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ABSTRACT

The corrosion of aluminium in 0.75 HCI containing ethylamine as an inhibitor has been studied by weight loss,
temperature effect and Open Circuit Potential (OCP) methods. Inhibitor concentration increases corrosion rate
decreases while Inhibition Efficiency (L.E.) of ethylamine increases at constant acid concentration. As
temperature increases, corrosion rate increases while L.E. decreases. The mode of inhibitor action followed by
Langmuir adsorption isotherm. The maximum LE. of 89.25 % was observed with 20 mM ethylamine in 0.75 M
HClL.Higher the inhibitor concentrations higher the half-life period and lower the corrosion rate. In presence of
inhibitor, the OCP values gradually increase with time towards the positive directions.
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I. INTRODUCTION

Corrosion, an irreversible interfacial reaction of a material (metal, ceramic, and polymer) on exposure to
aggressive environments, affects the performance efficiency of a material and also leads to reduction of its
service life [1,2].

One of the methods usually employed to combat corrosion is the application of corrosion inhibitors and most of
the well-known inhibitors are organic compounds. Most of the effective and efficient organic inhibitors are
those hetero atoms containing elements such as oxygen, nitrogen, sulphur, and phosphorus, in their structures,
which allow them to be adsorbed onto the metal surface [3,4]. Most inhibitors function by being adsorbed onto
the metal surface to interact with anodic and/or cathodic reaction sites and influence the oxidation and
reduction corrosion reaction, and prevent transportation of water and corrosion active species onto the metal
surface [5,6].

Aluminium metal and its alloys are extensively used in automotive, aviation and aerospace, ship building,
military hardware and household appliances. However, exposed of the metal to aggressive environments can
lead to substantial loss due to corrosion. Industrial acid cleaning, acid descaling and acid pickling are some of
the important fields of HCI applications. Various investigators [7-18] have studied ethylamine as corrosion
inhibitor in different acid media. Present investigation was carried out to study the effect of ethylamine as
corrosion inhibitor for Al in 0.75 M HCl solution by weight loss, temperature effect, rate constant and half-life as
well as OCP methods.

II. EXPERIMENTAL

Preparation of sample and solution

The Al specimens with a chemical composition of 99.54 % Al, 0.090 % Si, 0.320 % Fe, 0.0012 % Cu, 0.0034 %
Mn, 0.0014 % Mg, 0.0042 % Cr, 0.0046 % Ni, 0.0020 % Zn, 0.0079 % Ti, 0.0005 % Pb, and 0.0026 % Sn were
used in the present study. The metal sheet, test specimens of size 5.0 x 2.50 x 0.198cm having an effective area
of 0.2797 dm2were used. Aluminium specimen was cleaned by washing with distilled water, degreased by
acetone, dried and weighted by using electronic balance. HCl acid was used as corrosive solution having
concentration of 0.75 M prepared by diluting analytical grade of HCl purchased from Merck using double
distilled water.

Weight loss measurement
For weight-loss measurement, the Al coupons were completely immersed in 230 mL of 0.75 M acid
concentration in without and with of 5, 10, 15 and 20 mM concentrations of ethylamine for 24 h immersion
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period at 301+ 1 K. After cleaning, test specimens were washed with distilled and dried in air. From the weight
loss data, corrosion rate (C.R.) in mg/dm?2d was calculated using the following equation:

Weight loss (gm)x 1000
(metal surface area)dm2x day

C.R. (mg/dm2d) = (N

LE. calculated by following equation:
W, — W,
LE. (%) = {S—E———Jz}xjoo ()
Wy

Where, Wu is the weight loss of aluminium in uninhibited acid and Wi is the weight loss of aluminium in
inhibited acid.

The degree of surface coverage ‘©’ for different concentration of the ethylamine in acidic medium have been
evaluated from weight loss experiment using the equation:
9= Wuninh=Winh 3)
Wuninh
Temperature effect

To study the effect of temperature on corrosion rate, Aluminium specimen was totally immersed in 230 ml of
0.75 M HCl solution without and with different concentrations of Ethylamine at 313, 323 and 333 Kfor 2 h.

Open Circuit Potential (OCP) measurement

The corrosion behavior studies of metal are the measurements of OCP with time. For OCP measurement, Al
specimens having as area of 1.0 cm? were immersed to 230 mL of 0.75 M HCl with and without of 20 mM
inhibitor concentration. Potential was measured immediately after the immersion of metal specimens using
saturated calomel electrode (SCE) as a reference electrode as a function of time. The potential values were
continuously recorded after each interval of 5 minutes till the potential attained a steady state value (E s.s.).

III. RESULTS AND DISCUSSION

Weight loss experiments
Corrosion rate and LE. of ethylamine for Al in 0.75 M HCl was studied by weight loss method for an immersion
period of 24h at 301 * 1 K and results are shown in Table 1.
Table 1. Corrosion rate (log p), Inhibition efficiency (I.E.) and Surface coverage (8) of ethylamine on Al in 0.75
M HCl for an immersion period of 24h at 301 + 1 K.

Inhibitor
C.R. LE. Surf
Inhibitor Concentration (P) log p uriace c/e
(mg/dmz2d) (%) coverage (0)
(mM)
Blank - 2195.20 334 |- - -
5 464.78 2.66 | 78.82 0.7882 06.345
, 10 393.27 2.59 | 82.08 0.8208 12.195
Ethylamine
15 314.62 249 | 85.66 0.8566 17.523
20 235.96 2.37 | 89.25 0.8925 22421

Effect of inhibitor concentration

A constant acid concentration, as the inhibitor concentrations increases corrosion rate decreases (Figure 3.1)
while LE. increases (Figure 3.2). In 0.75 M HCI solution, the LE. was 78.82, 82.08, 85.66 and 89.25 %
corresponding to 5, 10, 15 and 20 mM inhibitor respectively (Table 1).
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Figure 3.1: Corrosion rate of Al in 0.75 M HCl solution in absence and presence of various concentration of
Ethylamine for an immersion period of 24 h.
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Figure 3.2: Inhibition efficiency (I.E.) of Al corrosion in 0.75 M HCl solution in presence of different
concentration Ethylamine for an immersion period of 24 h.

Temperature effect

To investigate the influence of temperature on corrosion of Al, the weight loss experiment was carried out at
313, 323 and 333K temperatures in 0.75 M HCI in without and with of ethylamine for an immersion period of
2h. Result in Table 3 shows that corrosion rate increases with increase in temperature. Corrosion rate was
21451.44, 26642.76 and 43417.92 mg/dm?d corresponding to 313, 323 and 333K respectively. This may be
due to the desorption of the adsorbed molecules inhibitor and/ or aggressive at higher temperature and thus
exposing the fresh metal surface to further attack [19], which results in intensification of the kinetic of
electrochemical reaction [20] and thus explains the higher corrosion rate at elevated temperature. The addition
of ethylamine in corrosive media indicates that as the temperature increases LE. of inhibitor decreases
(Table 2).
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Table 2. Temperature effect on corrosion rate (CR), Energy of activation (E.) and Heat of adsorption (Qads) for
Alin 0.75 M HCl in without and with of Ethylamine for an immersion period of 2 h.

Temperature Qads
- Mean
Inhibitor | 313K 323K 333K (E2) (kJ/ mol)
conc. CR LE. |CR LE. |[CR LE. |y 313- 323-
(s/L) mol) | 323 333
mg/dm2d | (%) mg/dm?2d | (%) mg/dm2d | (%) K K
Blank 2145144 | - 26642.76 | - 4341792 | - 3092 |- -
5 832320 | 61.19 | 10768.68 | 59.58 | 20207.28 | 53.45 | 3897 | -05.65 | -22.35
10 6993.12 67.40 | 9524.40 | 64.25 | 17075.40 | 60.67 | 39.09 | -11.77 | -13.66
15 5663.16 73.60 | 8409.00 | 68.43 | 15573.72 | 64.13 | 44.17 |-21.15 | -17.22
20 4504.80 79.00 | 7422.12 72.14 | 14286.72 | 67.09 | 50.27 | -31.41 | -21.39

Energy of activation (E.)

The value of ‘E;’ calculated using Arrhenius equation [21].

P2 _ _Ea (1 1
log p1 2.303R (T1 TZ) (4)

where, p1 and p2 are the corrosion rate at temperature T1 and T, respectively. Results given in Table 2, indicates
that the mean values of E; were higher in inhibited acid ranging from 38.97 to 50.27 k]/mol than E, value for
uninhibited acid (30.92 kJ/mol) which indicates physical adsorption of the inhibitor on metal surface [22].
The value of E, was also calculated from the slope of the Arrhenius plot of log p versus 1/T x 1000 (Figure 3.3)
which is also in good agreement with the calculated values.
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Figure 3.3: Arrhenius plots for Alin 0.75 M HCI in without and with of different
concentration of Ethylamine.

Heat of adsorption(Qads)
The values of ‘Q.das’ were calculated by using the following equation [23]:
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Qass = 2.303R [log (122-) —log (12)| [(22]

where, 61 and 6, are the fraction of the aluminium surface covered by the inhibitor at temperature T; and
Torespectively. It is evidence that in all cases, the value of Qaqs was negative and ranging from -05.65 to -31.41
kJ/mol. The negative value of Qa¢s shows that LE. decreases with rise in temperature supporting the

physisorption mechanism [24].

Adsorption isotherm

Basic information on the interaction between inhibitors and a metal surface can be provided using the
adsorption isotherm [25]. Due to adsorption, inhibitor molecules block the reaction sites and reduce corrosion
rate. The surface coverage ‘0’ value was calculated by using equation 3. A plot of inhibitor concentration Cinn
versus Cinn/6 was presented in Figure. 3.4 which gives straight line with slope values equal to unity indicates
that the system follows Langmuir adsorption isotherm [26].This isotherm can be represented as,

C 1
8= Koo +C (6)

where, Kags is the equilibrium constant and Cinn is the inhibitor concentration.

25
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Figure 3.4: Langmuir adsorption isotherm plot for Al in 0.75 M HCI containing Ethylamine as
inhibitor at 301 K.

Table 3. Thermodynamic parameters of Al in 0.75 M HCl in absence and presence of Ethylamine
as an inhibitor.

Inhibitor Free energy of adsorption (AG"ads) AH’ 445 AS®ads
. Concent-
Inhibitor .
ration 313K 323K | 333K | Mean 313K | 323K 313K | 323K
(/L)
Blank 00 - - - - 18.18 43.61 - -
5 19.04 53.60 0.083 0.188
10 23.36 49.52 0.097 0.176
Ethylami -07.14 | -07.36 | -07.60 | -07.36
yiamime s 30.62 | 5242 | 0120 |0.185
20 39.36 55.88 0.148 0.195
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Free energy of adsorption (AGads)

‘AG’ags’ was determined by the Langmuir isotherm was given by a plot of C/6 versus C (Figure 3.4). From the
intercepts of the straight line on the C/8 axis, Kags can be calculated which was related to AG®.4s as given by the
following equation [27]:

AGoads = -RT In (55.5 Kads) (7)

where, R is the gas constant, T is the concentration of water in solution in Molar [28]. Kags is the equilibrium
constant of the adsorption/desorption process. The mean AG’,4s value was negative (-07.36 kJ/mol) indicating
that the adsorption mechanism of ethylamine on Al in 0.75 M HCI at the studied temperatures is physisorption
with adsorptive layer having electrostatic character [29].These are concluded on the fact that the values of
AG’ags -20 KJ/mol are consistent with physisorption, while those around -40 kJ/mol or higher are associated
with chemisorptions [30].

Enthalpy of adsorption (AH’a4s)
AH’,4s was calculated using the equation (8):

AH’.s = E.-RT  (8)

A result indicates in Table 3 that values of AH’.4s were positive and ranging between 19.04 to 55.88 kJ/mol
indicates the endothermic nature of the reaction suggests that higher temperature favors the corrosion process
[31].

Entropy of adsorption (AS’aqs)
AS®¢s was calculated using the following equation (9):

ASoads = AHoads - AGoads /T (9)

Positive values of AS®.s ranging from 0.083 to 0.195 k]J/mol (Table 3) indicate that corrosion is entropically
favourable process [32].

Kinetic parameters: Rate constant (k) and Half-life (t1,2)
The rate constant ‘k’ was calculated using the following equation [33]:

k=1/t In(Wi/ Wy (10)

Where, ‘Wy’ is the initial weight of the sample, ‘WY is the final weight of the sample: ‘t’ is the immersion time
(in hours).

The values of half-life (t1,2) were calculated by using the following equation [34]:
t12=0.693 / k (1D
where, ‘t’ is time in hours and ‘K’ is rate constant.

As inhibitor concentration increases, rate constant ‘k’ decreases whereas the half-life values are increases [35].
Corrosion rate constant ‘K’ increases with increase in acid concentration (Table 4). A plot of Inhibitor
concentration against Half-life ‘t;,2" is shown in figure 3.5.
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Table 4. Kinetic data for the corrosion of Al in 0.75 M HCl in absence and presence of Ethylamine.

0.75 M HClI
Inhibitor Rat
o concentr are Half life
Inhibitor ation const. (ti2)
e |10 (gay)
& (day™) Y
Blank 0.0 99.48 07.00
0.6 20.29 34.15
. 0.8 17.05 40.64
Ethylamine
1.0 13.40 51.71
1.2 10.14 68.34
80
_ 60 -
s
< 40
=
<
=
20 -
Ethylamine
0
Blank 5 10 15 20
Inhibitor concentration (mM)

Figure 3.5: Plot of rate Half -life against inhibitor concentration containing Ethylamine Al in 0.75 M HCI
containing Ethylamine.

Open Circuit Potential (OCP) measurement

Values of OCP immersed (Eim) and steady state (Es.s) for Al in 0.75 M in HCl containing 20 mM ethylamine at
301 K. was shown in figure 3.6. It is noted that the initial potential (Eim) value for the corrosive solution
without inhibitor gradually decreases with time i.e. from -901 mV and stabilizes at -878mV (Es.s) after 40
min. of immersion time. Where as in presence of inhibitor the OCP values gradually increases
(less negative direction) compared to potential of uninhibited acid with time towards the positive
directions and stabilize at -725 mV (Es.s) after 40 min. of immersion suggesting polarization of local anodes.
The shift of OCP in the positive direction indicates the interference of this inhibitor with the anodic partial
process [36] blocking the anodic reaction sites of the metal respectively [37]. It is quite understand able that
change in potential with time depends on a number of factors like area of local anodes and cathodes, kinetics of
anodic and cathodic reactions, anions present, dissolved oxygen.
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Figure 3.6: Open Circuit Potential (OCP) values for Al in 0.75 M in HCI with time in absence and presence of
20 mM ethylamine.

Mechanism of corrosion inhibition by Ethylamine

The mechanism of inhibition of corrosion is believed to be due to the formation of a protective film on the metal
surface. The inhibitive action of ethylamine has been attributed to the strong adsorption on the metal surface
using the lone pair of electrons available on the hetero-atoms. Structure of ethylamine was shown in figure 3.7
as shown below:

H
| /
N
H H H

Figure 3.7: Structure of Ethylamine.
IV. CONCLUSION

1. At constant acid concentration, as the inhibitor concentration increases corrosion rate decreases while LE.
increases.
With increase in temperature, corrosion rate increases while L.E. decreases.
Ethylamine shows maximum LE. 0f89.25 %at20 mM concentration in 0.75 M HCL
Inhibition of Al in HCI by Ethylamine was found to obey Langmuir adsorption isotherm.
Higher the inhibitor concentrations higher the half-life period and lower the corrosion rate.
OCP value increase (less negative direction) compared to potential of uninhibited acid with time
towards the positive directions suggesting polarization of local anodes.
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