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Corrosion inhibitors based on Zn-Al hydrotalcites containing benzoate (ZnAlHB) with different molar

ratios of Zn/Al were prepared with a co-precipitation process. Compositions and structures of the resulting

hydrotalcites were studied with suitable spectroscopic methods such as inductively coupled plasma mass

spectrometry (ICP-MS), ultraviolet-visible spectrophotometry (UV-Vis), scanning electron microscopy

(SEM), X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FTIR), and surface zeta poten-

tial measurements, respectively. Results of physico-chemical studies showed that crystallite sizes, compo-

sitions of products, and surface electrical properties were significantly changed when the molar ratio of Zn/

Al was increased. The release of benzoate from hydrotalcites also differed slightly among samples. Anti-

corrosion abilities of hydrotalcites intercalated with benzoate at a concentration of 3 g/L on carbon steel

were analyzed using electrochemical impedance spectroscopy (EIS), polarization curve, energy-dispersive

X-ray spectroscopy (EDX), and SEM. Corrosion inhibition abilities of benzoate modified hydrotalcites in

0.1 M NaCl showed an upward trend with increasing Zn/Al ratio. The reason for the dependence of cor-

rosion resistance on the Zn/Al ratio was discussed, including changes in the microstructure of hydrotal-

cites such as crystal size, density, uniformity, and formation of ZnO.
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1. Introduction

Carbon steel and its alloys have been widely used in the

structural, transportation industries and heavy industrial

fields due to the advantage of cost-effectiveness, easy

processing, strong mechanical strength and quality, and high

mechanical properties [1-3]. Carbon steel is one of the most

active metal materials, so it is very sensitive to corrosion in

aqueous media at neutral and acidic pH. To protect carbon

steel against corrosion, the addition in small quantities of

corrosion inhibitor is an easy and high effective method [4,5].

Corrosion inhibitors can generally be classified into

inorganic compounds and organic ones depending on their

chemical composition [6,7]. Inorganic inhibitors (nitrites,

chromates, dichromates and molybdates) can form a

precipitated film on the metal surface which help prevent

the corrosion metals, despite their advantages, some

inhibitors were reported to caused environmental pollution

or present health risks [8,9]. Organic inhibitors containing

N, O and S atoms can be absorbed on the metal surface by

sharing the lone pair of electrons of heteroatoms to form a

coordination bond that allows the material to adsorb onto a

metal surface and separates metal from the aggressive

solution [10,11]. However, these compounds often have

complicated and low efficiency synthesis processes [12,13].

Therefore, the design next-generation of the corrosion

inhibitor that can smartly protect where it has been corroded

and provide sufficient long-term inhibitive performance have

receiving a great deal of scientists in recent years [14,15].

Nanocontainers, such as metal organic frames [1,16], oxide

nanoparticles [17] and hydrotalcites [18,19] with advantages

like unique microporous structures, capability of controllable

release of the adsorbent molecules into the media by exerting

the adsorbent-surface interaction and without harming

environment have been widely investigated [15].

Hydrotalcites (HTs), also known as layered double

hydroxides (LDHs) or anionic clays, are well known as high

anion-exchange substances due to their unique structure
†Corresponding author: ntd0801@gmail.com, ttxhang60@gmail.com
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which consists of stacks of positively charged, mixed-metal

hydroxide layers [20,21]. Therefore, by using hydrotalcites

as corrosion inhibitors, they can release the inhibitive ions

while absorbing chlorine anions. Recently, the research found

that Zn-Al and Mg-Al HTs intercalated with inorganic

inhibitors as molybdate [21-23], tungstate [24,25], vanadate

[21,26] anions can effectively increase the corrosion resistance

of magnesium alloys, because the interlayer anions were

partially exchanged with chloride anions by ionic exchange

and the invasive chloride ions were held by the hydrotalcite

interlayer [22]. The Mg-Al HTs intercalated with 8-

quinolinol (8HQ) showed the effective corrosion inhibition

of 8HQ to Mg alloy due to the existence of chemisorption

owing to formation of a complex chelate, (bis (8-

hydroxyquinolinato) magnesium, Mg(HQ)2), between 8HQ

anions and dissolved Mg2+ [27].

Mg–Al and Zn–Al HTs [28,29] with vanadate or

divanadate [30] anion showed promising results in active

corrosion protection of aluminum alloys. The active

corrosion protection of AA2024 by a bilayer system

consisting of a hydrotalcite conversion layer coated by a sol-

gel film was studied [31].

Wu et al. [32] developed the preparation of Zn-Al HTs

intercalated with different inorganic inhibitor ions by ion

exchange. The results showed that the HTs loaded with

inhibitors could provide effective corrosion protection for

carbon steel in the simulated concrete pore (SCP) solution.

An incorporation of organic anions such as benzoate [32],

sebacate [33] and 2-benzothiazolythio-succinic acid [33-36],

into the interlayer space of hydrotalcite decreases significantly

the corrosion rate of carbon steel.

Several researches show that size, charge and ratio of metal

cations can affect charge and orientation of anions as well

as relative amount of crystal water which determine crystal

structure parameters of HTs, bond strength, anion exchange

capacity and corrosion resistant capacity [37-39]. In our

previous works, Zn-Al HTs intercalated with benzoate were

prepared by co-precipitation method, incorporated in solvent

free epoxy coatings and applied on carbon steel [33,40]. The

results indicated that a long-term protection was obtained

for carbon steel. 

In present study, Zn-Al HTs containing benzoate (ZnAlHB)

with the different molar ratio of Zn/Al were fabricated and

studied on the effect of cation ratio on anticorrosion abilities on

carbon steel. The structure, composition, chemical composition

and morphology of the Zn-Al HTs containing benzoate

(ZnAlHB) with the different molar ratio of Zn/Al were

investigated by inductively coupled plasma mass spectrometry

(ICP-MS), ultraviolet-visible spectrophotometry (UV-Vis),

scanning electron microscopy (SEM), X-ray diffraction (XRD)

and Fourier transform infrared spectroscopy (FT-IR), the surface

zeta potential measurements. Moreover, the effect of cation ratio

on anticorrosion abilities was explored using electrochemical

impedance spectroscopy (EIS), polarization curve, energy-

dispersive X-ray spectroscopy (EDX), and SEM.

2. Experimental Methods

2.1. Materials and samples preparation

Aluminum nitrate nonahydrate (Al(NO3)3.9H2O) (98%),

Zinc nitrate hexahydrate (Zn(NO3)2.6H2O) (98%) from

Sigma Aldrich were used for fabrication of hydrotalcite.

Sodium hydroxide (NaOH) (98%) from Sigma Aldrich and

sodium benzoate (C7H5O2Na) (99%) from VWR as an

organic compound were used.

ZnAl hydrotalcite containing benzoate (ZnAlHB) was

fabricated by the co-precipitation reaction with different ratio

of Zn/Al = 2/1, 3/1, 4/1. Solution A is a salt mixture of

Zn(NO3)2 and Al(NO3)3 (molar ratio of Zn2+/Al3+ = 2/1, 3/

1, 4/1). Solution B is a mixture of two solutions: benzoate

solution and sodium hydroxide solution. Solution B was kept

under nitrogen atmosphere at room temperature and pH = 8

– 9. Solution A was added to solution B with vigorous

stirring. Then slurry was kept at 50 oC for 24 h under nitrogen

atmosphere. The white precipitation formed was washed

with large amounts of degassed distilled water before drying

at a temperature of 70 oC for 24 h.

The used substrate in this work was carbon steel XC35

rod (1 cm2 cross-section) having chemical composition was

C = 0.35 wt%, Mn = 0.65 wt%, Si = 0.25 wt%, P = 0.035

wt%, S = 0.035 wt% and Fe = balance. To evaluate the

inhibitive efficiency in 0.1 M NaCl solution, the used carbon

steel rod was covered by a heat-shrinkable sheath (left only

the tip of the cylinder in contact with the solution). The

specimens were polished with SiC papers down to grade of

1200, washed with ethanol, and dried in warm air.

2.2. Analytical methods 

Inductively coupled plasma mass spectrometry (ICP-MS)

was used to determine the contents of Zn and Al in ZnAlHB

hydrotalcites. The results were obtained on ICP-MS Agilent

Technologies 7693. 

UV-Vis spectroscopy was measured on GBC Cintra 40

spectrometer used to determine the content of benzoate in

ZnAlHB and release of benzoate from ZnAlHB. The

wavelength region was in the range of 200 – 400 nm. The

samples were prepared at 3 g/L concentration in 0.1 M NaCl

solution for release test. 

The amount of benzoate in ZnAlHB was determined by

the following protocol: 0.03 g of ZnAlHB was dissolved in



436 CORROSION SCIENCE AND TECHNOLOGY Vol.21 No.6, 2022

THU THUY PHAM, ANH SON NGUYEN, THU THUY THAI, GIA VU PHAM, NGOC BACH TA, THUY DUONG NGUYEN, AND TO

THI XUAN HANG

1.2 mL of 1 M HCl solution in 50-mL volumetric flask.

Then distilled water was filled into the balance of volumetric

flask. The absorbance of benzoate was monitored by UV–

Vis spectrophotometer at λmax = 225 nm. Based on the

benzoate standard curve, the concentration of benzoate in

the ZnAlHB was calculated. The standard curve was

obtained from a series of benzoate standard solutions.

Powder X-ray diffraction patterns of ZnAlHB was

obtained on Siemens diffractometer D5000 using CuKα

radiation (λ = 0.15406 nm) at room temperature from 1o to

70o with scanning speed of 2.6°/min under air conditions.

Fourier transform infrared spectra of ZnAlHB powder was

measured on Nexus 670 Nicolet spectrometer with resolution

at 32 cm-1 using the KBr method with transmission mode.

The spectra were obtained in the region of 400 - 4000 cm-1. 

Field emission scanning electron microscope of ZnAlHB

powder and coatings was operated on FESEM Hitachi S-

4800 at a voltage of 5.0 kV.

The zeta potential measurements of the modified

hydrotalcites in distilled water were carried out using a

MALVERN Zetasizer Nano ZS. The concentrations of

suspended solids were adjusted to 0.03 wt% before

measurement.

Electrochemical measurements (EIS and potentiodynamic

polarization) were carried out to study the corrosion

performance of ZnAlHB in a 0.1 M NaCl solution using

VSP 300 Bio-Logic. A classical three-electrode system was

used, in which a XC35 rod with 1 cm2 area as working

electrode, a saturated calomel (SCE) and platinum electrode

were used as reference and counter electrodes, respectively.

The impedance diagrams were taken at the open circuit

potential (OCP), under potentiostatic condition, over a

frequency range from 100 kHz to 10 mHz with an amplitude

of 5 mV. After 2 hours of exposure in 0.1 M NaCl solution

containing ZnAlHB, the anodic and cathodic polarization

curves were recorded at a scan rate of 1 mV s-1. For each

experiment, measurements were performed three times.

Steel surfaces after 2 h exposure to NaCl medium in absence

and presence of ZnAlHB were analyzed by scanning electron

microscopy/energy dispersive X-ray spectroscopy (SEM/

EDX) on scanning electron microscope equipped (JSM-

6510LV) with energy dispersive (INCAx-act, 51-ADD0085).

3. Results

3.1. Characterization of hydrotalcites containing benzoate

3.1.1. Element analysis and determination of inhibitor

content

Elemental analysis data and inhibitor content for the

synthesized hydrotalcites are presented in Table 1. The

experimental atomic ratio of Zn/Al for ZnAlHB was

determined by elemental analysis was 1.9/1, 2.9/1 and 3.6/

1, respectively. These results close proposed ratio.

The loading amounts of benzoate in ZnAlHB were

determined by UV-Vis. The concentration of benzoate (BZ)

in the solution was determined by monitoring the absorbance

at λmax = 225 nm with UV–Vis spectroscopy. The calibration

curve determined from a serie of standards BZ solutions

[41]. The relationship between the absorbance and the BZ

concentration was: 

A = 8236 CBZ - 0.0121 with R2 = 0.999

where C is the concentration and A is the absorption intensity

at λmax = 225 nm.

The benzoate amounts in 2ZnAlHB, 3ZnAlHB, 4ZnAlHB

were 26.8 wt%, 30.4 wt%, 27.5 wt%, respectively.

Formula of ZnAlHB HTs was given in Table 1. It was

indicated that 2ZnAlHB still contained a small part of nitrat

whereas the other hydrotalcites two have no nitrate in

structure.

3.1.2. Fourier-Transform Infrared (FT-IR) Spectroscopy

Fig. 1 presents the FT-IR spectra of ZnAlHB HTs with

different molar ratio of Zn/Al and the corresponding

characteristic bands are given in Table 2. The broad

absorption band at around 3450 cm-1 and 1630 cm-1 region

assigned to OH group because of the presence of the surface

water molecules and interlayer water molecules. There were

medium absorption bands in the 400-700 cm-1, which can

be assigned to the lattice vibration of the metal (e.g. Zn-O,

Al-O). The bands corresponding to of COO- groups appeared

as strong absorptions in the region around 1550 cm-1 and

1400 cm-1 [40]. From the FT-IR spectrum, it can be

Table 1. Elemental analysis data and chemical compositions of modified hydrotalcites

Samples
Content (wt%) Atomic ratio

Zn/Al

Atomic ratio

Bz/Al
Formula

Zn Al Bz

2ZAHB 33.2 7.4 26.8 1.9 0.8 Zn
1.9

Al(OH)
5.8

(NO3)0.2
Bz

0.8
.xH

2
O

3ZAHB 35.9 5.2 30.4 2.9 1.3 Zn
2.9

Al(OH)
7.5

Bz
1.3

.xH
2
O

4ZAHB 38.8 4.5 27.5 3.6 1.4 Zn
3.6

Al(OH)
8.8

Bz
1.4

.xH
2
O
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confirmed that the ZnAlHB HTs with different molar ratio

of Zn/Al were successfully synthesized. However, in

comparison with the FT-IR spectra of ZnAl-NO3 HT, the

characteristic band of asymmetric stretching vibration of the

N-O in nitrate ions at around 1384 cm-1 was still observed,

which was attributed to the appearance of an amount of

nitrate anions in the products [40]. This spectral intensity is

more clearly observed with the case of 2ZnAlHB in

comparison with ones. These results are good agreement

with obtained formula in above elemental analysis.

3.1.3. Zeta potential measurement

The surface charge properties of ZnAlHB HTs were

estimated by zeta potential measurements in distilled water

at 0.03 wt% as shown in Fig. 2. The zeta potentials of all

ZnAlHB HTs are positive and higher than 30mV. The zeta

potential of 2ZnAlHB is 40.8 mV and higher than the ones

of other hydrotalcites (37.9 mV and 37.1 mV). The zeta

potential reduced with an increase of Zn/Al ratio. These

results can be explained that with a constant amount of

aluminum, increase of the Zn/Al ratio corresponded to the

more Zn2+ density causing a decrease in the surface charge

of the material.

3.1.4. XRD analysis

The XRD patterns of ZnAlHB HTs were presented in Fig.

3 and they exhibit distinguishable diffraction peaks observed

at 2θ of 11.57o, 22.98o, 34.90o, 60.50o which corresponded

to (003), (006), (012) and (110) planes as shown in Table 3

in the XRD standard of ZnAl hydrotalcite (JCPDS No. 38-

0486) [40]. In comparison with ZnAl HTs [40], the XRD

pattern of 2ZnAlHB, 3ZnAlHB and 4ZnAlHB shows the

(003) reflection increasing to the basal spacing of 2.112 nm,

1.509 nm and 1.558 nm respectively. The increasing of d-

spacing value between 2.11 and 1.51 nm confirms the

intercalation of benzoate in the interlayer domain of

hydrotalcite [40]. Therefore, the ZnAlHB HTs were obtained

using the co-precipitation method.

The lattice parameters (a, c, u) and crystalline size of

ZnAlHB HTs determined from XRD pattern are presented

in Table 4. The lattice parameter a of hydrotalcite

corresponds to the cation-cation distance within the brucite-

like layer and is calculated by the equation a = 2 x d(110).

Fig. 1. FT-IR spectra of the ZnAlHB HTs with different
molar ratio of Zn/Al

Fig. 2. Zeta potential of ZnAlHB HTs at 0.03 wt%
concentration.

Table 2. Characteristic bands of FT-IR spectra obtained for the ZnAlHB HTs with different molar ratio of Zn/Al

Group

Samples

IR bands (cm–1)

OH- O-H CHaromatic ring COO- NO3 Al-O Zn-O

2ZnAlHB 3443 - 1597 1552 1384 621 428

3ZnAlHB 3469 1633 1596 1551 1396 614 427

4ZnAlHB 3508 1632 1593 1533 1384 606 424
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The lattice c parameter related to the thickness of the brucite-

like layer and the interlayer distance is estimated by the

equation c = 3 × d(003). The interlayer spacing u of brucite-

like layers in HTs could be derived from d-spacing of 003

planes. The crystallite size of HTs can be obtained by using

the Scherrer equation at the characteristic peak (006):

d = 0.9λ/FWHMcosθ

where λ = 0.154 nm, FWHM, θ are the wavelength of X-

rays, the full width at half maximum in radians and the

diffraction angle for the peak (006), respectively. 

The result showed that when Zn/Al molar ratio increased

from 2ZnAlHB to 3ZnAlHB, the c parameter decreased from

6.069 nm to 4.527 nm and interlayer spacing u also reduced

from 5.763 nm to 4.221nm. The higher value c of 2ZnAlHB

can be explained by the interlayer interaction. Zn2+ density

is more in higher Zn/Al ratio due to coulombic forces

between anion and hydroxide may be changed. When Zn/

Al molar ratio increased from 3ZnAlHB to 4ZnAlHB, the

c parameter, as well as interlayer spacing u also gradually

increased. That change could be explained by the substitution

of small cations Al3+ (radius of 68 pm) by larger cations Zn2+

(radius of 83 pm) causing the expansion of HT unit cell,

consequently, making the increase slightly in interlayer

spacing u. The crystallite size of HTs were obtained by using

the Scherrer equation at the characteristic peak (006). The

crystallite size of HTs showed a downward trend when the

molar ratio of Zn/Al increases. In addition, with changing

molar ratio of Zn/Al, the composition of the product changes.

While the XRD pattern of 2ZnAlHB was not any foreign

peaks belonging to contaminations, for 3ZnAlHB and

4ZnAlHB samples, which appeared some new peaks

attributable to ZnO (JCPDS No. 36-1451). This indicates

that increasing concentration of zinc cation seemed to have

significant effect on the presence of ZnO. Zinc oxide which

was interweaved with the network of 3ZnAlHB and

4ZnAlHB crystals could work as a conditioner and could

make the mutual orientation of benzoate ring planes in the

interlayer space. Therefore, the increasing of interlayer

spacing u from 3ZnAlHB to 4ZnAlHB completely depends

on the change of molar ratio Zn/Al.

3.1.5. Scanning electronic microscopy

SEM images of ZnAlHB HTs are shown in Fig. 4. The

Table 3. XRD pattern of synthesized hydrotalcites

Hydrotalcite
(003) (006) (110)

2θ (oC) d (nm) 2θ (oC) d (nm) 2θ (oC) d (nm)

2ZnAlHB 4.36 2.112 11.44 0.774 60.58 0.153

3ZnAlHB 5.86 1.509 11.58 0.763 60.32 0.153

4ZnAlHB 5.72 1.557 11.57 0.764 60.32 0.153

Fig. 3. XRD patterns of the ZnAlHB HTs with different
molar ratio of Zn/Al

Table 4. Lattice parameters (c, a) and crystallite size of synthesized hydrotalcites

Hydrotalcite
Lattice parameter (nm)

Crystallite size (nm)
a c u

2ZnAlHB 0.306 6.069 5.763 23.212

3ZnAlHB 0.306 4.527 4.221 22.752

4ZnAlHB 0.306 4.671 4.365 11.030
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crystal size of ZnAlHB HTs tended to decrease slightly as the

molar ratio of Zn/Al was increased from 2 to 4. All the samples

show the typical plate-like morphology of hydrotalcite with

particle sizes in the range from 200 nm to 500 nm. The

morphologies of 3ZnAlHB and 4ZnAlHB are similar and

are more separated than the one of 2ZnAlHB. 4ZnAlHB

particles are smallest and most homogenous. This result is

completely consistent to the result obtained by using the

Scherrer's equation in XRD analysis. When Zn/Al molar

ratio increased from 2ZnAlHB to 3ZnAlHB, the c parameter

and crystallite size in the XRD analysis results decreased

corresponding to the reduce in the thickness and size of the

hydrotalcite sheet. That can be clearly observed in the SEM

images, the HT sheets of 2ZnAlHB sample are thicker and

larger than that of 3ZnAlHB sample. In the case of 4ZnAlHB

sample, the c parameter and the crystallite size are lowest

among samples and it has thinnest and smallest sheet.

3.2. Release of inhibitors from modified hydrotalcites

The corrosion process generally occurs in the presence of

aggressive anions in the solution. The inhibitors release in

the presence of anions is expected to impede corrosion and

confer self-healing properties to the coatings. The influence

of the Zn/Al ratio on the benzoate release from ZnAlHB

HTs in 0.1 M NaCl solution at 3 g/L was also evaluated.

The release of benzoate from 2ZnAlHB, 3ZnAlHB,

4ZnAlHB after different immersion times are shown in Fig.

5. It can be seen for all three solutions, there was a rapid

release within the initial 120 minutes, followed by a slower

release. The release of benzoate increased with growth of

Zn/Al ratio. After 1440 minutes, the releases of benzoate

from 4ZnAlHB, 3ZnAlHB, 2ZnAlHB were about 65%, 60%

and 54%, respectively. The release of inhibitors from

modified hydrotalcites is due to an exchange anion reaction

which depends on the interaction between the intercalated

anion and the positively charged hydroxide layer in

hydrotalcites. The interlayer interactions in hydrotalcites are

coulombic forces between the positively charged layers and

the anions in the interlayer but also hydrogen bonding

between the hydroxyl groups of the layer with the anions

and the water molecules in the interlayer [42,43]. The lower

release of benzoate from hydrotalcites with lower Zn/Al ratio

can be explained that with a constant amount of aluminum,

reduction of the Zn/Al ratio corresponded to the less Zn2+

density causing an increase of the positively charged of layers

or a stronger coulombic force. These obtained results seem

to be consistent with those above analyses.

3.3. Corrosion inhibition effect of modified hydrotalcites 

The polarization curves for the carbon steel electrode

obtained after 2 h of immersion in 0.1 M NaCl solution

without inhibitor and with ZnAlHB HTs at concentration of

3 g/L are presented in Fig. 6. The anodic curves are strongly

modified by the presence of ZnAlHB HTs in comparison to

the solution without inhibitors. It can be seen that the

corrosion current density decreases significantly with the

presence of ZnAlHB HTs and it was close for all ZnAlHB

Fig. 4. SEM images of ZnAlHB HTs

Fig. 5. Fraction released of ZnAlHB HTs in 0.1 M NaCl
solution
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HTs. The shift of the corrosion potential of all hydrotalcites

towards more positive values (-0.43 V, -0.47 V and -0.48 V

for 2ZnAlHB, 3ZnAlHB and 4ZnAlHB, respectively) than

the one of blank sample (-0.63 V). These results showed that

all ZnAlHB HTs are anodic inhibitors for carbon steel. The

cathodic curve of 2ZnAlHB had a very slightly difference

compared to the curve obtained in the blank solution. The

cathodic curves measured in the solution containing 3ZnAlHB

and 4ZnAlHB showed a decrease of cathodic current

densities in comparison to the case of 2ZnAlHB. This

different behavior among hydrotalcites samples can be

explained the presence of ZnO in structure of 3ZnAlHB and

4ZnAlHB. So 3ZnAlHB and 4ZnAlHB can act as mixed

inhibitor.

Fig. 7 shows impedance diagrams (Bode coordinates)

obtained for the carbon steel in these solutions after 2 hours

of immersion. For the solution containing ZnAlHB HTs, the

impedance modulus and phase angle presented a difference

compared to the curves obtained for the 0.1 M NaCl solution

without inhibitors. The impedance module value increased

with presence of ZnAlHB HTs and this value is higher with

higher Zn/Al ratio. 

Additionally, the inhibitor efficiency can be evaluated by

using the value of the polarization resistance obtained from

impedance diagram according to equation: E% = (Rp− Rp0)/

Rp [36]. In this equation, Rp and Rp0 are the polarization

resistances in the presence and the absence of inhibitor.

The measured values are reported in Table 5. It shows that

the inhibitor efficiency of 3ZnAlHB (89.3%) and 4ZnAlHB

(89.4%) is higher than that of 2ZnAlHB (77.3%). The higher

inhibiting performance of ZnAlHB HTs having higher Zn/

Al ratio compared to that of 2ZnAlHB HTs can be explained

by inhibitor release abilities and the presence ZnO in

hydrotalcite structure.

SEM photographs of steel surface were also taken after 2

h immersion in 0.1 M NaCl solution without and with

ZnAlHB HTs at a concentration of 3 g/L and shown in Fig.

8. For steel surface immersed in 0.1 M NaCl solution without

Fig. 6. Polarization curves obtained for the carbon steel
electrode after 2 h of immersion in 0.1 M NaCl solution
without inhibitor and with different ZnAlHB HTs at 3 g/L

Fig. 7. Electrochemical impedance diagrams (Bode plots)
obtained for the carbon steel electrode after 2 h of
immersion in 0.1 M NaCl solution without inhibitor and
with different ZnAlHB HTs at concentration of 3 g/L

Table 5. Polarization resistance and inhibition efficiency for
carbon steel electrode after 2 h of immersion in the 0.1 M
NaCl solution without inhibitor and with different ZnAlHB
HTs at concentration of 3g/L

Sample Rp (Ω.cm2)
Inhibition efficiency 

(%)

Blank 197 -

2ZnAlHB 867 77.3

3ZnAlHB 1840 89.3

4ZnAlHB 1867 89.4
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inhibitor, crystals of iron oxide are observed. In the case of

0.1 M NaCl solution containing ZnAlHB HTs, hydrotalcites

can be detected on the steel surface but corrosion products

are no more present. For solutions containing hydrotalcite

with higher Zn/Al ratio, the hydrotalcite structures were more

separated with smaller size in comparison with that of a

solution with 2ZnAlHB. Finally, elemental analyses by EDX

of the steel surface were also performed after 2 h immersion

in 0.1 M NaCl solution without and with ZnAlHB HTs at a

concentration of 3 g/L and presented in Table 6.

The EDX analysis shows a high oxygen content in the

case without inhibitor. A lower oxygen content is revealed

in the case of hydrotalcites loaded with benzoate. The results

confirm that there are more iron oxides formed on the steel

surface in solutions without inhibitor in comparison with

solutions containing ZnAlHB HTs. For solutions containing

3ZnAlHB and 4ZnAlHB, the content of Zn is more than that

of 2ZnAlHB. This result indicated the presence of hydrotacite

and ZnO formated a thin protective deposited film. The

obtained results confirm that the inhibition efficiency of

ZnAlHB hydrotalcites depends on Zn/Al ratio. Among the

three ZnAlHB hydrotalcites, 3ZnAlHB and 4ZnAlHB

provide the better corrosion inhibition for carbon steel in 0.1

M NaCl solution. 

4. Conclusions

This work focused to investigate the effect of Zn/Al ratio

on the corrosion inhibition of hydrotalcites containing

benzoate for carbon steel in NaCl solution. The morphology

and structure of ZnAlHB HTs have changes with different

Zn/Al ratio. There are no nitrate group and appearance of

ZnO in the structure of hydrotalcites with higher Zn/Al ratio

(3/1 and 4/1). The surface charge of hydrotalcites decrease

Table 6. EDX elemental analysis of steel surface after 2 h immersion in 0.1 M NaCl solution without inhibitor and with
hydrotalcites at a concentration of 3 g/L

Imersion medium Zn (wt%) Al (wt%) O (wt%) Fe (wt%) C (wt%)

0.1 M NaCl - - 31.69 55.77 12.54

0.1 M NaCl + 2ZnAlHB 7.94 0.93 6.14 79.60 5.38

0.1 M NaCl + 3ZnAlHB 12.09 1.29 6.25 74.92 5.45

0.1 M NaCl + 4ZnAlHB 10.34 0.78 4.12 79.07 5.7

Fig. 8. SEM photographs of steel surface after 2 h of immersion in 0.1 NaCl solution without inhibitor and with ZnAlHB HTs
at a concentration of 3 g/L
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with increase of Zn/Al ratio. In a 0.1 M NaCl solution, the

release of benzoate increased with growth of Zn/Al ratio.

The inhibition efficiencies of 3ZnAlHB and 4ZnAlHB were

higher than that of 2ZnAlHB in 0.1 M NaCl media.
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