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This paper presents the investigation of 4-amino-5-phenyl-4H-1,2,4- triazole-3-thiol and 4-amino-5-
nitrophenyl-4H-1,2 4-triazole-3-thiol as corrosion inhibitors for copper in 3.5% NaCl solution.
Determinations of weight loss, electrochemical measurements, scanning electronic microscope (SEM)
and quantum chemical calculation were performed to analyze the inhibiting performance of these
compounds. All compounds showed >90% inhibition efficiency at their optimum concentration.
Thermodynamic calculation suggests that the adsorption of the inhibitors was found to follow the
Langmuir adsorption isotherm. The relationships between inhibition efficiency and the molecular
orbitals were calculated by quantum chemical method. The inhibition efficiency increased with the
increase in Enqomo and decrease in EL umo—EHowmo.
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1. INTRODUCTION

Using the marine resources is an effective way to relieve the resource shortage problem around
the world. Seawater is often used as raw material instead of freshwater, the fluid, and operating
medium in many fields. Copper has been one of more important materials in industry owing to its high
electrical and thermal conductivities, excellent workability, it has widely used in the condenser pipe of
various ships, the coast power plant heat exchangers and so on. While, the high concentration of CI" in
seawater causes serious corrosion of copper and its alloys [1-3]. Hence, this inspires scientists to
develop various methods to control the corrosion of copper in the marine environment, which can
increase absolutely the service lifetime of copper and reduces the economic losses.
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Employment of organic derivatives as inhibitors in the protection of metals and their alloys
from seawater corrosion is one of effectively important method [4,5] due to the predominance in their
chemical structures and properties, such as containing polar groups, conjugated double bonds or
various heteroatoms—sulphur, nitrogen and oxygen [6-8]. For instance, benzotriazole (BTA) and its
derivatives are often employed to protect copper and its alloys from corrosion. While owing to the
toxicity of BTA and its derivatives to environments [9-11], the extensive studies have been performed
to look for new environment-friendly organic inhibitors in recent decades, including triazole
derivatives [12,13], tetrazole derivatives [14], thiadiazole derivatives [15], cysteine [16], substituted
uracils [17], imidazole derivatives [18] and so on.

The aim of this work is to study the effect of 4-amino-5-phenyl-4H- 1,2 4-triazole-3-thiol
(APTT) and 4-amino-5-nitrophenyl-4H-1,2,4-triazole-3-thiol (ANTT) as corrosion inhibitors on the
corrosion inhibition of copper in 3.5% NaCl solution. The performance of the compounds has been
evaluated by weight loss, polarization curves, the electrochemical impedance spectroscopy (EIS),
scanning electronic microscope (SEM) and energy dispersive X-ray spectroscopy (EDX). In addition,
we investigate the adsorption mechanism of these inhibitors on copper surface by using Langmuir
isotherm and quantum chemical method.

2. EXPERIMENTAL

2.1 Materials and sample preparation

The molecular structures of the studied compounds, namely 4-amino-5-phenyl-4H-1,2,4-
triazole-3-thiol (APTT) and 4-amino-5-nitrophenyl-4H- 1,2 4-triazole-3-thiol (ANTT), were shown in
Fig. 1.
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Figure 1. The structure of APTT and ANTT

The copper specimens (99.99%) for electrochemical experiments were embedded in epoxy
resin with a geometrical surface area of 1 cm? exposed to the electrolyte. Prior to all measurements, the
samples were abraded with emery paper from 600, 800, 1000, 2000 grit, respectively, degreased
ultrasonically in ethanol, and dried at room temperature.

The concentration range of the inhibitors was from 5 to 100 mg/L in 3.5% NaCl solution. The
solution in the absence of inhibitors was taken as blank for comparison.
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2.2 Electrochemical experiment

The  electrochemical ~ measurements were conducted with PARSTAT 2273
Potentiostat/Galvanostat (Princeton Applied Research) in a conventional three-electrode cell system. A
freshly abraded copper specimen and a platinum electrode were used as working electrode and counter
electrode, respectively. A saturated calomel electrode (SCE) with a Luggin capillary was used as
reference electrode. All potentials were measured versus SCE and tests were performed in non-
deaerated solution at 303 K.

Electrochemical impedance spectroscopy (EIS) measurements were carried out at the open
circuit potential (OCP). The ac frequency range extended from 100 kHz to 10 mHz with a 10 mV
peak-to-peak sine wave as the excitation signal. The impedance data were analyzed and fitted with
ZSimpWin ver. 3.21.

The polarization curves were obtained from -250 to +250 mV (versus OCP) with 0.5 mV/s scan
rate, and the data were collected and analyzed by electrochemical software PowerSuite ver. 2.58.

2.3 Weight loss

Copper specimens in triplicate were immersed in the test NaCl solution for 14 days under each
condition. After that, the specimens were removed from the solution, rinsed in 3.5% NaCl solution,
water and acetone, finally dried and weighted. Weight loss experiments were used to calculate the
mean corrosion rate (W, g cm™ h'). The inhibition efficiency was evaluated by Eq.(1)

W,-W

IE (%)= x100 (1)

0

where Wo/W was the corrosion rate of copper in the solution without/with the inhibitor.

2.4 Surface analysis

The surface morphology of the specimens after immersing in 3.5% NaCl solution with and
without inhibitors was performed on a scanning electronic microscope (SEM) and energy dispersive
X-ray spectroscopy (EDX). The accelerating voltage was 20 kV.

2.5 Quantum chemical calculation

In order to find out optimized conformations of the compounds studied and to speed up the
calculations, the molecular structures were optimized initially with PM3 semi-experiential calculation.
The convergence was set to 4.184 J / mol.
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3. RESULTS AND DISCUSSION

3.1 Polarization curves
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Figure 2. Polarization curves of copper in 3.5% NaCl solution with different concentrations of

inhibitors: (A) APTT; (B) ANTT.

In order to understand the mechanism about the protection observed, the polarization curves of
copper in 3.5% NaCl solution without and with different concentrations of APTT and ANTT are

shown in Fig. 2.

The anodic and cathodic current-potential curves are extrapolated up to their intersection at a
point where corrosion current density (icorr) and corrosion potential (Ecor) are obtained [19]. The
electrochemical parameters such as Ecorr, Icorr, @nodic and cathodic Tafel slopes (8., fc) obtained from
polarization measurements are listed in Table 1. The inhibition efficiency was calculated using Eq.(2)
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i —I
IEI(%) — 0,c0-rr corr xloo (2)
|

0,corr

where icorr and g corr are the corrosion current density of copper with and without inhibitors in
3.5% NaCl solution, respectively.

Table 1. Corrosion parameters of copper in 3.5% NaCl with different concentration of inhibitors at

303 K.
Concentratio lcorr Ecorr fc pa IE
n (WA ecm” | (MV/SCE) | (mV dec” | (mV dec’ (%)
(mg/L) ) » )
Blank 4.52 -218 177.2 47.6 —
APTT
5 2.84 -240 90.5 56.3 37.1
10 0.86 -252 87.7 58.2 80.9
20 0.83 -250 72.4 53.7 81.6
50 0.35 -279 59.8 85.8 92.3
100 0.22 -225 97.9 76.2 95.1
ANTT
5 2.90 -241 45.2 45.1 35.9
10 1.79 -246 74.9 58.7 60.3
20 0.87 -263 89.1 54.7 80.9
50 0.77 -247 68.2 54.2 83.1
100 0.40 -224 67.3 52.0 91.2

In Fig. 2, it can be seen that the anodic and cathodic current density in solution using APTT
and ANTT have lower values compared with that of the blank solution. The shift of the cathodic Tafel
slope £ indicates that the oxygen reduction is restrained in the presence of the inhibitors. From the
anodic polarization curves in Fig. 2, it shows that the peak current density disappears or decreases
greatly. It is likely that the inhibitor modules have adsorbed onto the copper surface, which could
decrease the oxidation rate of Cu (0) to Cu (I) [20]. Therefore, it might be difficult for the corrosion to
proceed to the next step.

In Table 1, we see the corrosion current density (icorr) decreases greatly as APTT and ANTT
are added into the solution. The inhibition efficiencies obtained from the polarization curves increase
with the compounds concentration. The obtained values with APTT are larger than those with ANTT.
The maximum value of inhibition efficiency is 95.1% with APTT and 91.2% with ANTT at 100 mg/L
concentration. Together with other parameters, such as the corrosion potential (Ecor) decreasing
slightly with the addition of APTT and ANTT, and the displacements are less than 85 mV/SCE. Thus it
shows that both compounds act as the mixed-type corrosion inhibitors [21] which suppress both anodic
and cathodic reaction by adsorbing on the copper surface. Fig. 2 further reveals that the cathodic
suppression plays a dominant role in this process.
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3.2 Electrochemical Impedance Spectroscopy (EIS)

Nyquist plots in the presence and absence of APTT and ANTT are given in Fig. 3. The plots
show several convex arcs and each diameter of the arcs increases with the inhibitor concentration. It
indicates that the impedance values have increased and the copper has gotten more protection.
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Figure 3. Nyquist plots for copper in 3.5% NaCl solution with different concentrations of inhibitors at
303 K: (A) APTT,; (B) ANTT.

The equivalent circuit model used to fit the experimental results is shown in Fig. 4. Rs is the
resistance of the solution between the working electrode and the reference electrode. R: is the
resistance of the film formed on the copper surface. R represents the charge-transfer resistance.
Constant phase element Q; is composed of the membrane capacitance CPE; and the deviation
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parameter n;, and Q; is composed of the double-layer capacitance CPEy and the deviation parameter
No.
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Figure 4. The equivalent circuit model used to fit the EIS experiment data.

The impedance of CPE is expressed as

1

ZCPE:-—n 3
Y(jo) ©

where Y is a proportional factor, w is the angular frequency, and n is the deviation parameter.

Table 2. Impedance parameters of copper in 3.5% NaCl solution with different concentrations of
inhibitors at 303 K.

Concentration Rs CPE; n CPEy n, Ry Ret W IE
(mg/L) (Q cm?) (uF em’®) (uF em™®) (Qem?) | (Qcm?d) (%)
Blank 1.30 247 1 475 0.57 4531 1109 5.06x107 -

APTT
5 2.87 14.7 1 144 0.53 200.2 2483 7.60x10° | 55.3
10 2.42 12.0 1 98.3 0.57 450.2 5049 2.80x10° | 78.1
20 1.35 12.8 0.99 88.2 0.55 452.6 6510 3.24x10° | 829
50 1.18 4.56 1 8.50 0.57 460.9 8258 1.95x10° | 86.6
100 0.89 4.32 0.99 4.72 0.74 1979 23300 7.08x10* | 95.3

ANTT
5 2.68 126 1 117 0.60 125.7 2324 5.34x10° | 523
10 4.58 27.0 0.96 99.3 0.62 453.9 4199 3.34x10° | 736
20 3.91 257 0.95 62.4 0.78 465.9 8704 2.94x10° | 87.3
50 1.29 20.8 1 9.42 0.58 474.6 10090 1.65x10° | 89.0
100 2.69 13.2 0.99 0.93 0.58 1278 13030 1.32x10% | 915

According to the equivalent circuit, the impedance data are fitted and the electrochemical
parameters are given in Table 2. The inhibition efficiency (IE) with APTT and ANTT in different
concentrations is calculated by
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R —R
IER(%)=“R—°'“><100 (4)

ct

where R and R, ¢t represent the resistance of charge transfer in the presence and absence of
inhibitors, respectively.

As shown in Table 2, the addition of APTT and ANTT increases the R values and this effect
seems to be enhanced upon the increasing of the inhibitor concentration. IE values reach the maximum
95.3% and 91.5% at 100 mg/L concentration, respectively. Thus, in order to prevent copper from the
corrosion of CI', the charge transfer process has been greatly inhibited by the inhibitors. Compared
with the blank, the values of R; with the inhibitors also increase obviously, which reveals that a more
protective adsorption film is formed on copper surface.

It is also shown in Table 2 that the CPEg values decrease with the increasing of inhibitor
concentration. That is due to the gradual replacement of water molecules by the adsorption of the
organic molecules at metal/solution interface, which leads to a protective film adsorbing on the metal
surface [22]. CPEy is expressed as

&%

CPE, = q

S (5)

where d is the thickness of the film, S is the surface of the electrode, & is the permittivity of the
air, and ¢is the local dielectric constant. According to Eq. 5, the decrease in CPEg can be explained by
either the increase in the adsorption film area (which decreases the electrode surface area), the decrease
in the local dielectric constant or the increase in the double layer thickness. Therefore, the diffusion of
ions from the interface to the solution may be delayed and the dissolution reactions of copper may be
inhibited to a great extent.

3.3 Weigh loss measurement

3.3.1 Effect of inhibitor concentration

The effect of addition of different inhibitors at various concentrations on the copper corrosion
in 3.5% NaCl solution was studied by weight loss measurement at 303 K after 14 d immersion. The
values of inhibition efficiency and corrosion rate obtained from weight loss measurement are listed in
Table 3. The corrosion rate values (mg cm™ h™) of copper in 3.5% NaCl solution decrease as the
concentration of inhibitor increase. The results show that the inhibition efficiency increases as the
concentration of the inhibitor increases from 5 to 100 mg/L. The maximum inhibition efficiency was
about 92% at 100 mg/L for APTT. From Table 3, it is clear that the order of inhibition efficiency of
inhibitors as follows: ANTT < APTT.
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Table 3. Corrosion parameters obtained from weight loss measurements for copper in 3.5% NaCl

containing various concentrations of inhibitors at 303 K.

Inhibitors Concentral';ion (mg | Cg (m% )(:m'2 h’ 0 IE (%)

L

blank 0 7.11 — —

APTT 5 3.56 0.499 49.9
10 1.34 0.812 81.2
20 1.22 0.828 82.8
50 0.75 0.895 89.5
100 0.57 0.920 92.0

ANTT 5 3.79 0.467 46.7
10 2.41 0.661 66.1
20 1.52 0.786 78.6
50 1.04 0.854 85.4
100 0.63 0.911 91.1

3.3.2 Effect of temperature

Table 4. Corrosion parameters obtained from weight loss measurements for copper in 3.5% NaCl in
absence and presence of 100 mg/L inhibitors at different temperature.

Inhibitors Temperature (K) | Cr (mgem™“h™) | IE (%)
blank 303 7.11 —
313 9.77 —
323 14.7 —
333 18.8 —
APTT 303 0.57 92.0
313 1.12 88.5
323 2.37 83.9
333 4.21 77.6
ANTT 303 0.63 91.1
313 1.23 87.4
323 2.19 85.1
333 3.73 80.1

Weight loss measurements were taken at various temperatures (303~333 K) in the absence and
presence of inhibitors (100 mg/L) for 14 d of immersion in 3.5% NaCl solution. The corresponding
inhibition efficiency (IE) is summarized in Table 4. The corrosion rate increases with the rise of
temperature. The inhibition efficiencies are found to decrease with increasing the solution temperature
from 303 to 333 K. The decrease in inhibition efficiencies might be due to the weakening of adsorbed
inhibitor film on the copper surface.
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3.3.3 Adsorption isotherm
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Figure 5. Langmuir's isotherm plots for adsorption of APTT and ANTT on copper

It is known that the adsorption isotherm is an effective way to explain the adsorption
mechanism of the inhibitors. The interaction between the organic molecules and the metal surface
could also be found in this method. Results obtained from weigh loss method are used to study the
adsorption of APTT and ANTT on the copper surface. The surface coverage, ¢, was calculated
according to the following equation:

(6)

where, Cor and Cg are the corrosion rates of copper for uninhibited and inhibited solutions,

respectively.
In order to determine the best fit for 6 to various isotherms, several adsorption isotherms are

considered, such as Temkin, Langmuir, Frumkin and Freundluich isotherms:

Temkin isotherm: exp (f - ) = Kygs - C (7)

Langmuir isotherm: (6/1-0) = Kygs - C (8)

Frumkin isotherm: 0 exp(-2fo)=K_, -C 9)
" nL-0)" e

Freundluich isotherm: § = Kygs - C (10)
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where Kags is the equilibrium constant for adsorption process, C is the concentration of inhibitor

and f is the energetic inhomogeneity. By far the best fit is obtained with the Langmuir adsorption
isotherm. The plot of C/0 vs. C gave a straight line as shown in Fig.5.

3.3.4.Thermodynamic activation parameters
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Figure 6. Arrhenius polts of log Cg vs. 1000/T for copper in 3.5% NaCl without and with inhibitors
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Figure 7. Arrhenius polts of log Cr/T vs. 1000/T for copper in 3.5% NaCl without and with inhibitors

The dependence of corrosion rate at temperature can be expressed by Arrhenius equation and
transition state equation:

-E
IOg(CR) :m'Fﬂ (11)
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RT AS” AH™
C, =—exp(—) exp(——— 12
"= Nh p(R)p( RT) (12)

where E, is the apparent effective activation energy, R is the general gas constant, T is the
temperature, 1 is the Arrhenius pre-exponential factor, h is the Plank constant, N is the Avogadro
number, 4S" is the entropy of activation and 4H" is the enthalpy of activation.

Table 5. Activation parameters for copper in 3.5% NaCl solution obtained from weight loss
measurement.

Inhibitors | 4G s (kI mol™) | Ea (ki mol™) | 4H (kImol™) | 45" (I mol™ K™)

Blank — 27.9 25.3 -145.3
APTT -37.8 56.6 54.0 -71.6
ANTT -37.2 49.7 47.0 -93.6

A plot of logCrg vs. 1000/T gave straight line as shown in Fig.6. The values of activation energy
obtained from the slope of the lines are listed in Table 5. Fig.7 showed the plot of logCr/T vs. 1000/T.
Straight lines were obtained with a slope of (4H/R), and an intercept of [(log(R/Nh))(4S /R)/2.303]
from which the values of Z4H™ and 4S" have been calculated and listed in Table 5. Inspection of Table 5
showed that the values of E, determined in solution containing inhibitors are higher than that of in
absence. The increase in E; may be resulted either due to physical adsorption or due to decrease in the
adsorption of inhibitor molecules on the copper surface with increase in temperature [23]. Positive sign
of 4H" reflected the endothermic nature of copper dissolution process, which suggested the slow
dissolution of copper [24]. As for the values of A4S~ concern, the negative valueis obtained in case of
APTT, ANTT and uninhibited 3.5% NaCl solution. These variations are observed due to ordering and
disordering of the inhibitor molecules on the metal surface [25]. The adsorption of organic inhibitor
molecules in aqueous phase to metal surface can be regarded as quasi-substitution process between the
organic molecules in the aqueous phase and water molecules on the metal surface [26]. The adsorption
of inhibitors on copper surface would be in equilibrium with desorption of water molecules from the
surface:

Org(sol) + nHZO(ads) U Org(ads) + nHZO(soI) (13)

The adsorption process for the inhibitor is believed to be exothermic and accompanied with the
decrease in entropy of the solute and increase in entropy of the solvent. The thermodynamic values
obtained for entropy of activation are the algebraic sum of the adsorption of organic molecules (solute)
and desorption of water (solvent) molecules [27], hence, the increase in entropy is attributed to
increase in solvent entropy [28].
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The standard free energy of adsorption 4G,y is related to adsorption constant (Kags) With
following equation [29]:

RT
Angs ==
2.303

log(55.5K ) (14)

The value 55.5 is the concentration of water in solution expressed in mol/L [30]. The values of
AGags and Kygs are listed in Table 5. The negative values of 4G,y ensure the spontaneity of the
adsorption process and stability of the adsorbed layer on the metal surface [31]. Generally, the values
of AG,4s up to 20 kJ/mol are consistent with the electrostatic interaction (physisorption) of charged
molecules with charged metal, while those around 40 kJ/mol or more negative are associated with
sharing or transfer of electrons from organic inhibitor molecules to the metal surface forming
coordinate type bond (chemisorption) [32].

The absolute values of AG%,gs are both around 37 kJ/mol. This confirms that the adsorption of
APTT and ANTT on copper surface may involve complex interactions: both physical adsorption and
chemical adsorption [33]. The possible adsorption mechanism is [34, 35]: electrostatic interaction
between the charged inhibitor molecules and charged copper surface. This process is called physical
adsorption. Direct adsorption on the basis of donor-acceptor interactions between the lone pairs of
electrons of heteroatoms, m-electrons of benzene and heterocyclic rings and the vacant orbitals of
surface Cu atom is called chemical adsorption. Indirect adsorption of the charged inhibitor molecules
on the copper surface through a synergistic effect with chloride ions from 3.5% NaCl solution,
suggested that the adsorption of APTT and ANTT on copper surface involve physical as well as
chemical adsorption.

3.4 SEM analyses

Fig. 8 presents a high-definition picture reflecting what happens on the interface (the SEM
photographs of the copper specimens after immersed in 3.5% NaCl solution for 14 days at 303 K in the
absence and presence of 100 mg/L inhibitors). The specimen surface in the absence of the inhibitors
(Fig. 8 B) is strongly corroded, and the surface becomes porous and rough. In the presence of APTT
and ANTT (Fig. 8 C and D), the surface of the specimens are well protected and the photographs are
almost the same as that of the freshly polished surface (Fig. 8 A). These results indicate that a good
protective adsorption film could be formed on the specimen surface, and the corrosion of copper in
3.5% NaCl solution is inhibited remarkably by the inhibitors. This is confirmed by EDX analysis. The
EDX spectra in presence of APTT and ANTT show some peaks of nitrogen and sulfur. These peaks
are due to nitrogen and sulfur of the adsorbed inhibitor species. This indicated that APTT and ANTT
molecules were strongly adsorbed on the copper surface.
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Figure 8. SEM image of (A) fresh polished copper and the copper surface obtained after 14 days
immersion in 3.5% NaCl solution (B) without inhibitor, (C) with 100 mg/L APTT, (D) with
100 mg/L ANTT.

3.5 Quantum chemical calculation
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Figure 9. The full optimized minimum energy geometrical configurations and the frontier molecular
orbital density distribution of APTT and ANTT
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Table 6. Quantum chemical and dynamics parameters derived for APTT and ANTT.

Total energy Eromo ELumo AE l=-Ey | A=-E_ X n AN

(kJ/mol) (kd/mol) | (kd/mol) | (kJ/mol)
APTT 10486.8 -500.8 -119.6 381.2 500.8 | 119.6 | 310.2 | 190.6 | 0.401
ANTT 14516.1 -594.8 -109.9 484.9 504.8 | 109.9 | 352.4 | 2425 | 0.228

The full optimized minimum energy geometrical configurations and the frontier molecular
orbital density distribution of APTT and ANTT are shown in Fig.9. The computed quantum chemical
properties such as Enomo, ELumo, AEH L, i0nization potential (1), electron affinity (A) and fraction of
transferred electrons (AN) are listed in the Table 6.

According to the frontier molecular orbital theory of chemical reactivity, transition of electron
is due to an interaction between the frontier orbital, highest occupied molecular orbital (HOMO) and
lowest unoccupied molecular orbital (LUMO) of reacting species. The energy of HOMO is directly
related to the ionization potential and characterizes the susceptibility of the molecule toward attack by
electrophiles [36,37]. The energy of LUMO is directly related to the electron affinity and characterizes
the susceptibility of the molecule toward attack by nucleophiles. The lower the values of E ymo are,
the stronger the electron accepting abilities of the molecules. The LUMO-HOMO gap is an important
stability index. A large LUMO-HOMO gap implies high stability for the molecule in chemical
reactions [22] a decrease of the energy gap usually leads to easier polarization of the molecule and
adsorption on the surface. The results listed in Table 6 shows a smaller energy gap for APTT in
comparison to ANTT.

The fraction of transferred electrons (AN) was calculated using the following equation [2,38]:

AN = Xre — Xinn (15)
2( 77Fe+77inh)

where yc, and yinn denote the absolute electro negativity of copper and the inhibitor molecule,
respectively; nc, and 7, denote the absolute hardness of copper and the inhibitor molecule,
respectively. These quantities are related to electron affinity (A) and ionization potential (I) as follows:

= (I+A)/2 (16)

n= (I-A)/2 @an

In order to calculate the fraction of electrons transferred, a theoretical value for the absolute
electronegativity of copper according to Pearson was used yc, = 463.1 kJ/mol [39], and a global

hardness of 7c, = 0, by assuming that for a metallic bulk I = A [40] because they are softer than the
neutral metallic atoms.
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In literature, it has been reported that the values of AN show inhibition effect resulted from
electrons donation [38,39]. According to Lukovits’s study [38], if the value of AN < 3.6, the inhibition
efficiency increased with increasing electron donating ability of inhibitor at the metal surface [41].
Also it was observed that inhibition efficiency increased with increase in the values of AN.

From Table 6, it is possible to observe that molecule APTT has a lower value of global
hardness. The fraction of transferred electrons is also larger for molecule APTT and, in turn, is ANTT.
The calculated results are in agreement with experimental results.

4. CONCLUSIONS

In the presence of APTT and ANTT, the corrosion of freshly polished copper in synthetic
seawater (3.5% NaCl solution) is reduced effectively. The morphology of the specimen surface is
provided by SEM. The inhibition efficiencies increase with the concentration enhancement of the
inhibitors. The values of the inhibition efficiency obtained from the polarization curves are 95.1% and
91.2% respectively at 100 mg/L concentration, which are in good agreement with the data obtained
from EIS (95.3% and 91.5 respectively). Polarization curves suggest that APTT and ANTT belong to
mixed-type inhibitors, and the cathodic suppression plays a dominant role. EIS results indicate that the
good inhibition performance attributes to the protective adsorption film of the compounds formed on
copper surface. Thermodynamic calculation reveals that the adsorption follows well the Langmuir
isotherm and the weak chemisorption is involved in the interaction between inhibitors and the copper
surface. Thus, our research demonstrates that APTT and ANTT have great potentials as copper
inhibitors.
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