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CHAPTER 5
CORROSION INHIBITION STUDIES OF SCHIFF BASES
IN 0.5 M H,SO, MEDIUM

Corrosion inhibition efficiency of the Schiff bases 2,2’-(5,5-dimethyl
cyclohexane-1,3-diylidene)bis(azanylylidene))diphenol (DMCHDP), N,N’-(5,5-
dimethylcyclohexane-1,3-diylidene)dianiline  (DMCHDA), 2,2’-(5,5-dimethylcyclo
hexane-1,3-diylidene)bis(hydrazinecarboxamide) (DMCHHC), 2-((2hydroxy
benzylidene)amino)phenol (2HBAP), 2-(cyclohexylideneamino)phenol (2CHAP) on
mild steel were also conducted 0.5 M H,SO,. 0.2-1.0 mM concentration of Schiff bases
was used for the study. Gravimetric (weight loss) and electrochemical studies such as
electrochemical impedance spectroscopy, potentiodynamic polarization studies and
electrochemical noise measurements were employed for monitoring corrosion inhibition
efficiency. Adsorption isotherm, impact of temperature and surface morphology were
also evaluated in this chapter.

Weight loss studies

The weight loss of the MS specimen at 24 h interval in 0.5 M H,SO, in the
absence and presence of Schiff bases (DMCHDP, DMCHDA, DMCHHC, 2HBAP and
2CHAP) at different concentrations were determined. Corrosion rate and inhibition
efficiency were calculated, which is depicted in Table 5.1 and 5.2 respectively.

On close examination of the results, it is found that the rate of corrosion of MS
specimen immersed in 0.5 M H,SO,4 was higher (35.20 mmy™) than that immersed in
acid solution containing Schiff base molecules. Also the corrosion rate was found to be
decreased with concentration of Schiff base molecules. Comparison of corrosion rate of
mild steel at different concentrations of the Schiff bases DMCHDP, DMCHDA,

DMCHHC, 2HBAP and 2CHAP in 0.5 M H,SO,4 are shown in Fig. 5.1. Corrosion
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inhibition efficiency of the Schiff bases increased with rise in concentration of Schiff
base molecules. Inhibition efficiency of the Schiff bases except 2HBAP was lower in
0.5 M H,SO,4 compared to the inhibition efficiency in 1.0 M HCI at all concentrations.
This may be attributed to the aggressive nature of 0.5 M H,SO,.

Table 5.1 Rate of corrosion of MS in mmy™ with and without Schiff
bases DMCHDP, DMCHDA, DMCHHC, 2HBAP and 2CHAP in

0.5 M H,SO,4

Conc Schiff base

(mM) DMCHDP DMCHDA DMCHHC 2HBAP 2CHAP
0.0 35.20 35.20 35.20 35.20 35.20
0.2 19.80 24.16 28.77 22.66 26.82
0.4 7.87 10.33 26.55 22.48 18.82
0.6 7.49 6.81 20.04 21.88 18.15
0.8 2.97 4.39 18.29 17.06 11.66
1.0 2.65 4.40 16.96 15.66 9.77

Table 5.2 Corrosion inhibition efficiency (n,%) of Schiff bases
DMCHDP, DMCHDA, DMCHHC, 2HBAP and 2CHAP on MS
specimen in 0.5 M H,SO,

Schiff base

Conc
(mM) DMCHDP DMCHDA DMCHHC 2HBAP 2CHAP

0.2 43.73 31.36 18.25 35.61 23.79
0.4 77.63 70.62 24.55 36.13 46.50
0.6 78.70 80.64 43.05 37.81 48.41
0.8 91.54 87.50 48.03 51.52 66.85
1.0 92.46 87.52 51.81 55.49 72.23

Corrosion inhibition efficiency of DMCHDP and DMCHDA were higher
compared to other three Schiff bases. This may be due to the presence of azomethine
groups, aromatic rings and hetero atoms. The maximal values of corrosion inhibition
efficiency on the MS surface by 1 mM concentration of DMCHDP and DMCHDA were
found to be 92.46% and 87.52% respectively. Comparison of corrosion inhibition
efficiency of the Schiff bases DMCHDP, DMCHDA, DMCHHC, 2HBAP and 2CHAP

on MS in 0.5 M H,SO, were shown in Fig. 5.2.
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Fig. 5.1 Comparison of corrosion rate of mild steel at different
concentrations of the Schiff bases DMCHDP, DMCHDA, DMCHHC,

2HBAP and 2CHAP in 0.5 M H,SO4
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Fig. 5.2 Comparison of corrosion inhibition efficiency (n,%) of the
Schiff bases DMCHDP, DMCHDA, DMCHHC, 2HBAP and

2CHAP on MS in 0.5 M H,SO4

Comparison between n,% of Schiff bases with its parent compounds

In order to correlate the corrosion inhibition efficiency of Schiff bases with

parent compounds such as salicylaldehyde (SAY), 5,5-dimethyl-1,3-cyclohexanedione

(DM), cyclohexanone (CH), 2-aminophenol (2AP), aniline (AN) and semicarbazide (SZ),

weight loss measurements of mild steel specimens were conducted in 0.5 M H,SO,4 and

the efficiencies are given in Table 5.3. Corrosion inhibition efficiency of Schiff bases was

higher than the parent compounds. It is due to the involvement of >C=N- group present

in the Schiff base molecule during adsorption phenomena. Comparison of corrosion
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inhibition efficiencies of Schiff bases and their parent compounds on MS in 0.5 M H,SO,
are shown in Fig. 5.3.
Table 5.3 Corrosion inhibition efficiency of

Schiff bases and their parent compounds on
MS in 0.5 M H,SO,

Compounds Conc (mM)
0.2 0.6 1.0
DM 29.50 38.68 56.23
2AP 21.14  25.22 29.86
AN 28.26  29.70 43.04
Sz -9.42 -8.32 -5.39
SAY 6.10 10.41 20.66
CH 0.83 1.57 6.57

DMCHDP  43.73 78.70 92.46
DMCHDA 3136  80.64 87.50
DMCHHC 1825  43.05 51.81
2HBAP 3561 37.81 55.49
2CHAP 23.79 18.15 9.77
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Fig. 5.3 Comparison of corrosion inhibition efficiency (n,%) of Schiff
bases and their parent compounds on MS in 0.5 M H,SO,

Adsorption studies
Mechanism of the inhibition of corrosion of MS in 0.5 M H,SO, can be
elucidated with the help of adsorption isotherms. Langmuir, Temkin, EI-Awady, Florry-

huggin, Freundlich and Frumkin adsorption isotherms were considered, and the best
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suited isotherm was determined by calculating the correlation coefficient (R?).
Correlation coefficients obtained for the Schiff bases in various isotherms are given in
Table 5.4. Thermodynamic parameters obtained from the study are free energy of
adsorption (AG".4) and adsorption equilibrium constant (Kags). From the results it is clear
that Langmiur isotherm was obeyed by the Schiff bases DMCHDP and 2CHAP whereas
El-Awady isotherm was obeyed by DMCHDA. None of the isotherms considered to
study the mechanism of inhibition was obeyed by DMCHHC and 2HBAP.
Thermodynamic parameters obtained from the analysis of isotherms are given in
Table 5.5 and the adsorption isotherms of Schiff base molecule on MS surface in 0.5 M
H,SO4 medium are described in Fig. 5.4.

Table 5.4 Correlation coefficients of the Schiff bases derived from various
isotherms

Correlation coefficient (R?)

DMCHDP DMCHDA DMCHHC 2HBAP 2CHAP
Langmiur 0.9728 0.8592 0.3781 0.8464 0.9997
Freunlich 0.7949 0.7556 0.5881 0.8008 0.6217
Frumkin 0.8801 0.8449 0.2995 0.6101 0.9136

Temkin 0.9233 0.9189 0.5882 0.6441 0.8163
El-Awady 0.9485 0.9606 0.6046 0.6454 0.8986
Florry Huggin 0.8345 0.5999 0.0073 0.3808 0.8812

Isotherm

Table 5.5 Thermodynamic parameters for the adsorption of
DMCHDP, DMCHDA, DMCHHC, 2HBAP and 2CHAP on MS

in0.5M HzSO4
Schiff base
Parameter DMCHDP DMCHDA 2CHAP
Correlation coefficient 0.9728 0.9606 0.9997
Kads 3333.33 1613968.88 33333.33
AGgs (kdmol™) -30.37 -45.84 -36.13

Negative values of AG%gs in all case indicate spontaneity of the process. The
value of AG%gs for DMCHDP and 2CHAP were -30.37 and -36.13 kJmol™ respectively.

This indicates that the adsorption behaviour of these molecules involves both
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physisorption and chemisorption. In the case of DMCHDA AG%g value was
-45.84kJmol™, which indicates the presence of co-ordinate type bond between

DMCHDA and metal surface (chemical interaction).
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Fig. 5.4 a) Langmuir adsorption isotherm of DMCHDP b) El-Awady

adsorption isotherm of DMCHDA and c¢) Langmuir adsorption isotherm of

2CHAP on MS in 0.5 M H,SO, at 28°C
Temparature studies

Impact of temperature on the rate of corrosion was investigated using weight loss
studies at temperatures 301 K, 313 K, 323 K and 333 K. The activation energy of metal
dissolution was calculated using an Arrhenius type equation given below
K = Aexp(—E,/RT) (D

where A, K, R, T and E, denote pre-exponential factor, corrosion rate, universal gas

constant, temperature in Kelvin and activation energy respectively. Activation energy

required for the dissolution of metal was obtained from the slope of the plot log K vs 1/T
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for MS specimens in acid media, with and without Schiff base molecules (Fig. 5.5-5.9a).
Thermodynamic parameters such as enthalpy (AH') and entropy (AS’) changes were

evaluated using transition state theory (equation 2)

K=(50) exp ()exp (o) (2)

Where h and N are Planck’s constant and Avogadro number respectively. The slope,

—AH* . R AS* ) . .
+
5 303R and intercept, log (2.303Nh) (2.303R were obtained by plotting log K/T vs

1/T (Fig. 5.5-5.9b). Table 5.6 represents the activation energy and thermodynamic
parameters such as entropy of activation (AS") and enthalpy of activation (AH). It was
observed that the activation energy of metal dissolution was high in the case of acid
solution containing Schiff base molecules. Also, it was found that E, increased with
concentration of Schiff base, which implies that dissolution of the metal was reduced
with respect to the rise in Schiff base concentration. Activation energy of corrosion in
0.5 M H,SO; is less compared to that in 1.0 M HCI. This indicates that the corrosion is
more pronounced in 0.5 M H,SO, due to its high aggressive nature, Positive sign of the
enthalpy of activation indicates the endothermic nature of metal dissolution. AH" and AS”

values were found to increase along with rise in concentration of Schiff bases.

2.5

2.9 3 31 32 33 34
1000/T

2.9 3 31 32 33 34
1000/T

Fig. 5.5 Plot of a) log K vs 1000/T b) log K/T vs 1000/T with and without
DMCHDP on MS in 0.5 M H,SO4
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Fig. 5.6 Plot of a) log K vs 1000/T b) log K/T vs 1000/T with and without
DMCHDA on MS in 0.5 M H,SO4
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Fig. 5.7 Plot of a) log K vs 1000/T b) log K/T vs 1000/T with and without

DMCHHC on MS in 0.5 M H,SO4
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1000/T

Fig. 5.8 Plot of a) log K vs 1000/T b) log K/T vs 1000/ with and without

2HBAP on MS in 0.5 M H,SO,
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Log KIT

1000/T 1000/T

Fig. 5.9 Plot of a) log K vs 1000/T b) log K/T vs 1000/T with and without
2CHAP on MS in 0.5 M H,SO,
Table 5.6 Thermodynamic parameters of corrosion of MS with and without Schiff
bases in 0.5 M H,SO,

Schiff Conc E. A AH™ AS
base (mM) (kJ mol™) (kimol™y (I mol'K?)
Blank 33.1 2.08x10’ 30.5 -106.71
0.2 50.24 9.31x10° 47.60 -55.97
DMCHDP 0.4 79.40  3.73x10" 76.76 32.15
0.6 79.43 3.58x10™ 76.79 31.81
0.8 99.57 4.09x10"' 96.93 90.36
1.0 100.93  7.21x10" 98.29 95.07
0.2 46.10 2.46x10° 43.46 -67.03
0.4 69.12 1.04x10% 66.48 2.38
DMCHDA g6 79.66  475x10%  77.02 34.16
0.8 96.33 1.96x10" 93.69 84.25
1.0 96.58 2.18x10"' 93.94 85.13
0.2 42.23 6.38x10° 39.59 -78.26
0.4 44.90 1.67x10° 42.26 -70.29
DMCHHC g 5181  2.04x10°  49.17 -49.44
0.8 52.43 2.43x10" 49.79 -48.01
1.0 52.92 2.39x10" 50.28 -48.15
0.2 54.99 8.09x10" 52.39 -37.86
0.4 55.21 8.69x10" 52.61 -37.27
2HBAP 0.6 5522  8.83x10° 52,62 -37.14
0.8 62.13 1.07x10" 59.53 -16.42
1.0 63.05 1.43x10% 60.45 -14.02
0.2 46.77 2.96x10° 44.13 -65.50
0.4 57.67 1.26x10M 55.03 -34.28
2CHAP 0.6 6245  6.14x10% 5981 21.14
0.8 70.22 8.36x10" 67.58 0.56
1.0 74.59 3.57x10" 71.95 12.64
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Electrochemical impedance spectroscopy

Ivium compactstat-e electrochemical system associated with a new version of
iviumsoft software was utilized for the electrochemical measurements. A three electrode
system, consisting of platinum electrode having 1 cm? area as counter electrode,
saturated calomel electrode (SCE) as the reference electrode, metal specimen with an
exposed area of 1cm?as working electrode, were used for the studies. Impedance spectra
(Nyquist and Bode plots) of MS in the absence and presence of Schiff bases at various

concentrations in 0.5 M H,SO, are shown in Fig. 5.10, 5.11, 5.12, 5.13 and 5.14.
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Fig. 5.10 a) Nyquist and b) Bode plots of MS coupons with and without
DMCHDP in 0.5 M H,SO,
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Fig. 5.11 a) Nyquist and b) Bode plots of MS coupons with and
without DMCHDA in 0.5 M H,SO,
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Fig. 5.12 a) Nyquist and b) Bode plots of MS coupons with and
without DMCHHC in 0.5 M H,SO4
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Fig. 5.13 a) Nyquist and b) Bode plots of MS coupons with and
without 2HBAP in 0.5 M H,SO4
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Fig. 5.14 a) Nyquist and b) Bode plots of MS coupons with and
without 2CHAP in 0.5 M H,SO4
Electrochemical impedance data such as Ry, Cq and the percentage of inhibition

efficiency (ngs%) of the Schiff bases are listed in Table 5.7. From the data it is

established that charge transfer resistance of the blank solution (7.96 Qcm?) is less than
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that of the solution containing Schiff base molecule. Also charge transfer resistance (Rc)
was found to increase and capacitance (Cq) was reduced with increase in concentration
of Schiff bases. As a result corrosion inhibition efficiency (ngis%) was also increased
with concentration.

Table 5.7 Impedance data of MS coupons with and
without Schiff bases in 0.5 M H,SO,

) Conc Cul Ret o
Schiff base (MM)  (UFem?)  (Qem?) Neis%
Blank 0.0 113 7.9 -

0.2 72.8 13.1  39.23
0.4 66.5 146  45.48
DMCHDP 0.6 67.7 149  46.57
0.8 53.2 175 5451
1.0 83.9 19.3 58.76

0.2 72.6 9.10 1253
0.4 66.6 128 37.81
DMCHDA 0.6 71.6 143  44.33
0.8 62.3 147 45.85
1.0 54.6 16.7 52.33

0.2 72.0 9.86 19.26

0.4 85.7 991 19.68

DMCHHC 0.6 71.4 111 28.28
0.8 72.0 112  28.93

1.0 60.4 146  45.48

0.2 945 8.88  10.36

0.4 86.1 10.2 21.96

2HBAP 0.6 80.9 103 2271
0.8 83.1 105 24.19

1.0 87.3 108  26.29

0.2 72.8 109  26.97
0.4 49.4 19.1  58.32
2CHAP 0.6 33.2 48.8  83.69
0.8 27.1 70.2  88.66
1.0 23.2 771  89.67

Maximum inhibition efficiencies of about 58.76%, 52.33%, 45.48%, 26.29% and
89.67% were exhibited by the Schiff bases DMCHDP, DMCHDA, DMCHHC, 2HBAP
and 2CHAP respectively at 1 mM concentration. Inhibition efficiency of all the Schiff
bases is lower compared to the EIS measurements in 1.0 M HCI medium. Minimum

efficiency of about 26.97% was exhibited by 2CHAP at 0.2 mM concentration while at
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1.0 mM concentration, maximum efficienty of 89.67% was achieved. According to
gravimetric analysis DMCHDP and DMCHDA have appreciable corrosion inhibition
efficiency. In contrary to this observation, the inhibition efficiency is low at all
concentrations according to EIS measurements. Comparison of corrosion inhibition

efficiency (ngis%) of the Schiff bases on MS in 0.5 M H,SO,4was shown in Fig. 5.15.
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Fig. 5.15 Comparison of corrosion inhibition efficiency (ngis%) of
the Schiff bases on MS in 0.5 M H,SO4

Potentiodynamic polarization studies

Tafel and linear polarization studies were carried out to understand the effect of
Schiff bases towards polarization of metal specimens. Polarization parameters such as
corrosion current density (lcorr) and polarization resistance (Rp) were measured using this
technique and then inhibition efficiency (npa% and mrp%) was calculated using these
parameters. Tafel and linear polarization plots of the Schiff bases are shown in Fig. 5.16,
5.17, 5.18, 5.19 and 5.20. Polarization data such as corrosion potential (Ecor), COrrosion
current densities (lcorr), cathodic slope (bc), anodic slope (b,), polarization resistance (Rp)
and inhibition efficiency (nyn% and nry%) of the Schiff bases in 0.5 M H,SO, are listed

in Table 5.8.
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Fig. 5.16 a) Tafel and b) linear polarization plots of MS coupons with
and without DMCHDP in 0.5 M H,SO,
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Fig. 5.17 a) Tafel and b) linear polarization plots of MS coupons with
and without DMCHDA in 0.5 M H,SO,
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Fig. 5.18 a) Tafel and b) linear polarization plots of MS coupons with
and without DMCHHC in 0.5 M H,SO4
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Fig. 5.19 a) Tafel and b) linear polarization plots of MS coupons
with and without 2HBAP in 0.5 M H,SO,
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Fig. 5.20 a) Tafel and b) linear polarization plots of MS coupons
with and without 2CHAP in 0.5 M H,SO4
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Polarization data reveals that corrosion current density increased and polarization

resistance decreased with the rise in concentration of Schiff bases. As a result, the
percentage of inhibition efficiency also increased. A maximum inhibition efficiency
(Mpa1%) of 50.79%, 44.33%, 28.4%, 24.32% and 81.41% were shown by DMCHDP,
DMCHDA, DMCHHC, 2HBAP and 2CHAP respectively at 1 mM concentration. The b,
and b values indicated that addition of Schiff bases to acid media affected both cathodic
and anodic parts of the curves and hence acted as a mixed type inhibitor. Comparison of
corrosion inhibition efficiency (ny0%) of the Schiff bases on MS in 0.5 M H,SO, were
shown in Fig. 5.21. Impedance and polarization data are in good agreement. Considerable

difference was noticed between the corrosion inhibition efficiency of DMCHDP and
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DMCHDA in gravimetric and electrochemical studies (EIS and potentiodynamic
polarization) in 0.5 M H,SO,4 medium.

Table 5.8 Polarization data of MS coupons with and without Schiff bases in 0.5 M
H,SO,

Tafel data Polarization data
Schiff

base Conc  Ecor leorr b, -b, Mpol%0 Ry Nrp%0

(mM)  (mV) (uAem®)  (mV/dec) (mV/dec) (Q)
Blank 0 -374.3 2528 241 242 - 20.74 -
0.2 -500.5 2282 253 243 9.73 2361 12.16
04 -496.3 2058 257 251 1847 2559  18.95
DMCHDP 0.6 -5145 1957 244 219 2259 26.76  22.49
0.8 -538.3 1563 185 222 38.17 28.04 26.03
1 -539.9 1244 185 205 50.79 3391 38.83
0.2 -559.7 2329 250 236 7.87 22.63 8.35
0.4 -556.3 1832 224 213 2753 25.87 19.83
DMCHDA 0.6 -547.2 1735 220 226 31.37 2793 25.74
0.8 -539.1 1557 206 224 38.41 299 30.64
1 -543.1 1408 210 212 4433 3252 36.22
0.2 -556.1 2348 244 243 712 2254 7.98
04 -557.1 2145 240 229 1515 2352 11.82
DMCHHC 0.6 -549.8 2127 240 243 1586 23.76 1271
0.8 -5294 2102 220 233 16.85 24.63 15.79
1 -551.3 1810 219 231 284  27.02 2324
0.2 -5259 2269 250 238 10.24 2335 11.18
04 -544.4 2010 221 237 2049 2471 16.07
2HBAP 0.6 -543.3 2002 223 237 20.8 24.89 16.67
0.8 -537.7 1914 229 244 2429 2616 20.72
1 -545.8 1913 228 233 2432 26.79 2258
0.2 -552.3 1909 217 233 2449 2555 18.83
0.4 -539.6 1233 173 215 51.23 33.74 3853
2CHAP 0.6 -536.5 754 142 209 70.17 4877  57.47
0.8 -536.4 530 155 205 79.03 7228 7131
1 -5632.2 470 143 201 8141 7729 73.16

Evaluated corrosion inhibition efficiency of these two Schiff bases according to
gravimetric studies in H,SO, medium was higher than that of EIS and potentiodynamic

polarization investigations. By using UV-visible spectroscopy, it was confirmed that
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slow hydrolysis of DMCHDP and DMCHDA is occurring in 0.5 M H,SO4 medium.
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Fig. 5.21 Comparison of corrosion inhibition efficiency (np0%) of
the Schiff bases on MS in 0.5 M H,SO4

Fig. 5.22 represents the UV-Vis spectra of DMCHDP and its corresponding
parent compounds in 0.5 M H,SO;. In the figure 5-5-dimethyl-1,3-cyclohexanedione and
2-aminophenol exhibited peaks at 259 nm and 268 nm respectively. The peak at 290 nm
due to DMCHDRP is shifted to 265 nm when UV-Vis spectrum of DMCHDP was taken
after immersion time of 24 h. This indicates the formation of 2-aminophenol molecule. It
can be assumed that large number of Schiff bases didn’t undergo appreciable structural
degradation for 1-2 h and thus exhibit poor corrosion inhibition potency on MS
according to electrochemical studies. On keeping DMCHDP for a period of 24 h it can
be imagined that partial hydrolysis takes place (for one C=N linkage only). This
structural degradation of DMCHDP may be highly beneficial to interact effectively on
the MS surface, since the bulky nature of the molecule is appreciably lowered. Electron
rich aromatic ring and the C=N linkage now can make coordinate type bonds with the
surface metal atoms easily. Thus after a period of 24 h, DMCHDP molecule showed

much enhanced corrosion inhibition efficiency on MS surface.
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Fig. 5.22 UV-Vis spectra of a) 5,5-dimethyl-1,3-
cyclohexanedione b) 2-aminophenol ¢) DMCHDP at
0 h and d) DMCHDP at 24 h in 0.5 M H,SO4
Fig. 5.23 represents the UV-Vis spectra of DMCHDA and its corresponding
parent compounds in 0.5 M H,SO,. In the case of DMCHDA complete hydrolysis of the
molecule takes place and the parent compounds 5-5-dimethyl-1,3-cyclohexanedione
(Dm) and aniline (An) regenerated were responsible for the high inhibition efficiency.
The peak of 5-5-dimethyl-1,3-cyclohexanedione at 259 nm is observed in the UV-Vis
spectrum of DMCHDA after immersion time of 24 h in 0.5 M H,SO,. Peak due to
aniline at 252 nm may be merged. Parent compounds itself have appreciable inhibition
efficiency in 0.5 M H,SO, (Table 5.3). Enhanced inhibition efficiency of DMCHDA in
gravimetric study than electrochemical study was attributed to the net effect of inhibition
efficiency of both parent compounds formed during hydrolysis. Even though there is a
probability for hydrolysis in 1.0 M HCI medium the corrosion inhibition efficiency of
DMCHDP and DMCHDA in gravimetric and electrochemical studies follows the same

trend. This may be due to the higher adsorption tendency of these Schiff bases on CI" ion,

which is strongly bind to mild steel surface instead of its hydrolysis.
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Fig. 5.23 UV-Vis spectra of a) 5,5-dimethyl-1,3-
cyclohexanedione b) aniline ¢) DMCHDA at 0 h and
d) DMCHDA at 24 hin 0.5 M H,SO,
Electrochemical noise measurements
The parameters mean value of current noise and pitting index were measured
from noise plots. Mean value of current noise gives information regarding protective
power of sample against corrosion and pitting index value helps to quantify localized

pitting corrosion. Current noise for MS in the absence and presence of Schiff bases

(I mM) in 0.5 M H,SO4 is shown in Fig. 5.24.
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Fig. 5.24 Current noise for MS in the absence and
presence of Schiff bases (1 mM) in 0.5 M H,SO,
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From the figure, it is clear that blank specimen exhibits higher mean value of
current noise in respect of the specimen dipped in an acid medium containing Schiff base
molecules, and the mean value of current noise in 0.5 M H,SO, was greater than in
1.0 M HCI medium, which reflects the greater protective power of Schiff bases in 1.0 M

HCI medium. PSD plot is shown in Fig 5.25.
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Fig. 5.25 Power spectral density (voltage and current) plots of MS in
0.5 M H,S0O, in the presence of a) blank b) 2HBAP ¢) DMCHHC d)
DMCHDA e) DMCHDP and f) 2CHAP
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Fig. 5.26 Pitting index curves of MS in 0.5 M H,SO, in the presence of
a) blank b) 2HBAP ¢) DMCHHC d) DMCHDA e) DMCHDP and
f) 2CHAP

The values of current noise are comparatively large for blank metal specimen
than for metal immersed in acid solution containing Schiff base molecules at all
frequencies. Thus localised corrosion is happening in the absence of Schiff base
molecule. Pitting index curves are shown in Fig. 5.26. Amplitude of the pitting index

curve corresponding to blank metal specimen is lower than metal specimens treated with
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acid solution containing Schiff bases. Thus the acid solution containing Schiff base
molecule has high resistance to corrosion.
Surface morphological studies

In order to determine the surface morphology of MS coupons, scanning electron
microscopy was conducted. Fig. 5.27(a-d) represents the SEM images of bare metal,
mild steel coupon in 0.5 M H,SO4 MS treated with DMCHDP (1 mM) and MS treated

with DMCHDA (1 mM) respectively.

20KV X250 100pm

100pum 10 50 SEI 20KV X250 11 50 SEI

Fig. 5.27 SEM images of MS coupons before and after 24 h
immersion a) bare b) blank (0.5 M H,SO,) c) treated with
DMCHDP (1 mM) in 0.5 M H,SO, and d) treated with
DMCHDA(L mM) in 0.5 M H,S0,

There exists a remarkable difference between the surface of a polished mild steel
specimen and the one treated with acid solution. It is clear that the mild steel surface
reacted with acid medium is erratic and rough in nature. A remarkable change in the
surface morphology of MS was observed after adding Schiff base molecule into 0.5 M

H.SO,4 medium. In the presence of 1 mM concentration of DMCHDP and DMCHDA the
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corrosion rate was found to decrease and the surface became less corroded. This is a
clear indication of the formation of a protective layer of Schiff base molecules on mild

steel surface.
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SUMMARY

In this part synthesis and characterization of the Schiff bases such as 2,2’-(5,5-
dimethylcyclohexane-1,3-diylidene)bis(azanylylidene))diphenol (DMCHDP), N,N’-(5,5-
dimethylcyclohexane-1,3-diylidene)dianiline  (DMCHDA), 2,2’-(5,5-dimethylcyclo
hexane-1,3-diylidene)bis(hydrazinecarboxamide) (DMCHHC), 2-((2hydroxy
benzylidene)amino) phenol (2HBAP) and 2-(cyclohexylideneamino)phenol (2CHAP)
were carried out. Elemental analysis, spectral studies such as FTIR, UV-visible, NMR
(*H and *3C) and mass spectroscopy and cyclic voltammetric studies were employed for
the structural elucidation.

Corrosion inhibition efficiency of these Schiff bases on mild steel was also
investigated in 1.0 M HCI and 0.5 M H,SO,. The concentration of the Schiff bases used
for the study lies in the range of 0.2-1.0 mM. Corrosion inhibition efficiency of the
synthesized Schiff bases was evaluated using gravimetric method and electrochemical
methods such as electrochemical impedance spectroscopy (EIS), potentiodynamic
polarization studies and electrochemical noise measurements. Evaluation of adsorption
phenomenon on the mild steel surface was carried out using various adsorption isotherms
to verify the mechanism of inhibition and surface morphological studies were performed
to confirm the adsorption behaviour. Effect of temperature on the corrosion inhibition
efficiency as well as quantum chemical calculations was also done.

Data revealed that corrosion inhibition capacity of the Schiff bases derived from
5,5-dimethylcyclohexane-1,3-dione such as DMCHDP, DMCHDA and DMCHHC was
high compared to that of 2HBAP and 2CHAP in 1.0 M HCI. Also the inhibition
efficiency of these three inhibitors is greater than 90% at 1 mM concentration according
to weight loss studies. Azomethine, hydroxyl group and presence of hetero atoms present

in these Schiff bases are responsible for their higher efficiency. In the case of all Schiff
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bases except 2HBAP, rate of corrosion is less than that of blank specimen and is found to
be decreasing with rise in concentration, which established the antagonistic nature of
2HBAP on corrosion. Adsorption study revealed that the Schiff bases DMCHDP,
DMCHDA and DMCHHC obey Langmuir adsorption isotherm whereas 2HBAP and
2CHAP follow Frumkin adsorption isotherm on mild steel in 1.0 M HCI. According to
impedance and polarization studies all the Schiff bases have appreciable inhibition
efficiency, and act as mixed type inhibitors towards mild steel corrosion.

In 0.5 M H,SO, the corrosion inhibition efficiency of all the Schiff bases except
2HBAP are less compared to that in 1.0 M HCI according to weight loss study. This can
be attributed to the aggressive nature of sulphuric acid medium. The inhibition efficiency
of DMCHDP and DMCHDA was high than other Schiff bases according to weight loss
study. Also it was observed that the inhibition efficiency of these two Schiff bases
reduced considerably in impedance and potentiodynamic polarization measurements.
Comparatively high efficiency observed in weight loss measurement may be attributed to
hydrolysis of DMCHDP and DMCHDA in sulphuric acid medium. DMCHDP undergo
partial hydrolysis whereas DMCHDA undergo complete hydrolysis which was clearly
observed in UV-visible spectra taken after 24 h immersion of mild steel specimen in
inhibitor solutions. High inhibition efficiency upon hydrolysis can be explained by the
lowering of steric nature in the case of DMCHDP whereas it may be because of the
formation of parent compounds having appreciable inhibition efficiency, in the case of
DMCHDA. Schiff bases DMCHDP and 2CHAP obeyed Langmuir adsorption isotherm
whereas DMCHDA followed El-Awady isotherm. In sulphuric acid medium also all the
Schiff bases acted as mixed type inhibitors, towards the mild steel corrosion.

Temperature-dependent gravimetric analysis showed that the activation energy of

corrosion was high in both acid solutions containing Schiff base molecules. Also it was
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observed that activation energy increased with rise in concentration of Schiff bases.
Positive value of enthalpy of corrosion reflects the endothermic nature of corrosion.
Surface morphological study established the protective nature of Schiff bases on mild

steel surface. Electrochemical noise measurement was also carried out to examine the

inhibition capacity.
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