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ABSTRACT. Nano-copper oxide was prepared by utilizing photolysis method and characteristic by using FT-IR,
XRD and SEM; the nano size was about 51 nm, environmental impact (pollution reduction) can be improved by
using nanostructure particles in preventing corrosion, and nanocomposites have also proven to be an effective
alternative to other hazardous and toxic compounds. The results of the current article indicated that the inhibition
efficiency increases with increasing concentration of nano-oxide which is added to methyl orange, curcumin, the
corrosion rate (CR), inhibition effectiveness were studied at different temperatures. The results showed an increase
corrosion rate and a decrease in inhibition efficiency with increase temperature.
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INTRODUCTION

Corrosion is described as damage (partial or entire) to an alloy or metal's appearance and
performance as a result of the alloy or metal's contact with the medium, whether it is a liquid or a
gas [1]. Corrosion is a problem for assets such as (industries, buildings, traffic and railway bridges,
and residences) [2, 3]. Corrosion is a natural and spontaneous process that results in the
transformation of pure metals and their alloys into a variety of stable forms (sulfides, oxides,
nanoxides, hydroxides, etc.) through chemical and electrochemical reactions with their
surroundings [4]. As we all know, material corrosion produces a slew of issues in our lives, as
well as significant economic, health, and safety consequences. Metals can be protected from
corrosion in a variety of ways [5]. For example, various coatings can be used to manage and
protect metals from corrosion [6]. Because of their exceedingly tiny grain size and high grain
boundary volume percentage, nanostructured materials (1-100 nm) are known for their
remarkable mechanical and physical properties [7]. Various facets of nano-scale material
synthesis have made significant progress, the emphasis is increasingly turning away from
synthesis and toward the creation of functional structures and coatings that are more resistant to
the corrosion, iron is widely employed as a construction material in most major industries,
including petroleum, food, power generation, chemical industries, and electrochemical industries,
owing to its good mechanical qualities and reduce cost, iron main issue is dissolving in acidic and
alkaline environments. iron corrosion in concentrated acidic aqueous solutions is a major concern
in the most of industries where acids are commonly employed for many applications such as acid
cleaning, acid descaling, acid pickling, and oil well acidizing, because of the acid solution's
general abrasiveness, construction materials corrode quickly, to prevent metal breakdown and
reduce acid usage, corrosion inhibitors must be added [8]. The use of nanotechnology to change
the iron/electrolyte contact has been used to lessen the impact of corrosive conditions (e.g
production of nanocomposite coatings on Stainless steel) [9-11]. The use of nanomaterials for
corrosion control has made significant progress recently, as summarized in [12]. The integration
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of nanoparticles in coatings for better qualities such as corrosion resistance is discussed in this
study.

EXPERIMENTAL
Chemicals

All of the reagents, starting substances, chemical solvents were obtained commercially:
hydrochloric acid, HCI (1 M); acetone C3HgsO; benzene, CsHs; ammonium hydroxide, NH4OH
(25%); copper nitrate Cu(NO3),; ethylene glycol, C;HsO,; methyl orange, Ci4H1sN3NaOsS; and
curcumin dye were used as received.

Techniques used for analysis

To analyze the metal surface before and after corrosion in the presence and absence of inhibitors,
the scanning electron microscopy (SEM) technique was used. specification of the scanning
electron microscope (Model Vega I1I) made in the Czech, Fourier transform infrared spectroscopy
(FTIR) the spectra of compounds were captured using a (Perkin Elmer Speactum- 65 at 400—4000
cm!) using the KBr disk technique.

Preparation of CuO [13]

The nanoparticles of copper oxide (CuO) were prepared utilizing photolysis method. At the first,
(2 g) of copper(Il) nitrate (Cu(NOs)2) was dissolved in (100 mL) distilled water. Then, it was
irradiated for (2 h) using the system of UV-irradiation with power (125 W), then the fresh
precipitate was separated and washed with acetone for 5 times, and burned at 600 °C.

Preparation of nanocomposite solution

The composites that used in the (coating process) with 100 ppm concentration were prepared by
using a natural dye curcumin with copper oxide nanoparticles (nanocomposite) at different
concentrations indicates with symbol (Z;-Zs) and an organic dye methyl orange with copper oxide
nanoparticles (nanocomposite) at different concentrations indicates with symbol (A;-As) as shown
in Tables 1 and 2.

Table 1. The proportions of mixing curcumin dye with copper oxide nanoparticles.

No. Symbol Curcumin Copper oxide
1 Z 95% 5%
2 Y4 90% 10%
3 Y4 85% 15%
4 Zs 80% 20%
5 Zs 75% 25%

Table 2. The proportions of mixing methyl orange dye with copper oxide nanoparticles.

No. Symbol Methyl orange Copper oxide
1 A 95% 5%
2 A 90% 10%
3 As 85% 15%
4 A4 80% 20%
5 As 75% 25%
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Weight loss procedure

The most common approach for determining corrosion rate and inhibitor performance is the
weight loss technique because this method is considered one of the best methods used in most
research articles, as it is characterized by accuracy and availability. iron specimens were cleaned
using 220, 320, 400, and 600 grit emery paper, then rinsed with running tap water, distilled water,
and dried with clean tissue. The specimen was weighed using a four-decimal digital scale, and its
dimensions were measured using a vernier to the second decimal of millimeter for 3 hours, a
specimen with known surface area and mass is immersed in the test corrosive solution. The mass
loss after removing the corrosion products or other deposits from the metal is used to calculate
the loss of a metal due to corrosion. The exposed surface area of the specimen and the test period
are normally documented along with the mass loss values. The mass loss per unit time per unit
area is calculated.

RESULTS AND DISCUSSION
Spectroscopy study

The peak found at 495.9 cm™! in the infrared spectra of copper oxide nanoparticles is a band related
with the stretching vibration of Cu-O bonds. The vibration bands within 1602.3 cm™ are CO,
vibration bands. O-H bonds are represented by vibration bands between 2800 and 3500 cm™' (3428
cm). The existence of moisture content is responsible for O-H bonds with very low bands which
is due to humidity during the examination. Figure 1 shows that copper oxide was synthesized,
which is supported by the presence of a Cu-O bond [14].
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Figure 1. FTIR spectrum of synthesized CuO nanoparticles.
XRD analysis

XRD is used to study phases and crystals structure. The XRD technique was used to determine
and confirm the crystal structure of the nanoparticles. X-ray diffraction pattern for (Copper oxide)
was shown in Figure 2. The Deby-Sherrer formula listed below was used to calculate the particle
sizes [15-18]:

D =0.9 AP cosb (1

Where D: is the crystallite size, A: is the wave length of radiation, B: is the full width at half
maximum (FWHM) and 0: is the Bragg’s angle. The estimated particle size of the (copper oxide)
is 51.52 nm.
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Figure 2. XRD of (CuO) copper oxide nanoparticles.
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Figure 3. SEM of (CuO) copper oxide nanoparticles.
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FE-SEM analysis

The surface morphology of copper oxide nanoparticles was examined by using a scanning electron
microscope, and the results showed a large agglomeration of the nanoparticles with smooth
surface as shown in Figure 3.

Weight loss measurements

The formula listed below was used for evaluating corrosion rates (CR) both in the absence and
presence of inhibiting agents [19]:

AW
CR = - (€))]
AW is the amount of weight loss in grams, t is the exposure time in days, and A is the item's area
in meters squared. G/m? per day (gmd) is a unit of measurement for corrosion rates.
Using the following equation to evaluate inhibition effectiveness:

% IE = CR uninh — CR inh % 100 @
0 - CR uninh

where CRi,, and CR..inn are, respectively, the corrosion rates in the presence and absence of
different inhibitor concentrations, at various operating circumstances, inhibitor effectiveness and
corrosion rate were assessed; the findings were compiled in Table 3. It is evident that the rate of
corrosion (CR) expanded with temperature and reduced with the concentration of an inhibitor
[20].

Table 3. Corrosion rate and inhibitor efficiency with different concentration of (nanocomposite) at room

temperature.

No. Name of sample CR (gmd) E%
1 Blank 225.149
2 Z 43.75 80.56
3 7> 33.185 85.26
4 Z3 32.11 85.73
5 Z4 26.007 88.44
6 Zs 20.592 90.85
7 A 29.16 87
8 A 19.093 91.51
9 As 18.427 91.81
10 A4 15.364 93.17
11 As 3.452 98.46

We note that the presence of CuO with (curcumin and methyl orange) caused a reduction in
corrosion and an improvement in coatings' effectiveness. Numerous studies have demonstrated
that coatings are just one of the common ways to shield metals against the effects of acidic
conditions and salty [21-23].
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Figure 4. The effect of increase temperature on inhibitive efficiency of (CuO — curcumin).
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Figure 5. The effect of increase temperature on inhibitive efficiency of (CuO — methyl orange).

Figure 4 and 5 show the effect change in temperature on the corrosion rate (CR) with different
amount concentrations of nanocomposites, and these data show that increases temperature that
raise rate of chemical reactions [24] high temperatures have many effects on chemical reactions,
which have increased rates with an increase in temperature from (293, 303, 313, and 323 K) [25-

29].
Inhibitor performance and adsorption studies

It has been demonstrated that raising concentrations of inhibitors ranging from 20 to 100 ppm
reduces the corrosion rate to extremely low levels. The adsorption mechanism can be studied
using the corrosion rate data.

Langmuir adsorption isotherm

Using the equation 3 to calculate (Langmuir adsorption isotherm),

Ci 1 .
E—E‘FCI (3)
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Figure 6 shows plots of (%i) versus (Ci) for (CuO — methyl orange) and (CuO-curcumin) at

different temperature. The data given was linear, demonstrating the Langmuir isotherm shows
that inhibitors are absorbed, It might also provide an explanation for the increase in inhibitor
effectiveness brought on by an increase in the number of inhibitor molecules that adsorb on
surfaces [30]. K¢ values that can be calculated from the straight-line intercept can be, and then
substituted in equation to calculate AG® ads and correlation coefficient (R?). The inhibitor
adsorption equilibrium constant K values rise as the temperature rises. The stronger adsorption
was amply demonstrated by the higher K; values. From observing the R, values, we find that the
highest value (0.999) is close to the correct one, evidence of absorption following Lanckmuir’s
law.
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Figure 6. Langmuir adsorption isotherm of (CuO — methyl orange).
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Figure 7. Langmuir adsorption isotherm of (CuO — curcumin).
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CONCLUSION

In this study, copper oxide nanoparticles were prepared using photolysis method. The method of
coating the metal by prepared nanocomposites (nano-oxide + dye) was also chosen, and the results
indicated that a protection for the metal surface occurred after coating it with the above-prepared
nano-composites. It was found that the increase in the inhibition efficiency is directly proportional
to the increase in the percentage of nano-oxide in the prepared compounds.
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