporous silica's pore walls. The result
was that the adjusted electrode's peak current hardly changed [35]. Also, after three weeks, when 0.03 M methanol was
present on the NiSBA-16CPE, the peak current density for methanol oxidation showed a slight drop in 0.1 M NaOH.
Ni2+ leaking into solution or methanol oxidation product adsorption to NiOOH active sites are likely causes of the
weakening of the anodic current. A range of methanol concentrations was also tested to determine NiSBA-16CPE's
stability. A small reduction in the current density of the anodic oxidation current was seen after several sweep scan rates.
When the methanol concentration is high, the current density drops significantly.

3.3 Chronoamperometric study

Chronoamperometry is used to measure the rate constant for CH3OH oxidation on the “NiSBA-16CPE” catalyst. The
double-step chronoamperograms, or et curves, are shown in Figure 7. The first step involves establishing the modified
electrode potential at 730 megavolts, and the second step is at 350 megavolt, with respect to Ag/AgCl. The Cottrell
equation describes the observed diffusion-controlled mechanism, which is shown by the exponential amperograms.
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Figure 7.(A): dependence of current on t L1/2, derived from the data of chronoamperogram. (B): dependence of
Ic/IL on t ', derived from the data of chronoamperograms.

The following equation is used to compute the k of the electrocatalytic oxidation of CH30OH on the active sites of the
“NiSBA-16CPE” modified electrode based on chronoamperograms [36]:

:—: = yV2[n2erf(y/?) + exp(—=Y)YY2] oo 16

The catalytic current of “NiSBA-16CPE” in the presence of CH3OH is denoted as Ic, the limiting current in the absence
of CH3OH is denoted as IL, and the value of Y is equal to kCOt, where C is the parameter of the error function. The
reasoning uses the concentration of CH3OH in bulk solution, denoted as C0O. Assuming Y>> 2, we see that Equation (16)
is reduced to as the error function approaches 1:

=y 2ml/2 = w2 (RCot) Y2 17
L

CO0 is the methanol concentration, t is the amount of time that has elapsed, and k is the catalytic rate constant. By
analyzing the chronoamperogram of “NiSBA-16CPE” in both solutions with and without 0.1 MoleCH3OH in 0.1
MoleSodium hydroxide, one may determine the catalytic rate constant by calculating the slope of the linear plot of Ic/IL
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vs. t 1/2. Equation (17) was used to find that the average value of k is about 1.184 x 103 per cubic centimeterper
moleper second.

Conclusion

The electrocatalytic properties of Ni(Il)-modified mesoporous silica in conjunction with carbon paste were examined by

cyclic voltammetry and chronoamperometry. Cyclic voltammetry demonstrated an elevation in anodic oxidation current

at the NiSBA-16CPE interface in methanol, but the cathodic current decreased. Modifying the electrode may mitigate
the sluggish reaction rate in an alkaline solution by reducing the overpotential for methanol oxidation, thereby
improving its efficiency. The lack of a peak in the anodic scan during studies with SBA-16CPE in methanol indicates
that SBA-16 alone does not engage in the oxidation process. The electrocatalytic conversion of methanol necessitates

Ni?*, which the non-conductive SBA-16 nanoparticles are incapable of supplying independently. Future research might

investigate the incorporation of supplementary metal nanoparticles or conductive polymers into the SBA-16 framework

to augment electron transport and boost the efficiency of methanol oxidation. The creation of novel hybrid materials
with enhanced conductivity and catalytic characteristics may further reduce overpotentials. Furthermore, enhancing

Ni(II) loading and adjusting the porosity of silica might improve overall electrocatalytic performance, presenting

prospective uses in fuel cells and renewable energy systems.
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