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Abstract: Inhibition efficiency of newly synthesized Schiff base of benzaldehyde were investigated based on the position
of functional group towards Aluminium in HCI using weight loss and electrochemical techniques —polarization and
electrochemical impedance spectroscopy (EIS). Inhibition efficiency of these inhibitors was found to depend on the
adsorption behaviour and molecular structure remarkably when the inhibitor concentration is low. Para substituted
molecule has shown high inhibition efficiency in general.
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I. INTRODUCTION

Corrosion is the deterioration of metal by chemical attack or reaction with its environment. Corrosion processes develop
fast after disruption of the protective barrier and are accompanied by a number of reactions that change the composition
and properties of both the metal surface and the local environment. The study of corrosion of metal and its alloys is a
matter of tremendous theoretical and practical concern and as such has received a considerable amount of interest [1].
Aluminium and its alloys are very good corrosion resistant materials in neutral aqueous solution, due to the formation of
passive film and are remarkable economic and attractive materials for engineering applications owing to its low cost,
light weight, high thermal and electrical conductivity [2]. It is well known that pitting corrosion occurs on metals covered
with passive films. The corrosion of metal is the result of two simultaneous reactions that are in electrical equilibrium, (i)
Oxidation of metal to metal ions, (ii) Reduction of hydrogen to hydrogen gas. Hydrochloric acid and sulphuric acid
solutions are used for pickling of aluminium for its chemical or electrochemical etching. It is very important to add
corrosion inhibitors to decrease the rate of metal dissolution in such solutions [3]. Inhibition of metal corrosion by
organic compounds is a result of adsorption of organic molecules or ions at the metal surface forming a protective layer.
This layer reduces or prevents corrosion of the metal. The action of such inhibitors depends on the specific interaction
between the functional groups and the metal surface.The extent of adsorption depends on the nature of the metal, the
metal surface condition, the mode of adsorption, the chemical structure of the inhibitor and the type of corrosion media [2,
4]. Thus, many studies concerning the inhibition of Al corrosion using organic substances are conducted in acidic and
basic solutions [3-9].

In the present work the corrosion of Al-Pure in hydrochloric acid, containing ortho- & pare-Anisidene-N-benzylidene has
been reported. Due to the presence of an imine >C = N- group and conjugated double bonds, these should function as
good inhibitors. The effect of inhibitor concentration, exposure period and temperature on the behavior of the Schiff base
has been investigated.
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1. EXPERIMENTAL

The Schiff’s base was synthesized from equimolar amount of benzaldehyde with respective amines o-Anisidine (0-Ans)
and p-Anisidine (p-Ans) through a condensation reaction in the methanol media as per described by Shah et al [10]. The
chemical structure of used Schiff’s base is characterized by IR (fig.1), which is shown below:
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Fig. 1 IR spectra [A]- 0-AnsNB and [B]-p-AnsNB

Rectangular specimens of Al-Pure, of size 6.0cm x 3.0 cm (thickness = 0.050 cm), with a small hole of ~ 2mm diameter
just near one end of the specimens were used for the determination of corrosion rate in weight loss method. The specimen

Copyright to IJIRSET

Www.ijirset.com 10423


http://www.ijirset.com/

@

I[JIRSET ISSN: 2319-8753

International Journal of Innovative Research in Science,
Engineering and Technology
(An ISO 3297: 2007 Certified Organization)
Vol. 3, Issue 3, March 2014

was polished to mirror finish using successively grade Oakey emery followed by jeweler’s rough. The specimens were
finally degreased with A.R. carbon tetrachloride (sulphur free).

For polarization and impedance measurements, metal coupons of circular design, diameter 2.802 cm with a handle length
of 3 cm x 0.5 cm with the thickness 0.087 cm with small hole of about 2 mm diameter just near the upper end of the
specimen were used. The handle and the back of the coupon and of the auxiliary platinum electrode were coated with
Perspex leaving only the circular portion of the specimen of apparent surface area 6.156 cm? exposed to the solution.

The corrosive solutions (1.0 M) were prepared by dilution of analytical grade 37% HCI (NICE) with double distilled
water. The concentration range of employed inhibitor was 0.0001% to 0.8 % in 1.0 M HCI. The used all chemicals for
preparation of Schiff’s base were AR grade (MERCK).

2.3 Measurements:

Three methods namely weight loss method, impedance spectroscopy and polarization study was used to determine the
corrosion inhibition efficiencies of 0-AnsNB and p-AnNB.

2.3.1 Weight loss method:

In weight loss method, the test specimens were immersed in 230 ml of 1.0 M hydrochloric acid solution without and with
various concentrations of inhibitors in the range 0.0001% to 0.8%. One specimen only, was suspended by a Pyrex glass
hook in each beaker containing 230 ml of the test solution which was open to the air at 35° + 0.5° C (unless otherwise
specified ) for different exposure period, to the same depth of about 1.5 cm below the surface of the solution. The
weight of the specimen before and after immersion was determined using mettler balance — M5 type. The accuracy of the
balance was 0.0001gm. Triplicate experiments were performed. After completing weight loss experiments the metal
coupon was washed with double distilled water, dried and weighed. Experiment (the loss in weight of specimen ) were
carried out at 0.05%,0.5% & 0.8% concentration of inhibitor at temperature ranging from 35° + 0.5° C to 65° + 0.5° C.

2.3.2 Electrochemical measurements

Electrochemical experiments were carried out using a standard electrochemical three electrode cell assembly, Al-Pure
was used as working electrode, platinum as counter electrode and saturated calomel electrode (SCE) as reference
electrode. The test solution was contained in H-type (80 ml in each limb) Pyrex glass cell with Luggin capillary as near to
the electrode surface as possible and porous partition to separate the two compartments.

(@) The potential was measured against a saturated calomel electrode (SCE), in polarization study. The
corrosion parameters such as corrosion potential (Eqr), corrosion current density (lcoy) and Tafel plots were measured by
polarization method. In this study, the current density was varied in the range of 2 x 10 to 3.25 x 10 A cm™.

(b) Electrochemical impedance measurements were carried out in the frequency range of 20 kHz — 0.1 Hz at
the open circuit potential (OCP), after 30 minutes of immersion by applying amplitude of 5 mV sine wave ac signal
( AUTOLAB). Double layer capacitance (Cq) and charge transfer resistance (R¢) values were calculated from Nyquist
plots as described by Hosseine [7]. EIS data were analyzed using frequency response analyzer (FRA) electrochemical
setup.

I1l. RESULTS AND DISCUSSION
3.1 Weight Loss
Corrosion of any metal results in the loss in weight of the metal; hence weight loss measurement is the standard method.
Weight loss measurement for both the inhibitors performed in absence and presence of different inhibitor concentration.

a) Effect of inhibitor concentration and adsorption isotherm

Weight loss results obtained for the Aluminium immersed in 1M HCI solution containing different concentrations of each
inhibitor. The corrosion rate, surface coverage and inhibition efficiency calculated from it are shown in (Table —I). The
results show that at the lower inhibitor concentration there is considerable difference in inhibition efficiency for 0-AnsNB
and p-AnsNB and inhibition efficiency of p-AnsNB is remarkably higher than 0-AnsNB, hence we can say that the
inhibition efficiency of these compounds depends on the position of —OCHj; group. But both the inhibitor reduced the
corrosion rate to a significant extent when inhibitor concentration is (0.001% w/v) or more and at the optimum inhibitor
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concentration they offered equal efficiency (99.78%) proves that both the inhibitors are excellent inhibitors. It can be

seen that inhibition efficiency increases with increase in inhibitor concentration which suggest that inhibition is a result of
adsorption of inhibitor on the metal surface. [11].

TABLE 1
WEIGHT LOSS DATA FOR ALUMINIUM IN 1M HCI AT 35 +0.5°C
- Inhibitor Weight loss Surface Coverage | |nhibition efficiency
Inhibitor concentration (m /dmz) (%)
(Wi %) g () 0
HCl only - 2312 - --
1x10™ 2138 0.0727 7.27
5x10* 1358 0.4118 41.18
1x10° 561 0.7574 75.74
0-AnsNB 5x10° 249 0.8923 89.23
5x107° 89 0.9615 96.15
5x107 8 0.9965 99.65
8x10* 5 0.9978 99.78
1x10™ \ 1314 \ 0.4317 | 43.17
5x10* 1018 0.5597 55.97
1x10° \ 224 \ 0.9031 \ 90.31
p-AnsNB 5x107 177 0.9234 92.34
5x107 \ 51 \ 0.9779 y 97.79
5x107 5 0.9978 99.78
8x10* \ 5 \ 0.9978 y 99.78
15 - o-AnsMNB 35 - p—ﬁﬂSNB
25 1
R = 0.961 55 |
—_ R== 0.964
< 15 ; g
= = 15
< 05 =
B el
~ 05 = 051
+
15 . . . . 05 . .
35 25 15 05 0.5 a5 45 05
log C*inhi (mole lit1) log ':*inhi (mole 1it1)

Fig. 2 Langmuir Adsorption isotherm at 35 + 0.5° C for Aluminium in 1M HCI solution

Adsorption isotherms are often shown to demonstrate the performance of organic adsorbent type inhibitors and important
in determining the mechanism of organic electrochemical reactions. The adsorption of inhibitor at the metal/solution
interface is the first step in the inhibition mechanism. There are three types of possibilities for adsorption that may take
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place in case of organic molecule: (i) electrostatic attraction between the charged metal and the charged
molecules(Physisorption) (ii) interaction of z- electrons with the metal (Chemisorption), (iii) interaction of uncharged
electrons’ pair in the molecule with the metal, and (iii) combination of (i), (ii) and (iii) [12]. The nature and description
of the isotherm was explained by using the values of surface coverage (). Amongst the most frequently used isotherms,
the Langmuir adsorption isotherm provides the best description of adsorption behaviour (Figure-2)

b) Effect of temperature on the performance of Schiff base inhibitor

To study the effect of temperature on the inhibition efficiency, weight loss measurements of Aluminium specimens were
carried out in absence and presence of 0.05%, 0-5% & 0.8% (w/v) concentration of inhibitors at temperature ranging
from 35°C + 0-5°C to 65°C + 0-5°C. Corrosion rate and (IE %) was calculated. Inhibition efficiencies were found to
decrease with increase in temperature. The decrease in inhibition efficiency with increasing temperature may be due to
desorption of some adsorbed molecule from the metal surface at higher temperatures. But at optimum concentration of
inhibitor, inhibition efficiency of both the inhibitor is good which can be associated with the combination of
physisorption and chemisorption for these molecules and it is observed that p-AnsNB offer higher inhibition than o-
AnsNB even at higher temperature may be due to the presence of —OCHs group in the Para position. Thermodynamic
parameters are listed in (Table-2).
TABLE 2

THERMODYNAMIC PARAMETERS FOR THE INVESTIGATED SCHIFF BASES

Inhibitor Inhibitor Concentration E.gs A(;g ds Qads
(Yowiv) (kJ mol™) (kJ mol ) (kJ mol™)
Hcl Only = = =
| 0.05 | 115.261 | -28.94 [ 161694 |
0-AnsNB 0.5 112.002 -32.37 -90.668
| 0.8 | 61268 |  -391 |  -44431 |
p-AnsNB \ 0.05 \ 132.3 \ -31.2 \ -171.62 |
0.5 49.97 -33.4 -23.85
\ 0.8 \ 43.27 \ -36.07 \ -17.84 |
0-AnsMNB p-AnsMB
----- 4 Blank ----—4 Blank
wod ] ® 5x102% w0l |- & 5x102%
& — | A 5x101 % & Ve—— | — A 5x101%
£ 30 R [ 0 8x101% S50 T | 0810 %
ch [atu]
E 20 E 20 -
= X
g 10 g 10 A %
0.0 00
200 300 310 320 330 200 300 310 320 330
T! % 104 T! x 10¢

Fig. 3 Arrhenius plots for Aluminium in 1M HCI [A] 0-AnsNB & [B] p-AnsNB

Thermodynamically, the negative AGggsvalue indicates the adsorption process is a spontaneous process, and inhibitor

form a stable adsorbed layer on the metal surface. In general it is known that physical adsorption, lead to less negative
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AGg4, value than -20 kd/mol. On the other hand chemical adsorption leads to more negative AGgas value than -40

kd/mol [13]. Thus, the AGgys values obtained in the present work suggest that the adsorption of both the inhibitor may
be initiated as physical adsorption and chemical adsorption accompanied the adsorption process leading to the good
inhibition efficiency at higher temperature with (0.8% wi/v) inhibitor concentration. In addition, slightly more negative
AG 45 values of p-AnsNB the interaction between p-AnsNB and metal surface is slightly stronger than those between o-
AnsNB and a metal surface. The negative value of Q.4 indicates that the adsorption of used inhibitor on the aluminium
surface is exothermic.

3.2 Electrochemical Impedance Spectroscopy

Rs Ca

Ry

Fig 4. The Equivalent Circuit Model used to fit the Experimental Results

The impedance spectra were analysed by fitting to the equivalent circuit model as shown in (figure 4). For the Al/acid
interface model, this circuit is generally used to describe EIS data. In this circuit Ry is solution resistance, RCt charge

transfer resistance and CPE is constant phase element. The CPE parameters were used to derive double layer capacitance
(Cq) values by use of the following equation.

Cq=_1 Here w is angular frequency.
a)'RCt
w = 21k s

Where, fra is the frequency at which the imaginary component (Zing) of the impedance has maximum value. The
inhibitor efficiency of the inhibitors from impedance data was computed by using the following equation:

% IE)= R, -R% X100
R

ct

Where, RY, and R, are charge transfer resistance for aluminium in 0.1M HCI in the absence and presence of inhibitors

respectively. The parameters deduced from the impedance technique are given in Table 3.
The impedance results obtained for pure Aluminium in 1M HCI, at frequency range of 20 KHz —0.1 Hz, in the presence

and absence of inhibitors are presented as Nyquist plots in (figure 5[A] and 5[B]) respectively. As shown in the Figure 5,
Nyquist plots obtained with increase in inhibitor concentration are in the form of a depressed semicircle with increase in
diameter.

A single semicircle has been obtained over the frequency range studied, shifted along the real impedance axis (Zyea),
which can be attributed to charge transfer of the corrosion process. This indicates that with increasing amount of inhibitor,

the inhibitor formed more densely packed monolayer.
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TABLE 3
IMPEDANCE PARAMETERS
Inhibitor Inhibitor Rs Ret Ca (%) IE
CO“C‘(?;:; aton  Ghm)  (ohm)  (uF) EIS  Wtloss
Blank - 1.256 3.46 1131 - -
5x10™* 1.581 6.63 112.6 47.81 41.18
1x1073 1.562 11.30 109.3 69.38 75.74
ATSNE 5x10° 1.605 326 91.4 89.39 89.23
1x1072 1.608 42.4 87.4 91.84 90.40
5x10™" 1.678 70.6 65.82 95.1 99.65
8x107 1.527 78.6 48.97 95.6 99.78
5x10™* 1.409 8.12 112.2 57.39 55.97
1x1073 1.440 32.4 104.1 89.32 90.31
p-AnsNB 5x10° 1.274 56.0 95.21 93.82 92.34
1x1072 1.247 64.8 92.76 94.66 95.59
5x10™" 1.432 73.1 75.99 95.27 99.78
8x10" 1.430 78.8 51.54 95.61 99.78

The observed deviations from perfect semicircles are often referred to the frequency dispersion of interfacial impedance.

This anomalous phenomenon is interpreted as reflecting inhomogeneity of electrode surfaces arising from surface

roughness or interfacial origin such as those found in adsorption processes.

Copyright to IJIRSET

Www.ijirset.com

o-AnsNB * Blank
%0 ’ phobgd 4 x  5x10™
1 "'[] : = A

= ou ¢ ¢ ¢ 0 o 0 a o 1x10°3
E ] ¢ ‘)0 DD H'q;. -3
2 0] Vv % : {',g vy 5x10
A" -2
o o § i ¢ 1x10
o 00 A 1
o A 4 O 5x10
- % 2 | s @ s e | 70 & L 8x10"

z'/ohm

5[A]

10428


http://www.ijirset.com/

ISSN: 2319-8753

International Journal of Innovative Research in Science,
Engineering and Technology
(An ISO 3297: 2007 Certified Organization)
Vol. 3, Issue 3, March 2014

p-AnsNB ®, Blank
404 g ¥ 1 . o 5X10-4
- $ . En g ‘0 1 _
30 " t r‘., C,’ 0’ : L ] 4 P A : D 1)(103
g J;Q, 0 u ; o o " 0 ¢ ' 3
:E 10+ tu . 8 O ® 0, .'1’0 0 510
Yl } 3 o \ o 1x10?
: o i 0 0" o 4 -1
104 ¥ 5x10
" 0 G 3 L] . 47
-20 . , . . v ' y 1071
] 10 20 o nm 50 60 0 80 Q 8x10

5[B]

Fig. 5 Nyquist plots of Aluminium in 1M HCI solutions in the presence and the absence of inhibitors
[A] 0-AnsNB & [B] p-AnsNB

3.3 Polarization Studies

The polarization curves obtained for Aluminium in 1M HCI without and with different concentration of inhibitor are
shown in the Figure 6 and Various parameters such as corrosion potential (E.y), corrosion current density (leorr),
cathodic Tafel slop (bc), anodic Tafel slop (ba) and percentage inhibition efficiency (IE%) obtained from the

measurement are given in Table 4.

TABLE 4

Electrochemical parameters of corrosion of Aluminium obtained from polarization method.

%) (MV)  (mVidec)  (mVidec) %Aatz(rﬂ)c (IE)
Blank - -814 0.123 0.137 3.715x 10° -

5x10™ -818 167 098 1.59x 10°  57.34

1x10°® -818 0.147 0.114 6.61x 10 ~ 82.22

S ANSNE 5x10° -819 0.151 0.103 347x10*  90.67
1x10° -828 0.145 0.106 282x10% 9241

5x10" -836 0.171 0091  0.724x10*  98.05

8x10™" -842 0.177 0.098 0.661 x 10*  98.22

5x10° -820 0.167 0129  1585x10%  57.34

1x10° -823 0.158 0.130 759 x10*  79.58

p-AnsNB 5x10° -828 0.165 0.150 7.08x10*  80.95
1x10” -838 0.179 0.131 6.46x 10"  82.62

5x10™ -854 0.155 0.120 3.236x10°  99.13

8x10™ -856 0.147 0116  2951x10°  99.21

Copyright to IJIRSET

Www.ijirset.com

10429


http://www.ijirset.com/

IJIRSET ISSN: 2319-8753

International Journal of Innovative Research in Science,
Engineering and Technology
(An ISO 3297: 2007 Certified Organization)
Vol. 3, Issue 3, March 2014

0-AnsNB p-AnsNB
#- -1.0MHCI(Blank) #- -1.0MHCI{Blank)
00 1 K (1x10-4%)- 00 1 K (1x10-4%)-
€—(5%10-4%)- €—(5x10-4%)-
051 ¥ (1210-3%)-" o051 B (1x10-3%)-"
*——(5x10-3%)- *—(6x10-3%)-
ol *----(5x10-2%)- 1ol - (5x10-2%)-
A——(5x10-1%)- ) A——(5x10-1%)-
2 O——(8x10-1%)- 2 0——(8x10-1%)-
w 1571 @ 1571
= 4 c
g 2
= 20 ¢t - 20
< c
= @
E E
S o251 S5 251
3 25 o 25
=] =2
£ 30} 2 50}
35 % 35 f
40} 40}
45 + + + + + + + + 45 + + + + + + + + +
-1500 -1400 -1300 -1200 -1100 -1000 -900 800 -700 -1600 -1500 -1400 -1300 -1200 -1100 -1000 900 800 -700
Potentialin mV Potential in mv
6[A] 6[B]

Fig. 6: Cathodic and Anodic polarization graphs for Aluminium in absence and presence of

(A) 0-AnsNB and (B) p-AnsNB respectively
The results show that in presence of inhibitor, value of E,, shifted towards more negative direction and the value of I,
decreases with increase in inhibitor concentration. The decrease in I, Suggests decrease in electrochemical corrosion
reaction and may be attributed to the formation of barrier layer over the aluminium surface by the inhibitor molecule.
Though the value of E, shifted towards more negative but not significantly, which show that the addition of studied
Schiff base affected both anodic and cathodic reaction, hence the Schiff base 0-AnsNB and p-AnsNB are mixed type
inhibitor.

IV CONCLUSION

1. The inhibition efficiency of Schiff base mainly attributed to >C=N group, and the presence of —-OCHj; group in a
molecule increases electron density on the nitrogen atom of the >C=N group. This leads to the strong adsorption of such
molecule on the metal surface thereby resulting in high inhibition efficiency.
2. The results also suggests that the chemisorption and physisorption have simultaneous effect on the inhibition
efficiency of the studied Schiff Base
3. Amongst the two inhibitors studied, p-AnsNB has found to be the best inhibitor.

ACKNOWLEDGMENT
The authors are grateful to the Chemistry Department, School of Sciences, Gujarat University, Gujarat, for laboratory

facilities and also to the promoter of the journal.

Copyright to IJIRSET Www.ijirset.com 10430


http://www.ijirset.com/

T ISSN: 2319-8753

International Journal of Innovative Research in Science,
Engineering and Technology
(An ISO 3297: 2007 Certified Organization)
Vol. 3, Issue 3, March 2014

REFERENCES

[1]. B. E. Amitha Rani and Bharathi Bai J. Basu, ‘Green Inhibitors for Corrosion Protection of Metals and Alloys: Overview’, International
Journal of Corrosion, Vol. 2012, pp1-15, 2012.
[2] A. Y. El-Atre, ‘Inhibition of acid corrosion of aluminium using vanillium’, Corrosion Science Vol. 43, pp 1031-1039, 2009.

[3] A.K. Maaytee, N.A.F. Al- Rawashdeh, ‘Inhibition of acidic corrosion of pure aluminum by some organic compounds’, Corrosion Science,
Vol. 46, pp. 1129-1140 , 2004.

[4] E.e. Ebenso, P.C. Okafor, U.J. Ekpe, Studies on the inhibition of aluminium corrosion by 2-acetylphenothiazine in chloroacetic acids,
Anti-Corrosion Methods and Materials, Vol. 50(6), 414- 421, 2003.

[5] A.S. Fouda, M.N. Moussa, F.I. Taha, A.l. Elneanaa, Corrosion Science, Vol. 26, pp. 719, 1986.

[6] Ishtiaque Ahamad, M.A. Quraishi , ‘Bis (benzimidazol-2-yl) disulphide: An efficient water soluble inhibitor for corrosion of mild steel in acid
media’,Corrosion Science, Vol. 51, pp.2006-2013, 2009.

[7] Hosseine, M.G., Mertens, S.F.L., Gorbani, M., Arshadi, M.R., ‘Asymmetrical Schiff bases as inhibitors of mild steel corrosion in sulphuric acid

media’, Mater. Chem. Phys. Vol. 78, pp. 80, 2003.

[8] D. Gopi, K. M. Govindaraju, L. Kavitha, ‘Investigation of triazole derived Schiff bases as corrosion inhibitors for mild steel in hydrochloric
acid medium’, J.Appl. electr Vol. 40, pp. 1349-1356, .2010.

[9] A S PATEL, V A PANCHAL and N K SHAH, ‘Electrochemical impedance study on the corrosion of Al-Pure in hydrochloric acid solution
using Schiff bases’,Bull. Mater. Sci., Vol. 35(2), pp. 283-290 , 2012.

[10] Agrawal Y.K., Talati J.D., Shah M.D., Desai M.N., Shah N. K., Corrosion Science, Vol. 46, pp.633, 2004.

[11] K. Stanly Jacob , Geetha Parameswaran , Corrosion Science, Vol. 52, pp. 224-228, 2010.

[12] 1.B. Obot, N.O. Obi-Egbedi, ‘Fluconazole as an inhibitor for aluminium corrosion in 0.1M HCI” Colloids and Surfaces A: Physicochem.
Eng. Aspects, Vol. 330, pp.207-212, 2008.

[13] Seung-Hyun Yoo, Young-Wun Kim, Keunwoo Chung, Nam-Kyun Kim, and Joon-Seop Kim, ‘Corrosion Inhibition Properties of Triazine
Derivatives Containing Carboxylic Acid and Amine Groups in 1.0 M HCI Solution’, I&EC Research Vol. 52, 10880-10889,2013

Copyright to IJIRSET Www.ijirset.com 10431


http://www.ijirset.com/

