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The inhibition performance and mechanism of Triisopropanolamine (TIPA) for the corrosion of aluminum alloy in 3% NaCl 

solution were investigated using weight loss method, potentiodynamic polarization, electrochemical impedance 

spectroscopy (EIS) and scanning electron microscope (SEM). The electrochemical results revealed that TIPA was an 

effective inhibitor and the inhibition efficiency increased with the increasing concentrations of TIPA, which was further 

confirmed by SEM observation. Potentiodynamic polarization studies revealed that TIPA acted as the mixed-type inhibitor. 

The adsorption of TIPA on aluminum surface obeyed Langmuir thermodynamic–kinetic model, and the thermodynamic 

and kinetic parameters meant that the interaction between the inhibitor and the surface of aluminum alloy involved both 

physisorption and chemisorption. Moreover, the theoretical calculation was used to investigate inhibition mechanism of 

the studied inhibitor. The results showed that TIPA molecule could adsorbed on Al substrate spontaneously and chelated 

with Al atom due to the hydroxyl group.   

1.  Introduction 

Aluminum alloys exhibit excellent mechanical and physical 

properties as structural materials and thus they are widely applied 

for automotive industry, aircrafts, medical appliances, and 

electronic equipment. Nevertheless, they are easily corroded due to 

the complex microstructure and the presence of intermediate 

metal phase in aggressive conditions
1-3

. Thus, the surface of 

aluminum alloys have to be processed to protect the alloy substrate 

before application.  

In recent years, many scientists have studied aluminum alloys 

protection by inorganic salts
4
. Merten and his coworkers developed 

magnesium-rich primers as a coating for AA 2024-T3
5
. Zaid studied 

sodium metabisulfite as environmentally friendly inhibitor for 

aluminum alloy
6
. The salts of rare earth elements have also been 

found to provide the effective corrosion inhibition for aluminum 

alloys
7-10

. Besides, the organic molecules were also used to protect 

aluminum alloys.  

The use of the organic molecules as the inhibitors is one of the 

convenient and economic methods to prevent corrosion of metal 
11-

13
. These organic inhibitors are usually adsorbed on the metal 

surface via the formation of a coordinate covalent bond (chemical 

adsorption) or the electrostatic interaction between the metal and 

inhibitor (physical adsorption)
14

. The organic molecules would be 

the candidates for the effective inhibitors, if they contained 

heteroatoms with electronic lone pair (N, O, S and P), or p systems, 

or conjugated bonds, or aromatic rings
15, 16

.  

Triisopropanolamine (TIPA), a tertiary alkanol amine invented 

in recent years, is widely used as a grinding chemical in the clinker 

comminution process to reduce the agglomeration in the ball mill,  

and to modify the particle distribution of the finished cement
17

. 

TIPA contains N, O heteroatoms with electronic the lone pair, which 

can interaction with Al substrate. While so far, there is few reports 

to use it as an inhibitor for aluminum alloy. 

In order to further verify the mechanism of corrosion inhibition 

on substrate surface, theoretical chemistry has been demonstrated 

to be a powerful tool
18

. Thus, the quantum chemical calculation and 

molecular dynamics simulation were used to investigate a 

correlation between the molecular structure and the inhibition 

efficiency of an organic compound
19

. Therefore, it is worthwhile to 

compute the structural parameters of the inhibitor which could 

affect its adsorption on metal including the highest occupied 

molecular orbital energy (EHOMO), the lowest unoccupied molecular 

orbital (ELUMO), etc. 
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In this study, an organic molecule triisopropanolamine (TIPA) 

was studied as an efficiency inhibitor for aluminum alloy in 3% NaCl 

solution. The adsorption type was studied by weight loss method. 

The corrosion efficiency was studied using potentiodynamic 

polarization curves and electrochemical impedance spectroscopy 

(EIS). The morphologies of aluminum with and without inhibitor 

were studied by scanning electron microscope (SEM). The effect of 

inhibitor concentration was investigated. The theoretical calculation  

parameters of the inhibitor molecules and aluminum were 

calculated  using density functional theory (DFT). 

2.  Experimental methods 

2.1 Materials and samples preparation 

The material used in this study was commercial aluminum alloy 

ADC12 provided from Xinren Technology Company. The specimens 

were embedded in epoxy resin with dimensions of 10 mm × 10 mm 

× 10 mm. The total square area of the specimens exposed to the 

investigated solution was 1 cm
2
. Prior to all measurements, the 

each specimen surface was successively abraded with 400, 800, 

1200, 2000 grit silicon carbide papers at first. Then, it was 

degreased with acetone for 2 min, ultrasonically cleaned in ethanol 

for 2 min, and rinsed in distilled water at room temperature. During 

the weight loss and electrochemical measurements, the 

temperature of solution was controlled by a water thermostat, and 

all the experiments were open to air and carried out under static 

conditions. 

   

Fig. 1 Molecular structure of triisopropanolamine 

The corrosive solution (3% NaCl) was prepared using analytical 

grade sodium chloride and distilled water. The molecular formula of 

investigated inhibitor triisopropanolamine (C9H21NO3, TIPA) was 

shown in Fig. 1. The concentration range of inhibitor varied from 

0.5-2.0 mM, and the solution in the absence of inhibitor was taken 

as the blank for comparison. 

 

2.2 Weight loss measurements 

Square aluminum alloy specimens with dimensions 20 mm × 20 mm 

× 10 mm were used for weight loss measurements. The specimens 

in triplicate for each inhibitor concentration were accurately 

weighted and then immersed in 3% NaCl solution for 24 h at 298 K. 

After that, the specimens were withdrawn, scrubbed with bristle 

brush, cleaned by distilled water and acetone, then dried and 

weighed. The corrosion rate (ν), inhibition efficiency (ɳ) and surface 

coverage (θ) were calculated from the following equations: 

= = 1 2W -W∆W
ν

St St
                                  (eq. 1)

 

100%= ×0

0

ν - ν
η

ν
                                     (eq. 2)

 

= 0

0

ν - ν
θ

ν
                                                  (eq. 3)

 

where W1 and W2 are the weight of specimens before and after 

immersion, respectively, ∆W is the average weight loss (mg), S is 

the total surface area of the specimen (cm
2
), t is the immersion time 

(h), ν0 and ν are corrosion rates in the absence and presence of 

inhibitors, respectively. 

 

2.3 Electrochemical experiments 

All the electrochemical experiments were performed with CHI660D 

electrochemical workstation in a typical three-electrode cell system. 

A bare aluminum electrode and a platinum electrode were used as 

the working electrode (WE) and the counter electrode (CE), 

respectively. Then a saturated calomel electrode (SCE) with a luggin 

capillary was worked as the reference electrode. Prior to each 

measurement, the working electrode was immersed in corrosive 

media for 2500 s until reach a steady state. All potential values 

were referred to SCE in this study. Potentiodynamic polarization 

curves were obtained by scanning the electrode potential 

automatically from −250 to +250 mV versus open circuit poten)al 

(OCP) at the scan rate of 2 mV  s
-1

. Electrochemical impedance 

spectroscopy (EIS) measurements were obtained over a frequency 

range from 100 kHz to 10 mHz. The amplitude of ac excitation signal 

was 5 mV over the OCP. The EIS data were analysed and fitted by 

Zsimpwin 3.10 software. The inhibitive efficiency (ɳ) was 

respectively calculated from potentiodynamic polarization curves 

and EIS as follows: 

100%= ×corr,0 corr

corr

I - I
η

I
                        (eq. 4)

 

where Icorr,0 and Icorr are the corrosion current densities without and 

with inhibitor, respectively.  

100%= ×ct ct,0

ct

R - R
η

R
                              (eq. 5)

 

where Rct,0 and Rct are the charge transfer resistances without and 

with inhibitor, respectively. 

 

Page 2 of 9RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



Journal Name  ARTICLE 

This journal is © The Royal Society of Chemistry 20xx J. Name., 2013, 00, 1-3 | 3  

Please do not adjust margins 

Please do not adjust margins 

2.4 Surface characterization 

In order to get insight into the changes on surface of corrosive 

samples before and after the addition of inhibitor, the aluminum 

specimens were first immersed in 3% NaCl in the absence and 

presence of 2 mM TIPA for 4 h at room temperature, respectively, 

then taken out from the test solution, cleaned with doubly-distilled 

water and dried with air. The surface morphology of the mild 

aluminum samples in the absence and presence of inhibitor were 

investigated by field emission scanning electron microscopy (FE-

SEM) technique using JEOL-JSM-7800F -Japan. 

 

2.5 Theoretical methods 

Quantum chemical calculations were carried out by using Gaussian 

03 software. TIPA molecule was fully optimized by density 

functional theory (DFT) using B3LYP functional with 6-311++G (d,p) 

basis set in gas phase. Quantum chemical parameters including the 

energy of highest occupied molecular orbital (EHOMO) and the 

energy lowest unoccupied molecular orbital (ELUMO) were 

calculated. 

Molecular dynamics simulation of the interaction between a 

single inhibitor molecule and the aluminum surface was performed 

using Forcite module. COMPASS (condensed phase optimized 

molecular potentials for atomistic simulation studies) was used to 

optimize the structures of all the components in the studied system 

through in force field method. The Al crystal was cleaved along the 

(111) plane. Temperature was fixed at 298 K, with NVT ensemble, 

with a time step of 1 fs and simulation time of 500 ps. The system 

was quenched every 600 steps with the Al (111) surface atoms 

constrained. The optimized structure of the inhibitor molecule was 

used for the simulation. 

 

3.  Results and discussion 
3.1 Weight loss 

3.1.1 Effect of inhibitor concentration 

Table 1 Corrosion parameters obtained from weight loss measurements of 

aluminum alloy after 24 h immersion in 3% NaCl solution with and without 

addition of various concentrations of TIPA at 298 K. 

Concentration 

(mM) 

ν 

(mg cm-2 h-1 ×10-3) 
θ 

ɳ 

(%) 

0 5.5 - - 

0.5 2.0 0.64 63.6 
1.0 1.8 0.67 67.5 

1.5 0.7 0.87 87.3 

2.0 0.4 0.92 92.3 

 

The inhibitive effect of TIPA at different concentration on the 

aluminum alloy surface in 3% NaCl at 298 K was investigated by 

weight loss measurement. Relationship between corrosion rate (ν) 

and concentration (C) of TIPA was shown in Fig. 2, and the 

corrosion rate ν (mg cm
-2

 h
-1

), the surface coverage θ and the values 

of inhibition efficiency ɳ were listed in Table 1. It is shown that the 

corrosion rate (ν) decreases with increasing inhibitor concentration 

(Fig. 2) and the inhibition efficiency ɳ (%) increases with increasing 

inhibitor concentration. At 2 mM concentration, the inhibition 

efficiency reaches the maximal value (92.3%). This behaviour can be 

attributed to the increase in adsorption of TIPA at the 

metal/solution interface as the concentration increases
20

.  

 

Fig. 2 Relationship between corrosion rate (ν) and concentration (C) of 

TIPA in 3% NaCl at 298 K obtained by weight loss measurement. 

 

3.1.2 Adsorption isotherm and thermodynamic calculations 

In order to study the interaction mechanism between the inhibitor 

and the metal surface, the adsorption isotherm and thermodynamic 

calculations were studied. Two major categories of interaction can 

be used to describe the adsorption behaviour of the inhibitor, the 

one is physisorption, which occurs between the active positive 

centres on the metal surface. And the other one is chemisorption, it 

is due to the formation of coordination bonds between the inhibitor 

molecules and metal surface, through the electronic lone pair of N, 

O and S atoms
21, 22

. In this study, some adsorption isotherms 

including Langmuir, Frumkin and Temkin isotherms are applied to 

fit the surface coverage (θ) values at different concentrations of 

TIPA. According to these isotherms, θ is related to the inhibitor 

concentration C via following equations
23

: 

ads

1
c= +

C

θ K
    (Langmuir isotherm)                (eq. 6) 

( ) adsexp 2a
1-

  = 
 

θ
θ K C

θ
    (Frumkin isotherm)            (eq. 7) 

( ) adsexp -2a =θ K C      (Temkin isotherm)               (eq. 8) 

where C is the concentration of inhibitor; θ is surface coverage, 

which has been calculated by weight loss measurement and listed 

in Table 1; Kads is the adsorption equilibrium constant and ‘‘a’’ is the 

molecular interaction parameter. 

To fit the experimental data suitably, the correlation 

coefficient (R
2
) was used and the best fit was obtained from the 
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Langmuir isotherm (Fig. 3), which suggests that the adsorption 

process of TIPA on mild steel surface in 3% NaCl solution obeys the 

Langmuir adsorption isotherm. This model proposes that the solid 

surface contains a fixed number of adsorption sites and each site 

holds one adsorbed species
24

. Thus, the adsorption equilibrium 

constant (Kads) is related to the standard free energy of adsorption 

(∆G0
ads) of the inhibitor molecule by the following equation

25
: 

0

ads
ads

1
= exp

55.5

 
 
 

-∆G
K

RT
                              (eq. 9)

 

where R is the universal gas constant, T the thermodynamic 

temperature in K, and 55.5 represents the molar concentration of 

water in the solution. The values of Kads and ∆G0
ads are 440 L/mol 

and -29.10 kJ/mol, respectively. The value of ∆G0
ads is -29.10 kJ/mol, 

which probably means that the interaction between the inhibitor 

and the surface of aluminum alloy involves both physisorption and 

chemisorption
19, 26

.  

 

Fig. 3 Three different isotherm plots for aluminum alloy in 3% NaCl solution containing diffferent concentrations of TIPA at 298 K. (a) Langmuir isotherm plot, 

(b) Frumkin isotherm plot, (c) Temkin isotherm plot, respectively. 

 

3.2 Potentiodynamic polarization curves 

Figure 4 shows the potentiodynamic polarization curves for 

aluminum alloy in 3% NaCl solution in the absence and presence of 

TIPA in different concentrations at 298 K. It is obvious that the 

polarization curves are shifted to the lower current density with the 

increase of the inhibitor concentration. Furthermore, the cathodic 

curves give rise to the parallel lines with increasing inhibitor 

concentration. The results show that the addition of inhibitor does 

not modify the oxygen evolution mechanism
27

. The reduction of 

oxygen at the aluminum alloy surface takes place mainly through a 

charge transfer mechanism. As compared with the blank 

experiment, the anodic curves of the working electrode with TIPA 

shift obviously to the direction of the current reduction, which 

implies that the organic compounds could also suppress the anodic 

reaction. Furthermore, the corrosion potential (Ecorr) only shifts 

slightly, so TIPA can be seen as the modest mixed-type inhibitor
28

. 

In order to obtain information about the kinetics of the corrosion, 

the representative electrochemical parameters, such as corrosion 

potential Ecorr (mV/SCE), cathodic and anodic Tafel slopes βc and βa 

(mV/dec), corrosion current density Icorr (μA/cm
2
), and inhibition 

efficiency ɳ (%) values are calculated from the corresponding 

polarization curves. These data are shown in Table 2. It is clear that 

Icorr value decreases with increasing inhibitor concentration TIPA. 

Accordingly, ɳ increases with the increasing inhibitor concentration. 
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The results suggest that TIPA acts as an efficient inhibitor for 

aluminum alloy in 3% NaCl solution. And, this effect is due to the 

increase in the covered fraction of the electrode surface by the 

adsorption through nonbonding electron pairs from oxygen atoms. 

It is expected that a higher coverage of the inhibitor film on the 

aluminum alloy surface is obtained at a higher inhibitor 

concentration. 

 

Fig. 4 Potentiodynamic polarization curves for aluminum alloy in 3% NaCl 

solution with and without different concentration of TIPA at 298 K. 

Table 2 The electrochemical parameters for aluminum alloy in 3% NaCl 

solution without and with different concentration of TIPA at 298 K. 

C 

(mM) 

Ecorr 

(V) 

βc 

(mV/sec) 

βa 

(mV/sec) 

Icorr 

(µA/cm2) 

ɳ 

(%) 

0 -0.654 492.4 33.53 7.94 - 

0.5 -0.636 479.8 29.53 3.27 58.8 

1.0 -0.641 514.4 26.52 3.04 61.7 

1.5 -0.645 564.7 33.94 1.27 84.0 

2.0 -0.636 463.4 38.85 0.81 89.8 

 

 

3.2 Electrochemical impedance spectroscopy 

   

Fig. 5 Nyquist impedance diagrams for aluminum alloy obtained at 298 K in 

3% NaCl solution containing different concentrations of TIPA. 

In order to acquire more information about corrosion mechanism, 

Nyquist plots for aluminum alloy after immersed in 3% NaCl 

solution in the absence and presence of different concentrations of 

TIPA at 298 K are given in Fig. 5. It is clear that all the impedance 

spectra exhibit two capacitive loops, which suggests that the 

corrosion of aluminum in 3% NaCl with and without the inhibitor is 

not only controlled by charge transfer process, but also controlled 

by adsorption-desorption process of inhibitive molecules
29

. In 

addition, these diagrams show a similar trend for all the tested 

concentrations, indicating that there is no change in the corrosion 

mechanism. Furthermore, the diameter of the semicircles in the 

presence of TIPA is larger than the one in blank solution (3% NaCl), 

and it increases with increasing inhibitor concentration, which could 

be related to the increase of surface coverage of TIPA molecule on 

aluminum alloy surface. 

The corresponding Bode and phase angle plots recorded for 

aluminum electrode immersed in 3% NaCl with and without 

different concentrations of TIPA are given in Fig. 6. As seen from 

Fig. 6, Bode and phase plots indicate there is the presence of two 

time constants over the measured frequency as well as the 

existence of an equivalent circuit containing two constant phase 

elements in the interface of metal/solution. The increase of 

impedance at low frequency in Bode plot confirms the higher 

protection with increasing inhibitor concentration. Additionally, 

phase angle increased with the increase of concentrations due to 

more TIPA molecules adsorbed on aluminum surface at the higher 

concentration (Fig. 6b). 

To determine the impedance parameters, electrical equivalent 

circuit shown in Fig. 7 is employed to simulate the obtained EIS data 

using ZSimpWin software. In the circuits, Rs is the solution 

resistance, Rct is the charge transfer resistance, Rf is the film 

resistance, CPE is the membrane capacitance and can be described 

as follows
26

: 

( )n
j

=CPE

0

1
Z

Y ω
                                         (eq. 10)

 

where Y0 is the CPE constant, n is the phase shift which can be 

explained as a degree of surface inhomogeneity, j is the imaginary 

unit and ω is the angular frequency.  

According to the expression of the layer capacitance presented 

in the Helmholtz model
30

: 

0

dl

ε ε
C = S

d
                                                    (eq. 11)

 

where d is the thickness of the film, S is the surface of the 

electrode, ε0
 is the permittivity of the air and ε is the local dielectric 

constant. The impedance parameters namely, Rs, Rct, Rf, Y0, n, Cdl 

and ɳ, are given in Table 3.  

As can be seen in Table 3 that the Rct value increases with 

increasing inhibitor concentration while the Cdl value exhibits 
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reverse dependence, meanwhile the Rf value also increases with 

increasing TIPA concentration, which is due to the increase of 

coverage on the aluminum alloy surface by the adsorption of 

inhibitor, leading to the better inhibition efficiencies. The decreased 

value of Cdl indicates the reducing in local dielectric constant and/or 

an increase in the thickness of the electrical double layer, 

suggesting that the inhibitor molecules act by adsorption on the 

metal/solution interface
31

. The values of n are close to one, which 

shows that the interface behaves nearly capacitive. The inhibition 

efficiency at 2 mM reaches the maximal value of 91.5%. The 

electrochemical experiments reveal that the inhibition efficiencies 

obtained from EIS and polarization curves are in reasonably good 

agreement. 

 

Fig. 6 Bode (a) and phase angle plots (b) of aluminum alloy in 3% NaCl solution in the absence and presence of different concentrations of TIPA at 298 K. 

 

Fig. 7 Equivalent circuit used to fit the EIS loop. 

Table 3 EIS parameters for aluminum alloy in 3% NaCl solution with and without different concentrations of inhibitor at 298 K. 

Concentration 

(mM) 

Rs 

(Ω cm2) 

CPE 
Rf 

(Ω cm2) 

Cdl 

(µF cm-2) 

Rct 

(kΩ cm2) 

ɳ 

(%) Y0
 

(S﹒cm-2﹒s-n ×10-5) 
n 

0 3.58 3.56 0.91 2410 5.91 2.09 - 

0.50 2.54 3.41 0.92 4081 3.37 4.25 50.8 

1.00 1.77 3.06 0.94 4155 3.23 8.26 74.6 

1.50 2.78 3.34 0.94 4497 3.19 20.94 90.0 

2.00 3.89 2.96 0.92 4778 2.79 24.75 91.5 

 

 

Fig. 8 SEM micrographs of aluminum surface. (a) abraded without immersion in test solution; (b) after 4 h immersion in 3% NaCl without inhibition; (c) after 

4 h immersion in 3% NaCl containing 2 mM of the inhibitor TIPA. 
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3.4 SEM analyses 

The surface morphology of the sample before immersion in 3% NaCl 

solution showed a freshly abraded aluminum surface (Fig. 8a). SEM 

photographs obtained from aluminum surface after the specimens 

immersion in 3% NaCl for 4 h in the absence and presence of 2 mM 

of TIPA were shown in Fig. 8b and 8c, respectively. It could be 

observed from Fig. 8b that the specimen surface was strongly 

corroded in the absence of the inhibitor. However, Fig. 8c shows 

that in presence of the TIPA, the rate of corrosion was suppressed, 

it revealed that there was a good protective film adsorbed on 

specimens surface, which was responsible for the inhibition of 

corrosion. 

 

3.5 Theoretical calculation 

3.5.1 Quantum chemical calculations 

Quantum chemical calculations have a potential application 

towards the design and development of organic corrosion inhibitors 

in corrosion field
32, 33

. Recently, density functional theory
34

 (DFT) 

has been carried out in order to investigate the adsorption and 

inhibition mechanism that relates the molecular structure of the 

inhibitor and its inhibiting effect. The frontier molecule orbital 

density distributions of triisopropanolamine and the full optimized 

minimum energy geometrical configurations and are shown in Fig. 9 

and Fig. 10. 

According to the frontier molecular orbital theory, the 

formation of a transition state is due to an interaction between 

HOMO and LUMO of reactants. Fig. 9 shows that the electron 

density distribution of HOMO is located at nitrogen atom, while 

that of LUMO is mainly distributed in hydroxyl group.  

Additionally, it can be seen that the contour and the total 

electron density surface mapped with electrostatic surface 

potential (ESP) of triisopropanolamine is shown in Fig. 10a and 10b, 

respectively. The negative (red) regions of the ESP are related to 

nucleophilic reactivity and the positive (blue) regions to 

electrophilic reactivity. As shown in this figure, it is clear that more 

electron rich regions are mainly localized around the 

heteroatoms
19

. It means that TIPA can promote the formation of a 

physical electrostatic interaction on the aluminum alloy surface by 

the hydroxyl to Al atom, and forming a coordinate covalent bond 

through the chemical adsorption. In this way, the aluminum surface 

acting as an electrophile is susceptible to attract the negatively 

charged sites of inhibitor molecule, and the nucleophilic centres of 

inhibitor molecules are normally heteroatoms with free electron 

pairs, which are readily available to form chemical bonds. The 

possible orientation of inhibitor on the aluminum surface is shown 

in Fig. 11 

 

 

 

Fig. 9 Optimized geometric structure and the distributions of HOMO and 

LUMO for TIPA. 

 

Fig. 10 Quantum chemical results of TIPA molecular calculated by the DFT 

method with 6-311G++(d,p) basis set: (a) contour map of electrostatic 

surface potential and (b) total electron density surface mapped with 

electrostatic potential. 

 

Fig. 11 Possible orientation of inhibitor on the aluminum surface. 

 

3.5.2 Molecular dynamics simulation 
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Fig. 12 The side view and the top view of the optimized equilibrium 

configuration of TIPA on aluminum (111) surface. 

Table 4 Energy parameters for the Al surface and TIPA 

EAl (kJ/mol) ETIPA (kJ/mol) EAl-TIPA (kJ/mol) Ead (kJ/mol) 

-1.39E4 51.49 -1.40E4 -151.49 

 

In order to further discuss the interaction between the inhibitor 

molecular and aluminum substrate, molecular dynamics simulation 

was carried out to propose the model of the adsorption structure of 

TIPA. Figure 12 shows the side view and the top view of the 

optimized equilibrium configuration of TIPA on aluminum (111) 

surface and the energy of TIPA and Al surface is listed in Table 4. 

We can see in Figure 12 that TIPA molecule tends to be absorbed in 

parallel on the surface through hydroxyl group, which is similar to 

the result of quantum chemistry calculations above. This parallel 

orientation can maximize the contacting areas between the 

inhibitor molecule and aluminum surface to enhance the 

anticorrosion performance
35

. Furthermore, the value of Ead is 

negative which explains TIPA molecule can spontaneously absorbed 

on Al surface
36

. Thus, we can indicate that the spontaneously 

adsorption effects occur through physical electrostatic interaction 

and coordinate bonds, which is formed by the heteroatoms.  

 

 

Fig. 13 The adsorption structure of TIPA on aluminum alloy surface. 

 

 

3.6 Mechanism of corrosion inhibition 

The corrosion progress would take place once the bare 

aluminum was putted in 3% NaCl solution. The reactions were 

shown as follow: 

Anodic reaction:    
3+ -Al Al +3e→  

Cathodic reaction:  
- -

2 2O + 4e + 2H O 4OH→  

However, as TIPA is added into the aggressive solution, the 

progress of corrosion is prevented. TIPA molecule spontaneously 

adsorbs at metal/solution interface, due to that hydroxyl groups 

can produce physical electrostatic interaction and chemical chelate 

with aluminum by the strong electron-donating effect, as shown in 

Fig. 13. Thus, it decreases the extent of the dissolution reaction by 

occupying the active sites. So the aluminum surface covered with 

many TIPA molecules. Furthermore, the fraction of coverage 

increases with the increasing TIPA concentration.  

 

Conclusions 

The electrochemical results show that TIPA as a modest mixed-type 

inhibitor can not only inhibit the cathodic process but also the 

anodic process on the corrosion of aluminum alloy in 3% NaCl 

solution, and its inhibitive efficiency increases with its incremental 

concentrations. The adsorption of TIPA molecules on the aluminum 

alloy surface obeys Langmuir adsorption isotherm. The results 

obtained from gravimetric and electrochemical techniques are in 

nice agreement with each other. Furthermore, the theoretical 

calculations reveal that TIPA exhibits a better inhibitive 

performance due to the strong electron-donating effect of hydroxyl 

group, and it mainly adsorbs on the substrate surface through O 

atom. The molecular dynamics simulation explains the adsorption 

occurred spontaneously. 
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