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Abstract

Corrosion is critical to a researcher since it has a substantial impact on both people's safety and the
economy. A new approach based on a unique material has been employed to prevent rusting. Conducting
polymer-composites are material types that show promise for anticorrosion by electrochemical synthesis
of polyanethole(PA)/metals oxide nanocomposite (ZnO,TiO>) on Stainless Steel 304L (SS-304L) which
plays as working electrode by using electropolymerization technique. The synthesized coating polymer
was characterized by Fourier transform-infrared spectroscopy (FTIR) and atomic force microscopy
(AFM) checkups. The findings demonstrated that when compared to the blank SS- 304L, PA/Nano
composite and PA provide the strongest corrosion defenses for the metal. The results explained that the
corrosion protection increased from 71% for PA film to 98% for PA/ZnO film and to 87% for PA/TiO;
at 298K .In addition, calculations were made for the kinetic and thermodynamic parameters (Ea, A, AH,
AS and AG). Escherichia coli and Staphylococcus aureus, two gram-positive and gram-negative
bacteria, were used to test the biological activity of polymeric film (E.Coli).

Keywords: Anethole, Corrosion, Electropolymerization, Nanocomposite, Polyanethole.

Introduction

Process of electrochemical polymerization includes
the monomer being oxidized to create radical, then
the radical cations interacted with one other or with
another monomer to form a radical dimer, which
subsequently moved to a trimer with a longer chain
length®. Electro polymerization has been described
for monomers such as methyl methacrylate?,
styrene®, aniline as a poly methyl aniline*, and
pyrrole®. The electrochemical polymerization
process required a precise interaction between the
working electrode and the monomer, resulting in
strong coating adherence®.

In anise oil, Anethole (1-Methoxy-4-[(1E)-prop-1-
en-1-yl]benzene) plays a significant role. The oil isa
colorless to pale-yellow liquid or crystalline mass
with a powerful, sweet odor which is characteristic
of anethole, its chemical structure explained in
Scheme 1, and this oil is used for flavoring foods,
beverages, and oral hygiene products’. Anethole is a
naturally occurring aromatic oxidant found in a wide
range of medicinal plant extracts and is widely
employed in the food and beverage industries®.
Several studies in recent years have revealed that
anethole has numerous beneficial effects for human
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health, including anti-inflammatory,
anticarcinogenic and chemopreventive, antidiabetic,
immunomodulatory, neuroprotective, and
antithrombotic effects that are mediated by the
modulation of several cell signaling pathways®1°.

AN

H,CO

Scheme 1. Molecular structure of Anethole.

P. Cerrai and colleagues investigated the
electrochemical behavior of the system using
voltammetry at rotating and stationary Pt electrodes
as well as chronoamperometry to study the cationic
electropolymerization of trans-anethole initiated by a
direct electron transfer mechanism at a Pt anode in a
1,2-dichloroethane solution®. Maksim 1. Hulnik
studied the quasiliving cationic polymerization of the
naturally occurring p-methylstyrene derivative,
anethole, was reported for the first time and the effect
of solvent polarity, initiator nature as well as Lewis
acid, proton trap, and initiator concentrations on the
cationic polymerization of anethole in the presence
of SnCl, as a coinitiator was studied in detail*2.

Materials and Methods
Chemicals

Stainless Steel alloys (SS-304 L) specimens of 2 x2
cm? area with chemical composition as described in

Nano polymer composite coating and conducting
polymer coating are currently widely used in a
number of applications. Studies on conducting
polymers, nanopolymer composite coatings, and
their combinations have advanced significantly. In
addition to great efficiency and clever corrosion
defenses, several unique nontoxic corrosion
protection compounds have also improved long
periods of efficacy and simplicity of manufacture.
Coatings with long-term corrosion resistance, strong
adhesions, improved durability, and outstanding
surface mechanical abrasion resistance were in high
demand. It has been demonstrated that using nano
particles in polymer coatings can improve not only
the barrier effects but also the electrochemical
anticorrosion and other performance characteristics
such as adhesions, thermal stabilities, mechanical
strengths, magnetonstatic shielding, and
hydrophobic properties?*3, Many different kinds of
oxides nano particles, such as TiO,, ZnO, Al;Os,
CeO0, SiO; and Nano clays, were applied to polymer
coating and shown superior protective properties
than standard polymer coating46,

In this study, conducting polymer films were
generated on SS-304L by electrochemical
polymerization process, and polymer
nanocomposites containing ZnO and TiO, were
evaluated for corrosion protection in 3.5% NaCl
solution at temperatures range (298-328) K.

the Table 1 were obtained from commercially SS-
304L sheet of 0.5mm thickness

Table 1. Chemical composition for SS-304L.

material C Mn Si S

P Cr Ni Fe

SS 304 L 0.019 1.53 0.50

0.030

0.030 18.20 8.04 balance

These samples were polished using emery sheets of
various grades [600, 800, 1200, and 2000 ] mesh grit,
and then washed with tap water, distilled water,

ethanol, and finally acetone before being dried with
a hot air drier. The materials used are listed in the
Table 2, below
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Table 2. The Chemical materials were used.

Raw Material Molecular Formula Supplier Purity
Anethole C1oH120 Sigma-Aldrich 99%
Ethanol C,HsOH GCC 99.9%
Oxalic acid H2C204 BDH 99%
Sodium Chloride NaCl BDH 99.5%
Sulpharic acid H>SO4 GCC 98%
Sodium hydroxide NaOH BDH 99%
Zinc Oxide Zn0O Hongwe nanometer 99%
Titanium oxide TiO; Hongwe nanometer 99%
Di - Methyl Sulfoxide (CH:;).SO LOBA Chemie 98%

Cyclic voltammetry and Electro-Polymerization
of the Anethole Monomer: Cyclic Voltammetry is
used to determine the electropolymerization
potential. A solution of 10mM Anethole in 70%
0.1IM NaOH was prepared, and three drops of
concentrated H,SOs were added to improve
electrolyte conductivity within a potential range of (-
2000 to 2000) mV vs. standard calomel electrode.
Fig. 1, shows the consecutive cyclic voltammogram
made using PA at around 0.85 volts.

Current [ pA] Ivs E

100

50+

50

-100

400.00 600.00 800.00

Potential [mV]

0.00 200.00

Figure 1. The cyclic voltammogram of PA.

Electropolymerization

The Electropolymerization of Anethole: The SS-
304L working electrodes (anode) were immersed in
0.1 M NaOH containing 10 mM Anethole with three
drops of H2SO4 (99%) and 0.1 g of oxalic acid as a
supporting electrolyte, and a long rod of graphene
was used as the counter electrode (cathode). At room
temperature, a voltage of 0.85 V was applied for 60
minutes.

Electrochemical Polymerization of the Anethole
with metals oxides nanoparticles: After dispersion,
0.02 g more of n-ZnO was added to the monomer
solution, also with 0.02 g of n-TiO; to strengthen the
coating layer against corrosion and biological
activity as shown in Scheme 2.

e} CH,
o e’e
. . F ] Oxalic acid
@ 1
O-cH,
Ti05.Zn0 Anethole
nanoparticles

Poly-anethole
nanocopmosite

Scheme 2. Electropolymerization of the Anethole with nano-oxides to polymer composite.

Electro Chemical Corrosion Study: Three
electrodes have been used as a cell in a corrosion

study: a working electrode (SS-304L, coated and
uncoated), a reference electrode (SCE), and a counter
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or auxiliary electrode (platinum electrode). Under
potentiostatic circumstances, coated and uncoated
SS-304L were subjected to anodic and cathodic

Results and Discussion

FTIR Spectroscopy of the (PA): The PA and
Anethole monomer have been produced on an SS
304L alloy by electrochemical polymerization were
studied using FTIR spectra, which are shown in Fig.
2. The peak C=C in the hydrocarbon chain of
Anethole (in alkenes in general) is attributed to the

polarization for the corrosion of SS-304L at
temperatures between 293 and 323 K.

absorption bands at 1680 cm™ in Fig. 2, although the
PA IR spectra do not show this peak. The peak at
around 3299 cm, which is not present in the IR
spectra of Anethole, may be ascribed to

intramolecular H-bonds between the repeating units
of PA chains®®.
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Figure 2. FTIR for a. Anethole, b. Polyanethole.
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AFM for PA and the both nano-PA: The surface
topography of SS-304L coated with PA was
examined using the AFM Technique in the presence
as well as absence of nanoparticles (TiOz and ZnO).
Fig. 3, displays 2D and 3D AFM images of every
coating film that has been used. The most popular
metrics for assessing the roughness of a surface using

AFM-analysis are RMS: the mean grain size, root
mean square, and Ra: roughness average. According
to the findings, as shown in Table 3. The use of
nanoparticles to reduce the grain size of PA resulted
in a reduction in surface roughness for all coated
films. Therefore, the less rough the surface, the
greater the barrier effect for avoiding coating
corrosiont®t7,

Table 3. AFM parameters to coated SS-304L with PA both when present and when absent of the
nanomaterials.

Samples (Ra) (Rg)(nm) mean
(nm) grainsize(nm)
coated of polymer PA 7.391 8.547 199.1
coated of polymer PA modified by ZnO 1.175 1.259 190.9
coated of polymer PA modified by TiO: 2.560 2.903 167.9

Poyoni 1250

Figure 3. The AFM Images to: a- PA, b-PA with n-ZnO , c-PA with n-TiO..

Corrosion Measurements: The influence of a
polymeric layer on the cathodic and anodic

polarization curves of SS-304L in a 3.5% of
NaCl solution at temperatures range 298 - 328 K in
the presence and absence of the nano metal
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oxides shown in Fig. 4 the extrapolation of Tafel
curves to calculate the corrosion current density. The
impact of the polymeric layer on the presence and
absence of the nanomaterials is shown in Table 4.
The corrosion parameters were weight loss (WL),
penetration loss (PL), cathodic Tafel slope (bc),
anodic Tafel slope (ba), corrosion potential (Ecor.),
and corrosion current density (Icor). The following
equation was used to compute protection
effectiveness (PE%)*’

Protection efficiency (PE%)=[(Icor.)uncoated-
(l COR.)coated]/(l COR.)uncoated ------ 2

where, (ICor.)uncoated :the corrosion current density for
uncoated SS 304L (blank),

(Icor )eoated : cUrrent density of coated SS-304L for
corrosion

In the meanwhile, the polarization resistance of
corrosion (Rp) was computed using this equation
(the Stern-Geary equation)*®

Rp=(Ba+pc)/2.303(Bapc)*Icor.......3

The results showed that when the temperature
increases, both (Ecor) and (lcor) increased. By
increasing temperatures, the corrosion potential
(Ecor.) moved to more active values (cathodic). After
adding nanomaterial (ZnO,TiO2), the corrosion
current density for coated SS-304L significantly
reduced as compared to uncoated SS-304L. Inferring
that the corrosion protection also serves as anodic
protection, it was found from Tafel plots that
Ecor. For the coated SS-304L changed into a higher
position (noble direction) than the Ecor. For blank
SS-304L. Additionally, the Rp values are higher than
those of uncoated SS 304L, particularly after the
addition of nanomaterials®%,

Table 4. Corrosion parameters for uncoated and coated SS-304L in 3.5% NaCl at a temperature range

(298-328) K.
T(K) -Ecor ICor. -Be Ba WL Rp PL PE%
Samples (mV)  (HA/cm?) (mV/Dec (MmV  (gm/m?d)  (Q/cm?) (mmly)
Dec)
Uncoated 298 376 8.78 124.2 1305 2.2 3147.13 9.79*102 -
308 374 21.47 160.8 155.0 5.38 1596.17 2.40*101 -
318 394 36.95 177.2 1704 10.3 1020.81 457*107 -
328 405 49.57 192.1 1904 154 837.62 6.87*1071 -
Coated 298 89 2.53 90.8 83.1 1.39 7446.85 6.17*107% 71
PA 308 109 7.11 94.1 83.2 1.78 2696.74 7.94*107% 66
318 120 13.11 96.1 78.9 3.79 1435.04 1.69*10t 64
328 131 18.35 91.6 80.4 4.6 1013.19 2.05*101 62
Coated 298 183 187.3*10° 59.2 70.4 4.69*107? 74671.3 2.09*10° 98
PA+ZnO 308 204 541.5*10° 81.8 70.5 1.36*10t 30391.4 6.04*10° 97
318 217 2.15 86.3 90.2 5.38*101 8907.17 2.39*102 94
328 239 3.76 87.3 79.4 9.43*101 4801.94 4.2*102 92
Coated 298 200 1.13 46.4 48.4 2.59*101 9102.95 1.15*102% 87
PA+TiO, 308 201 3.04 68.5 53 5.88*101 4267.98 2.62*102 85
318 220 6.01 57.4 56.3 7.53*101 2053.48 3.35*102 83
328 234 8.98 73.4 70.9 1.52 1743.83 6.79*102 81
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Figure 4. Tafel plots for SS-304L a) uncoated, b) coated by PA, ¢) coated by PA modified with ZnO ,d)
coated by PA modified with TiOs..

Kinetic and Thermodynamic of Corrosion

The impact of temperature on the corrosion rate of
uncoated and coated SS-304L in 3.5% NacCl solution
has been investigated using a similar Arrhenius
equation for the temperature range 298-328 K.

Icor =AeF¥RT_...3 which converted to logarithm
form

Where Icor and A are the current density of corrosion
and Arrhenius factor respectively. Ea (J moL™) is
the Activation energy, T (K) is the temperature, and
R shows the global constant (J moL* K1)

Log Icor=Log A-(Ea / 2.303RT)......4
The transition state equation is shown below:?2

log (Icor/ T) = [log (R / Nh)] + [AS / 2.303 R |- [AH
/2.303 RT]......5

The activation of free energy was decided from Eqg.
5 below:

AG* = AH* —TAS*....6
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Figure 5. a-Plot of (log Icor) vs. (1/T) for SS- 304L before and after coating with PA and nano-PA
b-Plot of (log Icor/T) vs (1/T) for SS -304L before and after coating with PA and nano-PA

Table 5. Transition state thermodynamic parameter at different temperatures for the corrosion of
uncoated and coated SS-304L in 3.5% NaCl Solution.

T(K) AG (KJ) AH (KJ/mol) -AS (J/mol.K) Ea(kJmol) A (Molecule.Cm2.S%)
Uncoated SS- 298 67.18 44.24 77.17 46.72 9.99%10%
304L 308  67.95
(blank) 318  68.72

328 69.49
Coated  SS- 298  70.01 50.94 64.73 53.62 4.36*10%
304L by PA 308 70.65

318  71.29

328 71.93
Coated SS- 298 100.61  81.96 62.68 84.64 7.75%10%
304L by 308 101.24
(PA#(n-Zn0) 316 10186

328 102.49
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Coated  SS- 2982 7240 53.81 62.57 56.3 5.75*10%
304L by 298
(PA)  +(n- 308 73.02
TiOy) 318 7365
328 74.27
The results generally demonstrated that the  there is less disordering when reactants are

thermodynamic activation parameters (Ea and AH*)
for the polymer-coated SS-304L are greater than
those for the uncoated SS-304L. This suggests that
the energy barrier has risen. Entropy of activation
values for the polymer film-coated and uncoated SS-
304L are negative, demonstrating that the activated
complex in the rate-determining step was obtained in
an association rather than a dissociation step and that

transferred to the activated complex?,

Antimicrobial Activity of PA: The inhibitory zones
of the polymers generated were evaluated on both
bacteria species (S. aureus and E. coli) both when
present and when absent of nanomaterials (ZnO,
TiO2) at a concentration of 800g/ml. Di - Methyl
Sulfoxide was utilized as the solvent (DMSQ). Table
6 summarizes the findings.

Table 6. (PA) inhibition zone both when present and when absent of the nanomaterial.

Samples (S. aureus)(+Gram) (E. coli)(-Gram)
PA 16 20
PA modified by ZnO 22 26
PA modified by TiO> 18 30
Amoxicillin 30 30
DMSO - -
The polymer shown superior inhibitory  more significant in medical, pharmaceutical and

effectiveness against both S. aureus and E. coli when
compared to Amoxicillin. The polymer's capacity to
kill bacteria is determined by it created a stable
interaction complex by drug-bound topoisomerases
and cleaved DNA. The polymer's suppression of
topoisomerase activity and formation of stable
complexes with DNA has a significant detrimental
impact on cell?*. Oxides-nanomaterials are becoming

Discussion

From the FTIR tests in Fig. 3, it is noticed that
the disappearance of the peak at the position of the
1680cm™ after the electropolymerization process,
was originally present in the monomer examination
in Fig. 3a, evidence of the occurrence of the
electropolymerization process. As for the AFM
examination according to Fig. 4 and Table 3, the
results indicate a decrease in the values of Rg, Ra and
grain size after modification with nanomaterials.

Results in the Table 4 indicated that protection
efficiency (PE%) is strongly influenced by

biological uses as an antibacterial method in
opposition to the spread of antibiotic-resistant
bacteria and the resurgence of infectious illnesses?
Nanoparticles are assumed to be biocidal effective
because due to their tiny size and high surface-to-
volume ratio, which enables them to come in touch
with the membranes of microorganisms®.

temperature, with a fall in PE% values as
temperature rising. This may be explained by the fact
that as temperature increases, so did the thickness of
the boundary layer®

Table 4. demonstrates that the WL and PL values are
greatly dependent on temperature. Temperature has
an effect on the WL and PL values, which increase
as the temperature rising. All coating systems had the
greatest WL and PL values at 328K. Also the values
of WL and PL were lower in coated SS-304L than in
uncoated SS-304L, and these values are clearly lower
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after adding nanomaterial. The porosity of the
coating layer and the coating's capacity to inhibit
entry of hostile anions such as chloride ion into the
surface of SS-304L influenced these results?’

Results in Table 5 indicated that the endothermic
character of St.transition S.'s state reaction is shown
by the positive activation enthalpies (AH*) for coated
and uncoated SS-304L. Both the coated and uncoated
SS-304L have negative values for AS*. Activation
complexes in rate-determining steps indicate
association rather than dissociation steps, according
to this definition. Demonstrating that while moving

Conclusion

SS-304L's PA and PA -composites coating was
electropolymerized using a DC power supply
technique in aqueous solution (3.5% NaCl).
Potentiodynamic polarization was used to assess the
polymer Nano composite coating's ability to prevent
corrosion in a solution containing 3.5% NaCl. With
rising temperatures, both the corrosion potential
(Ecor) and corrosion current density (lcor) increased.
After covering the SS-304L with polymer films in
both the presence and absence of nanomaterials, the
corrosion current density (icorr) decreased. Tafel
plot indicated that the polymer film acts as anodic
protection since the corrosion potential (Ecorr) of the
SS-304L coated with the polymer film in the
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