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ABSTRACT

The corrosion inhibition study by using various concentrations of dodecylamine on mild steel in 1.0 M HCI
solution at different temperature i.e. 298, 308 and 318K for immersion time periods of 24.0 hrs were carried out
by Weight loss measurement, Electrochemical impedance spectroscopy (EIS), Potentiodynamic polarization
measurement, SEM (Scanning Electron Microscope). The results from the weight loss measurement show that
corrosion inhibition efficiency increases with increasing the inhibitors concentration but decreases with
increasing in temperature range, the maximum percentage corrosion inhibition efficiency were found 88.67%
for dodecylamine for 1000ppm concentration at 298 K temperature for 24.0 hours. By electrochemical
impedance study it observed that charge transfer resistance (Rc) value increases and double layer capacitance
(Ca) value decreases with increasing the inhibitior concentration hence inhibition efficiency increases which
also related to the charge transfer resistance. Potentiodynamic polarization curves show that dodecylamine
behave as mixed type corrosion inhibitor. Adsorption of studied inhibitor on the mild steel surface obeyed the
Langmuir adsorption isotherm. SEM study also analysis that there is formation of protective layer on the
surface of mild steel to protect the surface against corrosion and surface become smooth and more clean and
clear with increasing the inhibitor concentrations. Hence all these techniques study shows that dodecylamine is
performed as good corrosion inhibitor for Mild Steel in 1.0 M HCI solution.

Keywords: Mild Steel, Dodecylamine, HCISolution, Potentiodynamic Polarization, Electrochemical Impedance

Spectroscopy, SEM.

I. INTRODUCTION reactive materials and are prone to corrode in these

acid solutions. The addition of inhibitors secures the

Corrosion of iron and mainly its alloys has been a  jron and its alloys against an acid attack effectively.
subject of numerous studies due to their wide range of  Mild steel is widely used in most of industries, mainly
industrial applications especially in petroleum  petroleum, power production and machinery due to
industries and power plants [1]. Acid solutions are jts excellent ductile strength, low cost and easily
extensively used in many industrial processes, the gavailability [6-8]. However, the mild steel is easily

acid cleaning, acid descaling and oil well acidizing [2-  acidic medium [9-13].
5].

Corrosion decreases the valuable properties of mild
The commonly used acids are hydrochloric acid, steel. Now a day, metal protections against corrosion

sulfuric acid, nitric acid, etc. Iron and its alloys are  js a very serious problem in research work. Hence,
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many researchers work in this field and found that
the use of different types of corrosion inhibitors in
one of the most practical method for protecting the
mild steel against corrosion especially in hydrochloric
acidic solution [14]. The role of corrosion inhibitors is
that it reduces the corrosion rates on the surface of
metal and also decreases the reaction of metal with

acidic environment.

The corrosion inhibition of in acidic medium can be
affected by different types of organic, inorganic and
pharmaceutical compounds etc. In literature survey, it
has been seen that among different types of organic
and inorganic corrosion inhibitors, the use of organic
compounds are the best approach and effective

corrosion inhibitor for mild steel in acidic medium.

Generally, the organic compounds containing hetero
atom such as nitrogen, oxygen or sulphur and
electron in multiple bonds in their aromatic ring type
structure [15- 21] are considered as main adsorption
centers due to which these compounds are considered
more effective corrosion inhibitors. The corrosion
inhibitive properties of these types of corrosion
inhibitors mainly attributes to their molecular
structure, steric factor, electron density and lone pair

present on the heteroatom [22-24].

These compounds form a coordination covalent bond
between metal surface and used corrosion inhibitors
called chemical adsorption (Chemisorption) and
electrostatic interaction between metal and corrosion
inhibitors called physical adsorption (Physiorption) or
combination of both type interactions [25, 26].
Among different organic compounds, compounds
containing nitrogen such as amines and heterocyclic
compounds are found to be most effective corrosion

inhibitors [27-31].

The objective of present chapter is to discuss the
effect of Dodecylamine as corrosion inhibitor on
corrosion of mild steel in 1.0 M HCI solution at 25.0,
35.0 and 45.0°C temperatures for 24 hrs immersion

time periods using different corrosion techniques like
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weight loss measurement, electrochemical impedance

spectroscopy, potentiodynamic polarization
measurement and adsorption isotherm. Scanning
electron micrographs of corroded mild steel surface
have been taken in absence and presence different
concentrations of these corrosion inhibitors in 1.0 M

HCI solution.

II. METHODS AND MATERIAL

Preparation of material
Mild steel specimens used for corrosion study were
purchased from local market having following
composition, C 0.054, Mn 0.26, Cr 0.056, Cu 0.010, Ti
0.002, S 0.017, P 0.019, Mo 0.018, Si 0.015, Ni 0.009
and remained iron. First of all the mild steel
specimens were cut into 1X3 cm? dimensions for
1X5

electrochemical and polarization measurements and

weight loss measurement and cm? for
then polished with different grades emery papers (100
- 1000). That after specimens were rinsed with double
distilled water, degreased with acetone and dried with
help of hot air dryer and then used for experiment

study.

Inhibitor

Dodecylamine purchased from Sigma-Aldrich (99%)
was used as corrosion inhibitor for corrosion study in
acidic medium. The molecular mass and molecular
formula of doecylamine is Ci2H27N and 185.355 g/mol

respectively.

Preparation of Solutions

The acidic media of 1.0 M HCI was prepared by
dilution of concentration HCI analytical grade 37%
with double distilled water. The corrosion inhibitor
solution which have been used for experiment
purposes were made up by dilution of 0.5ml
dodecylamine with 500ml of 1.0 M HCI solution to
1000 ppm

corrosion

make solution (stock solution).The

inhibitor used without any further
purification. The concentrations range was used for
experimentation from O ppm to 1000 ppm with a

difference of 200 ppm.
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Weight loss measurement

It is such type of technique that forms the baseline
method of measurement in many corrosion
monitoring programmers. First of all Mild steel
samples were cut in to 1X3 cm? then abraded with
emery paper of different grade (100-1000) and rinsed
with double distilled water, cleaned with acetone and
finally dried between filter paper then weighted. The
weight loss study carried out at on previously weight
sample in 30ml of 1.0 M HCI solution filled in 50ml
beaker

concentrations of corrosion inhibitor for immersion

in presence and absence of different
time period of 24 hrs at different temperature ranges
i.e. 298, 308 and 318 K in test solution and then after
sample put out side from the test solution after
completion of time period and cleaned with double
distilled water followed by acetone, dried then
weighted again. The experiment was performed in
triplicate and then average weight loss was recorded

by this weight loss study. The percentage corrosion

inhibition efficiency and surface coverage are
calculated by using following equations.
Wo — Wj
NMw% = ———— X100 . o v (1)
Wo
Wy — W;
9 — o i (2)

WO
Where, wo and wi are the weight loss value of mild
inhibitor

steel in absenceand presence of

respectively.The corrosion rate of mild steel was

calculated by using equation,-
87.6 x W
Where w is weight loss of mild steel in mg, A is area

Cr(mmy™) =

of sample (cm?), t is exposure time (hours) and D is

density of mild steel (g cm?3).

Electrochemical Measurement

Mild Steel specimen sizes of 1x5cm? dimensions are
The
specimens were rubbed with (100-1000) grades of

used for electrochemical measurement.
emery papers, cleaned with double distilled water
followed by acetone & dried with hot air dryer put
into desiccators then after used for experimental
study. The sample surface area 1.0 x 1.0 cm?has been

selected for the electrochemical study.
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Electrochemical impedance and Potentiodynamic
polarization were carried out by AUTOLAB Salatron
model 1280B Potentiostat. Electrochemical process
were carried out with help of three electrodes, one of
them is mild steel as working electrode, platinum as
counter electrode and saturated calomel electrode as
reference electrode are suspended in 50 ml beaker
(200-1000ppm) of
dodecylamine prepared by 1.0 M HCl solution. Before

with different concentrations

starting each experiments first of all the electrodes
were immersed in test solution at open circuit
potential (OCP) for 30 minutes at 298 K temperature
to attained a stabilized value of OCP and then after

proceeds the measurement.

Electrochemical impedance spectroscopy

The electrochemical impedance measurements were
carried out in frequency range of 10 kHz to 0.01Hz
with signal amplitude of 10 mV at the corrosion
potential (-Ecorr) at different concentration of used
corrosion inhibitor. The impedance measurements
were automatically controlled by Z-view software
and the impedance diagrams were given in the
Nyquist representation. Electrochemical impedance
parameters such as Charge Transfer Resistance (Rc)
and Double Layer Capacitance (Ca)) were calculated
from EIS data.

Potentiodynamic Polarization

The polarizations behavior of mild steel specimens in
presence and absence of different concentrations of
inhibitor in 1.0 M HCI solution at 298 K was carried
out by the Potentiodynamic polarization curves. The
potentiodynamic polarization study was taken after
impedance measurement at same cell setup and
potential range were taken -200 mV to +200 mV with
respect to open circuit potential, at a scan rate of 1.0
mV/ sec. The different corrosion parameters such as
corrosion potential (-Ecorr), corrosion current density
(Leorr), cathodic (Bc) and anodic (B.) Tafel constant

were obtained by the plot of polarization curve.
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SEM analysis

The surface mild steel specimens after it exposure to
1.0 M HCl in the absence and presence of
dodecylamine as corrosion inhibitor at different

temperatures for 24.0 hrs were analyzed by ZEISS

dodecylamine tested as corrosion inhibitor for mild
steel in acidic medium by using weight loss
techniques in absence and presence of different
concentrations inhibitors in 1.0 M HCI solution at

different temperatures for 24.0 hrs immersion time.

Scanning Electronic Microscope (AIIMS, DELHI).
Effect of concentration,
III. RESULTS AND DISCUSSION The calculated experimental values of corrosion
inhibition efficiency and corrosion rate without and
Weight loss measurements, with different concentrations of Dodecylamine in 1.0
Weight loss measurements widely used by many M HCI solutions are summarized in Tables 1.

researchers in earlier works [32-35]. In present work,

Table 1.Inhibition Efficiency and Corrosion Rate values for the Corrosion of mild steel in acid solution of 1.0
M HCI in the absence and in the presence of different concentrations of Dodecylamine from weight loss

measurements at different temperature i.e. 298, 308 and 318 K for 24.0 hours of immersion time

Corrosion Immersion Concentrations Weight Corrosion Percentage Surface
Inhibitor Time Periods (ppm) Loss Rates Inhibition Coverage
Name (hrs) (mg) (mmy?) Efficiencies )
(% 1. Ew)
0 0.212 33.58 - -
200 0.050 7.92 76.41 0.76
400 0.044 6.97 79.24 0.79
600 0.039 6.17 81.60 0.81
208 K 800 0.029 459 86.32 0.86
Dodecyl 1000 0.024 3.80 88.67 0.88
amine 0 0.212 0.237 37.54 :
200 0.050 0.074 11.72 68.77
400 0.044 0.066 10.45 72.15
(24.0 hrs) 600 0.039 0.054 8.55 7721
308 K 800 0.029 0.046 7.8 80.59
1000 0.024 0.037 5.86 84.38
0 0.313 49.58 - -
200 0.111 17.58 64.53 0.64
400 0.098 15.52 68.69 0.68
600 0.084 13.30 73.16 0.73
318 K 800 0.078 1235 75.07 0.75
1000 0.067 10.61 78.59 0.78
Data from these Tables revealed that the percentage Effect of Temperature,

corrosion inhibition efficiency increases and

corrosion rates decreases with increase in the
concentration corrosion inhibitors in acidic solution
i.e. from 200 to 1000 ppm that might be due to the
increased adsorption of inhibitor on the metal surface
with the increase in the concentration of corrosion

inhibitors.
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Theeffects of temperatures on the corrosion rates and
corrosion inhibition efficiency of mild steel samples
in 1.0 M HCI solution at different concentrations of
dodecylamine is shown in figures 1 and 2. It can be
seen from the inspection of Tables 1 that with rise in
temperature from 298 to 318 K the weight loss of

mild steel increased hence the corrosion rates value
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increased but corrosion inhibition efficiency value

decreased at same concentration of corrosion

inhibitor.

This behaviour could attributes to decrease in the
strength of the adsorption process and it also indicates
desorption of inhibitor from the surface of mild steel

at higher temperature [36].
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Figure 1.Variation of Inhibition Efficiency with

Different Concentrations of Dodecylamine at Different

Temperatures (298, 308 and 318 K) for Immersion Time

Period 24.0 hours.
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Figure 2. Variation of Corrosion Rates with Various
Concentration of dodecylamine at Different
Temperatures (298 , 308 and 318 K ) for Immersion
Time Period 24.0 hour.

According to Oguzie et al. [37], a decrease of

corrosion inhibition efficiency with rise in

temperature suggests that inhibitor molecules are
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physically adsorbed on the metal surface, While the
reverse behavior suggests the molecules absorbed
surface by the action of Chemisorptions Thus, the
results signify that the adsorption of dodecylamine is
mainly due to the physical adsorption. The increase in
temperature usually accelerates the evolution of
hydrogen, which results in a higher dissolution rate of
the mild steel.

The maximum corrosion inhibition efficiency were
found 88.67% and corrosion rate decreases 3.80 mmy-
! for dodecylamine with increasing the time periods
from 24 hrs at temperatures 298 K for 1000 ppm

concentration.

Adsorption Isotherm

For determining and understanding the mechanism of
corrosion inhibitor and adsorption behavior, the
study of absorption isotherm is most important. The
isotherm can provide additional information about
the Different

isotherm can be used to evaluate the adsorption

corrosion inhibition properties.
behavior of corrosion inhibitor on the surface of mild
steel such as Frumkin, Langmuir isotherm, Temkin,

Freundlich and Flory - Huggins etc.

Among these several types of adsorption isotherms, In
the Langmuir adsorption isotherm straight line was
found to best fit for that experimental data measurement.
A straight line curves with strong correlation coefficient
nearly equal to 1.0 was obtained on plotting Cinn/0
against Cinn as at different temperatures i.e. 298, 308, 318

K for 24.0 hrs immersion time are shown in Figures 3.
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Figure 3. Langmuir adsorption isotherm plot for the
mild steel in 1.0M HCI solution with different
different

concentration of dodecylamine at

temperatures for immersion time 24.0 hours.

Figures suggest that adsorption of the Dodecylamine

on the mild steel surface followed langmuir
adsorption isotherm. The straight line relationship
between surface coverage 6 and the inhibitor
concentrations which are characteristics of Langmuir

adsorption isotherm are given by equation [38-40].

Cinn _ 1
6 Kaas

Where, C;y,j, is the concentration of inhibitor, 6 is the
surface coverage which is obtained from the weight

o ¥iand K,y could be

loss by using equation & = "

calculated from the intercepts of the straight lines on

C; ) ep
the %h axis, the equilibrium constant of the
adsorption relation to the standard free adsorption
energy is calculated from the equilibrium constant

using following equation [41],

AG® gs= - RT (10 55.5K345) evvereernnn. )

Where, R is the universal gas constant (8.314 ] mol™
K1), T is absolute temperature and 55.5 is the
concentration of water [42, 43] in solution (mol/lit.).
The
parameters Kias and AG%as values are illustrate in
Tables 2.

linear correlation coefficient adsorption

Table 2.Thermodynamic adsorption parameters for

mild steel in 1.0 M HCI in the presence of various

concentrations of Dodecylamine at different
temperatures for 24 hrs time periods.
Corrosion Immersion | Temperature Log -AG 46
Inhibitor Time (hrs) (Kelvin) 55.5 (kJ mol
Name Kads l)

Dodecylamine 24.0 298 4.325 -24.680
308 4166 | -24.569
318 4184 | -24475
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The table reveals that with increase in temperature
the Kaas decreases gradually, which indicates that the
corrosion inhibitor strongly adsorbed on to the mild
steel surface at a lower temperature. But when the
temperature is high, the adsorbed corrosion inhibitor

tends to desorbed from the steel surface.

Mainly, the absolute value of AGY%asis -20 kJ/mol or
lower than -20 kJ/mol, they are consistent with the
the
molecules and the charged metal called physical

electrostatic  interaction between charged
adsorption (physisorption) [44] and those that are -40
kJ/mol or more negative than -40 kJ/mol, which
involve sharing or transfer of electrons from the
inhibitor molecules to the metal surface to form a
coordinate bond called

(chemisorption) [45-48].

chemical adsorption

Here, from the Table 2 calculated value of AG%%as for
dodecylamine are found to be ranged from -24.68 to -
24.47, respectively for 24 hrs immersion time at
different temperatures which lies between -20 kJ/mol
and -40 kJ/mol that indicates the adsorption process
of corrosion inhibitor on metal surface is mixed
called
physiochemical adsorption [49-52]. Also the negative

physical ~and  chemical  adsorption
values of AG%as revealed that the adsorption of
inhibitor on the mild steel is a spontaneous process

usually shows the strong interaction on the surface.

Electrochemical Impedance Measurement,
Electrochemical Impedance Spectroscopy Technique
The Electrochemical impedance spectra of mild steel
for corrosion inhibitor present in the form of Nyquist

plots are shown in Figures 4.
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Figure 4.Nyquist Plots for Mild Steel Samples in 1.0 M
HCI Solution with Presence and Absence of Different
concentrations of Dodecylamine as Corrosion

Inhibitor at 298 K Temperature.

It is clear from the graph that the Nyquist plots are
semicircles in nature and it can be seen from the
diagram that diameter of semicircle increases with

increase in the concentration of corrosion inhibitor in

1.0 M HCl solution. Figure 4 shows that the
impedance value in presence of inhibitor is larger
than in the absence of inhibitor. It shows adsorption

of inhibitor on surface of mild steel.

The impedance spectra show the one single capacitive
loop which suggest that the corrosion of mild steel
surface is mainly controlled by the charge transfer
process and generally related to charge transfer and
double layer behavior [53, 54].

Noticeably, these impedances are not perfectly
semicircle which can be attributed to frequency
dispersion as a result of non homogeneity or
roughness of metal steel surface [55]. The corrosion of
mild steel is wusually related to charge transfer
resistance and double layer capacitance behavior of
corrosion process. The experimental calculated values
of charge transfer resistance (R«), double layer
capacitance (Ca) and percentage corrosion inhibition
efficiency (IE %) are listed in Table 3.

Table 3.Impedance parameters and their corresponding inhibition efficiency in presence and absence of

different concentrations of Dodecylamine at 25.0°C temperature.

Corrosion Temper | Concentrations | Rc(Q.cm?) Ca(uF.cm™?) PercentageCorrosion
Inhibitor ature (ppm) Inhibition Efficiencies
Name (%I.ER)
0 58.82 827.88 -
200 265.29 183.55 77.82
Dodecylamine | 25.0°C 400 328.15 148.39 82.07
600 346.01 140.13 83.00
800 368.60 136.11 84.04
1000 430.40 113.14 86.33

It is observed from the Table 5 that by increasing the

concentration of inhibitor the double layer
capacitance (Ca) values decreases and charge transfer
resistance values increases, which shows the

adsorption of inhibitor on the metal/solution interface

surface leading to the formation of thin layer film [56].

The decreases in the (Ca) values with concentration
the situation were the result from a decrease in

dielectric constant [57, 58] and increase in the
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thickness of the electric double layer which denote
the inhibitor molecule function by adsorption at the

metal/ solution interface [59].

The charge transfer resistance value calculated from
the difference in impedance (Z:.1) at lower to higher
frequencies [60-62]. The value of double layer

capacitance are obtained from the frequency at which
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the imaginary component of impedance is (-Zmax)

maximal and calculated from following equation [63].

1
Ca=

27 fmax Ret

Where, f max is the frequency value at the top of
semicircle and it is mid way of Z rea& also at which Z

image. Component is maximal.

The percentage corrosion inhibition efficiency is
calculated from using charge transfer resistance value

by following equation [64].

LE.% = "S5 100, e )

ct (inh)

Where R« and Re nn) are the charge transfer
resistance in absence and presence of different
concentrations of inhibitor. The maximum percentage
corrosion inhibition efficiency (IEx%) were found by
86.33 % at 1000 ppm

concentrations for dodecylamine

EIS measurement was

The Bode impedance diagram of log Z vs. frequency
obtained for the mild steel in the absence and
presence of 200 to 1000 ppm concentrations of

dodecylamine in 1.0 M HCI solution at 298 K

temperature are shown in Figures 5.

|—— 0 ppm
= 200 ppm
400 ppm
—=— B00 ppm
800 ppm

~— 1000 ppm

Log Z fx. cm’

Log Frequency (Hz)

Figure 5. Bode digramme for Mild Steel Samples in
1.0 M HCl Solution with Presence and Absence of
Different Concentrations of Dodecylamine as

Corrosion Inhibitor at 298 K Temperature.
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From these Figures, it was found that, in the higher
frequency region, the Log Z tends to be very low. It
also shows that the value of impedance increases on
increasing the concentration of inhibitor in 1.0 M

HCI solution.

Potentiodynamic Polarization Measurement

The corrosion behavior of dodecylamine on the
cathodic and anodic polarization curve for mild steel
in 1.0 M HCI solution with and without corrosion

inhibitor is shown in Figures 6 as Tafel plots.

——

log i { Alem? )
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== 200 ppm
—— 400 ppm
—=— G00 ppm
1 « B00 ppm
=—1000 ppm

1) 55 =13 50

=13, 50 =i 4% =140

Potential(V/SCE)

Figure 6.Potentiodynamic Polarization Curves for the
Corrosion of Mild Steel in 1.0 M HCI Solution with
and without different concentrations of Dodecylamine

as Corrosion Inhibitor at 25.0°C Temperature.

It could be observed from the Figure that the with
addition of corrosion inhibitor in acidic solution the
cathodic and anodic reaction were suppressed, which
suggested that both cathodic and anodic branches of
Tafel curve to lower value of current density. It also
shows that the inhibitor compound retard the
corrosion process on the surface of mild steel. These
results show the reduction of the anodic dissolution
and retard the process of hydrogen evolution at
cathode or controlled the cathodic and anodic
reactions on the mild steel surface [65, 66]. This is due
to the effect of inhibitor, which adsorb strongly on
the surface at higher concentration. The different
like

corrosion potential (-Ecorr), corrosion current density

electrochemical corrosion parameters ie.

739



(Leorr), cathodic (Bc) and anodic (B.) Tafel constant [67] and percentage corrosion inhibition efficiency

obtained from extraplotation of polarization curves are given in Tables 4.
Table 4.Potentiodynamic polarization measurements for mild steel samples in 1.0 M HCl with and without

different concentration of Dodecylamine at 25.0°C Temperature.

Corrosion | Concentra | Pa(mVd?!) | B«(mVd | Rp(Q.cm?) | -Ecor(mV | icor(pA cm- Percentage
Inhibitor tions 1 vs.SCE) 2) Corrosion
Name (ppm) Inhibition
Efficiencies
(%I.Ep)
0 426 1479 27.92 -450 5.14 -
200 322 1261 63.50 -466 1.75 65.95
Dodecyl 400 352 1452 87.63 -485 1.40 72.76
Amine 600 392 1159 102.17 -473 1.24 75.87
(25.0 °C) 800 292 1513 113.52 -493 0.93 81.90
1000 281 1443 121.34 -507 0.84 83.65
In addition, from the Tables 4 that the anodic Tafel
constant (fa) and cathodic Tafel constant (Bc) values The inhibition efficiency (IE , %) for each

were slightly changed with addition inhibitor, this also
indicates that these corrosion inhibitors affected both
the anodic and cathodic reactions. But the values of
cathodicTafel constant are higher than anodic which
show the inhibitor effect on the cathodic hydrogen
evolution reactions is more than on the anodic

dissolution reactions.

The values of polarization resistance, cathodic&
anodic Tafel constant were used to calculate the
corrosion current density (Icorr). The corrosion current
density (Icorr) calculated by using equation (8) (Stern-
Geary equation).

BaXBc 1
2.303(Ba+Bc) X Rp

Icorr =

Where, R, is the polarization resistance, f8; and f.
the

respectively.

are cathodic and anodic Tafel constant,

There was no significant change in the Ecor values in
the presence and absence of inhibitor in 1.0 M

HClsolution which suggest that it is mixed type
inhibitor [68, 69].
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concentrations of inhibitor are calculated from Icor

values by using following equation [83],

I i
IEp% =(1-=)x 100 ..cccoeiiiiiiiiieieeeeenns

corr9

Where, I,,,0 and I, .. are the corrosion current
density without and with different concentrations of

inhibitor, respectively.

The

efficiency that based on Icr value was found to be

maximum percentage corrosion inhibition
83.65% and the maximum reduction of corrosion
current density lcor value were found to be 0.84 pA
cm?for dodecylamine at 1000 ppm concentration. It
also confirms that the inhibitor is good corrosion

inhibitor in 1.0 M HCI solution.

According to Ferreira and others [70, 71], if the value
of displacement in corrosion potential -Ecorr is higher
than 85 mV with respect to blank solution, the
inhibitor can be seen as a anodic or cathodic type
corrosion inhibitor but if value of displacement in

corrosion potential -Ecor is lower than 85 mV with
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respect to corrosion potential of blank solution, the
inhibitor can be acts as mixed type inhibitor. In the
present study, the maximum displacement in
corrosion potential -Ecnvalues were found to be 57
mV for dodecylamine respectively, which are lower
than 85 mV this implies that corrosion inhibitor act as
mixed type of inhibitor and affects on both cathodic
and anodic reactions [72]. Hence, overall result shows
that there is formation of protective layers by

corrosion inhibitors on mild steel surface [73].

Surface Study,

Scanning Electron Microscopy (SEM) Technique,
Surface analysis is carried out before and after
immersion of mild steel samples with and without
1000 ppm concentrations of Dodecylamine corrosion
inhibitors in 1.0 M HCl solution at 298, 308 and 318
K for 24 hours, using SEM ( Scanning electron

microscopy) technique and are shown in Figure 7 (a,

b).

Figure 7 (a, b). SEM images of mild steel after 24 hrs
immersion in (a) Blank HCI solution (b) with 1000 ppm

concentration of dodecylamine.

The mild steel samples in 1.0 M HCI solution was
found to be corroded and sample damages were
observed in formation of large pits on to the mild
steel surface ( Fig. 7a).

It can be clearly seen from the SEM images of

inhibitor that when mild steel samples immersed in

the inhibited solution were found to be much better
condition with a smooth surface with respect to blank
solution ( Fig. 7b). This shows that the inhibitor
molecules reduce the dissolution process of MS by
forming surface adsorbed layer that prevents the
attack of acid on surface and thereby reducing the
corrosion rate. It also confirms that the inhibitors
effectively control the corrosion phenomenon by

blocking the active corrosion.
IV. CONCLUSION

The following conclusions are drawn by the obtained
result from different corrosion techniques used in the
investigation,

1. It is found that dodecylamine act as a good
corrosion inhibitor for the corrosion of mild
steel in 1.0 M HCl solution at different
temperature for different exposure time.

2. Weight loss measurement result shows that
percentage corrosion inhibition efficiency
increases with increase in concentrations of
inhibitor but decreases with increase in
temperature. The inhibition efficiency reaches
at maximum value i.e. 88.67% respectively, at
1000 ppm concentration for 24 hrs at 298K.

3. The Langmuir adsorption isotherm was
followed by dodecylamine.

4. Potentiodynamic polarization measurement
indicates that dodecylamine performed as a
mixed type corrosion inhibitor by decreasing
both the anodic metal dissolution and cathodic
hydrogen reduction reactions.

5. Electrochemical Impedance Spectroscopy data
depicted that on increase in concentration of
corrosion inhibitors in 1.0 M HCI solution there
was increase in charge transfer resistance and
decrease in double layer capacitance. Hence,
percentage corrosion inhibition efficiency
increases.

6. SEM (Scanning Electron Microscopy) images
indicates that at maximum concentration of the
inhibitor, there is formation of protective layer

of corrosion inhibitor on mild steel surface with
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respect to 1.0 M HCI solution in presence of

corrosion inhibitors.
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