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Abstract

In this paper, based on the microscopic mass change monitoring technology, the
microscopic mass method was used for the first time to detect the mass change of
adsorbed nitrogen dioxide by nanowire materials in real time and to calculate the
kinetics of the reaction process of adsorption of acidic gases by its nanomaterials by
combining with the Arrhenius equation and adsorption isotherm theory. We conclude
that the activation energy of its corrosion process is 75k]J/mol, and we find that it is
irrecoverable after adsorption of nitrogen dioxide through multi-concentration real-
time monitoring, and the corrosion rate of copper nanowires in nitrogen dioxide is
extremely fast, and the corrosion resistance is still a big challenge.
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1. Introduction

With the development of science and technology and the human requirements for visual effects, smart
device performance and renewable energy exploration continue to improve, the traditional metal
nanowires no longer meet the needs of the science and technology market, so the development of
nanomaterials with lower resistance and excellent optical properties is the current science and
technology market urgently need to be resolved, in this regard, we found that silver nanowires are
due to its unique physicochemical, optical and mechanical properties[1] etc. are widely used as
conductive thin-film materials for displays[2-4], solar cell electrodes (SC)[5-8] and chip materials[9-
11].

Currently, nanomaterials still face the problem of material corrosion. Corrosion constrains the
development of human science and technology, and the global economic losses due to corrosion are
huge every year: according to a 2016 study by NACE International, the economic losses caused by
corrosion amount to 2.5 trillion dollars per year. The economic loss caused by material atmospheric
corrosion accounts for more than half of the total sum of all types of environmental corrosion, and
material atmospheric corrosion causes significant economic losses[12]. In addition to this, corrosion
also brings a number of safety problems to human beings, such as structural safety problems[13-15],
environmental pollution[16-18], resource waste[19-21], and technological development barriers[22].

Therefore, this paper introduces a novel means of testing material corrosion, through which the
microscopic corrosion of nanomaterials is studied in depth, this paper is based on the mass change
monitor to study the corrosion dynamics of nanomaterials, which will break the traditional means of
metal corrosion research, and will be a deeper study of atmospheric corrosion encountered in the
process of nanomaterials application, and this technology will definitely point out a clear direction
for the exploration of nanomaterial corrosion.
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2. Experimental Section

2.1 Material

In this paper, the research object is silver nanowire, Fig. 1a is the SEM picture of nanowire, which
was prepared with slender and uniform diameter, Fig. 1b is the transmission electron microscope
picture of silver nanowire, whose lattice spacing is 0.238 nm, which corresponds to the XRD in the
picture of Fig. 1d to get the {111} crystalline surface, and through the counting of the diameter of the
nanowire in the image, the diameter of the nanowire is in the range of 223 nm, and Fig. le is the
picture of the nanowire before reaction on the cantilever beam. Fig. 1e shows the optical microscope
image of the nanowire on the cantilever beam before the reaction, and Fig. 1f shows the optical
microscope image of the nanowire on the cantilever beam before the reaction, through the observation,
we found that before and after the reaction, the surface of the nanowire appeared black patches, we
believe that it is in the nitrogen dioxide atmosphere caused by the morphological changes, so the
process of the change is very worthy of study, we will introduce a new corrosion research technology,
the micro-mass change monitor to carry out real-time data recording of the quality change of the
nanomaterials. In this study, we will introduce a new technique for corrosion research, the micro-
mass change monitor, to record the mass change data of nanomaterials in real time, and at the same
time, we will calculate the slope of the mass change and the corrosion kinetics by combining with
Arrhenius equation.

Fig.2 TEM of Cu NWs
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Fig.4 XRD of Cu NWs

2.2 Test

In this paper, through the micro-mass change monitor on the point on the sample to be tested after
waiting for its change in the air after the stabilization of the switch to different concentrations of
nitrogen dioxide gas, Fig. 2a-e for the different concentrations of the material adsorption of the gas
and the reaction to the process of increasing the weight record, which can be observed with the change
of concentration, the numerical value of the progress of the reaction Observation of its longitudinal
coordinates can be seen as a result of the increase in concentration with the higher the value of the
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progress of the reaction. The summary of its adsorption can be seen in Table 1, in addition to this, the
gas sensing of nanowires has also been explored, and its corresponding degree of DDVP is detectable,
and its response value is 1120s, which is a poor performance, but we provide a new method to study
the gas sensitivity, which can be explored through the mass change caused by adsorption of gases on

the surface of the material, which is distinctive from the traditional gas sensing. In the future, we will
explore the field of gas sensitization by this new test method and open up a new research field of
mass-based gas sensitization.
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Fig.5 Response of Cu NWs with different concentration NO in 263K
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Fig.6 Response of Cu NWs with different concentration NO in 268k

96



International Core Journal of Engineering Volume 11 Issue 1, 2025
ISSN: 2414-1895 DOI: 10.6919/ICJE.202501_11(1).0010

We through the same material to different temperatures under the material adsorption rate curve
calculation, we through the different point sample mass monitor into different temperatures for the
same concentration of nitrogen dioxide gas probe its corrosion rate, and ultimately the resulting data
through the normalization of the mass number processing, the final reaction rate are in a benchmark
unit and ultimately combined with the Arrhenius equation calculating the activation energy, which
268k temperature The reaction rate is -0.01761 at 268k and -0.02644 at 263k, resulting in an
activation energy of Ea = 47.6855 KJ/mol.

In addition to explore the concentration of silver nanowires adsorption effect, more probe its corrosion
process in the initial corrosion rate, and through the corrosion rate combined with the Arrhenius
equation to calculate the activation energy, the activation energy calculation significance mainly lies
in the ability to intuitively see the reaction speed as well as the material at different temperatures
under the reaction rate of the probe, which brings a new measure of nanomaterials working
temperature.

Table 1. Summary Ea of different concentration NO in 263k/268k, respectively

Concentration(ppm) Temperature(k) Slope Activation energy(kcal/mol)

263 -0.00127

100 91.9
268 -0.00278
263 -0.00210

200 102.5
268 -0.00503
263 -0.00421

400 87.2
268 -0.00885
263 -0.00719

600 75.4
268 -0.01126
263 -0.00719

800 75.1
268 -0.01364
263 -0.00835

1000 72.1
268 -0.01544

3. Conclusion

Copper nanowire material in the atmosphere is more prone to be corroded by nitrogen dioxide gas
molecules, so this paper investigates its activation energy in the corrosion process, by calculating its
adsorption isotherm, as well as its activation energy, its activation energy in the 75kcal/mol or so, this
paper and carried out a gas-sensitive test of the DDVP, and found that the response is slower, but has
a certain potential for the gas-sensitive research materials, and finally, this paper's means of research
will be a new direction for future research on activation energy.
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