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ABSTRACT

The present investigation deals with corrosion d@firsteel in 1M HCI and the inhibitive effect ofhdf base
ligands [ N-(p-anisalidene)- 6-methoxy-1,3-ben@zbl-2-amingAMBTA) and N-(2-hydroxy-1-naphthalidene)-6-
methoxy-1,3-benzothiazol-2-amine (HNMBTA)] derifredn 2-amino-6-methoxy-benzothiazole (AMBT) by kteig
loss method and electrochemical studies. The sarfaorphology of the mild steel plates in the preseand
absence of the inhibitors have been examined bsttity of the SEM.

Key words: AMBT (2-amino-6-methoxy-benzothiazoleédMBTA (N-(p-anisalidene)-6-methoxy-1,3-benzothiazol
2-amine) and HNMBTA (N-(2-hydroxy-1-naphthalider@&)nethoxy-1, 3-benzothiazol-2-amine)

INTRODUCTION

Corrosion studies have become important due tceasing awareness, to conserve the world’s metaluress.

Inhibitors are substances which when added in sgualhtities to the aqueous corrosive environmestrehses the
rate of corrosion of the metal. They produce coorody either acting as a barrier by forming ancalded layer or

retarding the cathode and/or anodic pro¢ékq2].

The condensation product of an amine and aldehyitte general formula of RC=NR’ are well known organi
inhibitor [3]. So Schiff bases act as inhibitor in acid envirents. Acid solutions are widely used for removal of
undesirable scale and rust in many industrial @ses. Inhibitors are generally used in these pseset control
metal dissolution as well as consumption of ddidToday, organic inhibitors perform this role weticanew series
of them are developing to replace the inorganisone

In the present study AMBT and their Schiff baseswsed as corrosion inhibitor of mild steel in 1MIHInhibition
efficiency of Schiff bases is much greater thaat thf corresponding amine and aldehyde and thastifbuted due
to the presence of a —CH=N- group in these molscUlbe size, orientation, shape, and electric eharmgthe
molecule determine the degree of adsorption andehthre effectiveness of the inhibi{&, [6].

EXPERIMENTAL SECTION

Metal Composition of mild stee: C-0.084%, Mn-0.369%, Si-0.129%, P-0.025%, S-0.02T%0.022%, Mo-
0.011%, Ni-0.013%, Iron-Rest (%)
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2.1. Specimen preparation

Rectangular mild steel of size 3cm x 2cm x 0.01l@ntaining a small hole of 2mm diameter were takeme
specimens are thoroughly cleaned, buffed, rubbéld WD, 2/0, 3/0 and 4/0 grades of emery sheetbtain mirror
like spotless surface. They are then washed witlbigodistilled water and finally degreased usingtace. The
specimens are then dried using hot air drier welgirel kept in a desiccators to avoid absorptiomaisture.

2.2. Weight loss method:

The initial weight of the polished plate was takdte 1M HCI solutions were taken in100ml beakerd #re

specimens were suspended in triplicates into theisn using glass hooks. Care was taken to enfiereomplete
immersion of the specimen. After a period of 3 Isotite specimens were removed, washed with runnitgrw
dried and weighed using chemical balance. Fronirtitial and final masses of the specimen the lasseight was
calculated. The experiment was repeated by vaiipinidpitor concentrations in 1M HCI.

The effect of temperature is studied by the weighs procedure. This was carried out at differemgerature
ranges i.e. 3T, 40C, 50C and 66C using thermostat.

(Weightlosswithoutinhibitor - Weightlosswith inhibitor)
Weightlosswithoutinhibitor
534x Weightlossin mgms

Densityx Areain sq.inchx Timein hours
Where, Density of mild steel = 7.86 g/cc
{Weight loss without inhibitor - Weight loss with mhibitor )

Weight loss wiathout mtubitor

Efficiencyof inibitor(%) = x100

Corrosiorrate(mpy)=

Sutface coverage (&)=

From this, a graph was plotted betwee® ®5 C and log C Vs log6{ (1-8)).It helps to know whether the
adsorption of inhibitors follows Langmuir adsorptisotherm and to obtain a linear relationship. Kenadsorption

plot of 6 Vs log C was found to be linear.

The activation energy was calculated by graphicathmd by plotting log (corrosion rate) Vs 1000/T) (ir a
temperature range of 30%Din 1M HCI with and without inhibitor at an inhtbi concentration of 0.001M. The
inhibition efficiency was found to decrease witkrgasing temperature, E 2.303x 8.314x Slope (KJ)

The free energy of adsorptioﬁngshas been calculated from the equilibrium constdradsorption using the
equation7].
(6]
=L exg —2Cass
55.5 RT

Where,

k 0 (From Langmuir equation)

=— uir equati
clL-6)

0 - Surface coverage of the inhibitor
C — Concentration of inhibitor in Mol/ 50ml|

0 AGggs = RT In (55.5 k)

2.3. Electrochemical studies

Electrochemical measurements were carried outglass cell with a capacity of 50ml. A platinum etede and a
saturated calomel electrode (SEC) were used agaroelectrode and a reference electrode respegtiVee mild
steel electrode was then placed in the test solditin10-15 minutes before electrochemical measargm

Electrochemical impedance spectroscopy (EIS) anfdl Tgolarization were conducted in an electrochaic
measurement unit (Potentiodynamic model PGSTAT TR¢ EIS measurements were made at corrosion feigent
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over a frequency range of 10 KHz to 0.01 Hz withnsis amplitude of 10mV. The Tafel polarization sywwaments
were made after EIS for a potential range of -200m¥200mV with respect to open circuit potentala scan rate
of ImV/sec. Thech, Eom R and G values were obtained from the data using the spomding “corr view” and
“Z view" software.

R, —R
Inhibition efficiency (%) = —__®W » 100
t(inh)

Where,
Ryinny — Charge transfer resistance in the presencehilfiior

Ripiank) — charge transfer resistance in the absence ifiioh

| 1
Inhibition efficiency(%) = °°”“’I'a”" o x 100

corr(blani

Where,

lcorr (planky— COrrosion current in the absence of inhibitor
lcorr (nhy— COrrosion current in the presence of inhibitor

2.4. Surface examination study of mild steel specimen by SEM

The surface morphology of the present work waseduwut by using HITACHI MODEL-S 3400 Scanning Eleo
Microscope. The surface examination of mild stgebcimens were made in order to understand the caurfa
morphology of the mild steel in 1M HCI in the prese and absence of inhibitors.

RESULTSAND DISCUSSION

3.1. Weight loss method

Table (1) gives the values of the inhibition efficcy obtained from the weight loss method for défe
concentrations of AMBT and its Schiff bases in 1\M@IH Using this data, the parameters like inhilitefficiency,
corrosion rate and surface coverage were calculated

Analysis of table (1) clearly indicates that therqga compound AMBT exhibits lowest inhibition efocy
(71.48%) even at a concentration of 0.001M. On ditleer hand, AMBT derived Schiff bases (HNMBTA
&AMBTA) exhibit a high inhibition efficiency of (985% & 94.96%) at 0.001M concentration of the iritoits.
Table (1) revealed the fact that metal loss pravely decreased with increasing inhibitor concatin, the
inhibition efficiency of all the compounds was fauto increase with increase in concentration ofitigbitor and
the corrosion rate decreases with increase in coration of all the tested inhibitors. The surfaoserage §) for
different concentrations of the inhibitor were edéted. The observation of figures (1), (2) & (Bpws that a plot
of C/B Vs C, log C Vs logd/(1-8)) and 6 Vs log C gives a straight line confirming that thdsorption of these
compounds on mild steel surface obeys Langmuirratisa isotherm and Temkin adsorption isotherm.

Very high inhibition efficiency of these compounidsunderstandable from the electron donating ptaseof the
atom like different nitrogen and sulfur presenttia molecule. From the structure of the Schiff base extensively
delocalized orbital covers all the molecular atcansl the orbital is filled up with a number mfelectrons, being

contributed from the differing anchoring atoms leé iolecule. It is apparent from the molecularcitne that these
N\,

molecules are able to adsorb on the metal surfaaigh nitrogen, squur,/C=N group,-CH=N- group and
aromatic ring48].
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.

The order of inhibition efficiency of the testedhgoound is,

'

Fe

HNMBTA > AMBTA > AMBT

The number of anchoring sites in AMBT is less tk&est to which it gets adsorbed on the metal serfadess and
this accounts for its minimum inhibition efficiency

HNMBTA compounds have high inhibition efficiencgi97.35% at 0.001M due to presence of three aromiags,

N\ =N|—
AN group,-CH=N-group nitrogen, sulfur and —OH groupefiefore number of these anchoring sites in these
compounds increases, inhibition efficiency alsoréases. The inhibition efficiency of AMBTA is 94%6 at

0.001M

The weight loss data obtained at higher temperaturge of 30C-60°C are presented in table (2). The data clearly
reveal that inhibition efficiency decreases witltrgase in temperature, weight loss increases withease in
temperature and corrosion rate increases with &serén temperature. The plot of log (corrosion fakg Vs 1000/
T (K) give a straight line. It is a transition stagraph as shown in figure 4. The logarithm of ¢berosion rate of
mild steel is represented as a straight line fonctif 1000/T where T is the temperature in Kel¥ig.p- Arrhenius
plot). Using the Arrhenius plots, the free enerfyadsorptionAG,ys and activation energy,Rvere calculated and
presented in table (3). For uninhibited acid sohitithe calculated value of, & 79.11KJ/mole. The calculated
values of Ea for the inhibited acid solution oftégscompounds are 89.3, 122.17 & 106.01 KJ/molés Tésult
indicates that the presence of inhibitor in thedamlution has affected the value of the activagmergy of the
corrosion reaction. The negative free energy obgaton indicates interaction of the inhibitor moltes[9] and
spontaneous adsorption on the metal surfa@e[13].

TABLE-1 Inhibition efficienciesfor the corrosion of mild steel in 1M HCI at 28+1°C

Name of the Inhibitor concentration Weight loss Inhibition efficiency Corrosion rate Degree of coverage
inhibitor (M) (gms) (%) (mpy) (6)
Blank 0.0698 - 868.43 -
0.0001 0.0320 54.15 398.14 .5415
AMBT 0.0002 0.0265 62.03 329.71 0.6203
0.0003 0.0245 64.90 304.82 0.6490
0.0005 0.0220 68.48 273.72 0.6848
0.001 0.0199 71.48 247.59 0.7148
Blank 0.0258 - 314.12 -
0.0001 0.0051 80.25 62.09 0.8025
0.0002 0.0041 84.10 49.92 0.8410
AMBTA 0.0003 0.0029 88.75 35.31 0.8875
0.0005 0.0015 94.19 18.26 0.9419
0.001 0.0013 94.96 16.17 0.9496
Blank 0.0339 - 412.74 -
0.0001 0.0062 81.71 75.49 0.8171
0.0002 0.0043 87.31 52.35 0.8731
HNMBTA 0.0003 0.0027 92.04 32.87 0.9204
0.0005 0.0024 92.92 29.22 0.9292
0.001 0.0009 97.35 11.20 0.9735
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TABLE-2 Inhibition efficienciesfor the corrosion of mild steel in 1M HCI at higher temperatures

Name of the inhibitor] Temperature (K) Weight I¢gms) | Inhibition efficiency (%) Corrosion rate (y)p

303 - 421.78

1 Blank 313 0.0755 - 939.35
323 0.2522 - 3137.81
33t 0.527¢ - 6564.2°
303 0.0099 70.79 123.17
313 0.0260 65.56 323.49

2 AMBT 323 0.1000 60.31 1244.18
333 0.2200 58.30 2737.19
303 0.0017 94.90 21.15
313 0.007: 89.8( 96.1¢

3 AMBTA 32t 0.035¢ 85.9¢ 440.0¢
333 0.1313 75.11 1630.42
303 0.0015 95.57 18.66
313 0.0067 91.13 82.79

4 HNMBTA 323 0.0291 88.46 361.91
332 0.118: 77.5¢ 1469.6(

TABLE-3 Activation energies (E,) and free energy of adsor ption (AG®.qs) for the corrosion of mild steel in 1M HCI at 0.001M
concentration of theinhibitors

. AG°,q at various temperatures (KJ)
S. No | Name of the inhibitor| E4(KJ) 303k | 313k | 323Kk| 333K
1. Blank 79.11 | - - - -
2. AMBT 89.30 | -29.75| -29.59 -29.4B -28.32
3. AMBTA 122.17| -34.88] -34.20 -34.0p -33.30
4. HNMBTA 106.01| -35.26] -34.81 -34.4P9 -33.68
0.0014 4 P
= AMBT / " = AMBT P
0.0012 1 AMBTA e 144 | & AmBTA e
v HNMBTA e v HNMBTA T X
0.0010 4 e s ¢ 12 7
/ ,_/// /‘/” v
o — 10+ -~
o 00008 e P s 0 -
5 - / /’// B 08 > Y
0.0006 H yd o ="
- - " G
/‘/ P > Qe B
0.0004 4 =
04+ —
. o
- - §
00002 o N 02+ o
v g
0.0000 T T T T T o 40 ag 36 54 45 ag
0.0000 0.0002 0.0004 0.0006 0.0008 0.0010 T e — ’ & =
Concentration (mol) ¢
Fig-1 Langmuir adsor ption isotherm plot Fig-2 Langmuir adsor ption isother m plot

The adsorption of the inhibitors on the metal stefenay be either physisorption or chemisorptionnitable (3) it
is clear that Efor inhibited systems are higher than those ohhibited system. According to R. Rajalakshmalet
[14] for the inhibitors which involve in predominanteshisorption, inhibition efficiency decreases witlcriease in
temperature. Hence although the inhibitors takerstiady can interact with mild steel surface thitopéysisorption
and chemisorption mechanism, it is the chemisonpti@chanism which predominates.
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3.2. Electrochemical studies

3.2. LAC-impedance measur ements
The corrosion behavior of mild steel in acidic $imn in the presence and absence of the inhibitais investigated
by EIS method at 28°C after immersion for 10 minutes. The impedancemiams obtained were perfect semi
circles figure (6&7). The charge transfer resistrg values were calculated from the difference in idgee at
lower and higher frequencies as suggested by TanduHaruyamd15]. To obtain the double layer capacitance
(Cq) the frequency at which the imaginary componerthefimpedance is maximum (-max) was found and {
values were obtained from the equation. The d&awasented in table (4).

1

F(_ z' maX) = W
t

T T T T
3.05 310 315 320 3.25 3.30

1000/T (K]}

Fig-5-Arrhenius plot

T T
3.20

1000IT ()

Fig-4 Transition state plot

A simple electrode reaction such as metal depositio metal dissolution can be represented by a fieddi

equivalent circuit.
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Cal
L
— NN — —
Ro
L AN
Ry

Rp - Series resistance
R, — Charge transfer resistance
Ca — Double layer capacitance

By adopting complex plane analysis for the totdll icgpedance Z, Sluyters et al [16], have resolitedto real and
imaginary components as,

R + cw ¥?

(Gw_]/zcdl +1)2 +0Ch (Rt + Gw_j/z)z

Z=Rg +

Z'= WCq) (Rt + 050_1/2)2 +62Cy +ow Y2
(Ga’_j/zcm +1)2 +w?C5 (Rt + ca)_]/z)z

The simplified equation for cell impedance is
R2 » _R?

Z -Rgo——+|+[Z2']"=—%

o-RL [+ =K

Which is the equation of a semicircle’ (Zs. Z - constant concentration) with its centre oraxis at Z = Ry T2 R,
and radius ¥2 RThe interaction with the'Zaxis are at Z= R, for andw=a and at Z= R, + R for w = 0. These
are called Nyquist plots. With an increase in iitbibconcentration, the radius of the semicirclergases and the
double layer capacitance @ecreases. In this investigation for all the w&tdibitors G, decreases with increase in
inhibitor concentration obviously due to increasedorption as required by theory.

3.2. b. Polarization studies

Both anodic and cathodic polarization curves fadrateel in 1M HCI at selected concentration ofitit@bitors are
shown in figure (8). Values of corrosion currenhsigy (lo), corrosion potential (&), cathodic Tafel slope {p
and corrosion inhibition efficiency for selectedncentrations of the inhibitors are presented ifetgb). It is
evident from the table thai,}; decreases with increasing inhibitor concentrateésulting in an increase in inhibition
efficiency.

TABLE-4 Impedance parametersvaluesfor corrosion of mild steel in 1M HCI

S.No | Name of the inhibito Inhibitor concentratig) | R, (ohmend) | Cdl (uF/cn?) | Inhibition efficiency (%)
Blank 18.20 36.5600 -
0.000: 183.9¢ 28.477( 90.11

L AMBTA 0.0005 186.01 24.1720 90.22
0.001 229.00 22.6810 92.05
0.0001 297.25 17.9880 93.88

2. HNMBTA 0.0005 308.56 15.3410 94.10
0.001 367.9 14.1230 95.05
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3400 :
- N
il 4
0 100 200 300 400
300
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Fig-6 Fig-7
(Fig-6 & 7 Nyquist diagram for mild steel in 1M HCI for selected concentrations of inhibitor)
TABLE-5 Tafel polarization parametersvaluesfor the corrosion of mild steel in 1M HCI
S.No Name of the Inhibitor concentration T?rfl /sdlg([:))e s Ecorr lcorr Inhibition efficiency
) inhibitor (M) b 9 be (mV) (nAmp/cnf) (%)
Blank 33 -31 -650 2.49 -
0.001 75 -71 -134 0.15 93.98
L AMBTA 0.0001 68 -67 -240 0.40 83.94
0.00001 59 -56 -243 1.002 59.76
0.001 78 -75 -114 0.12 95.18
2. HNMBTA 0.0001 69 -67 -219 0.43 82.73
0.00001 61 -59 -235 0.91 63.75
—A— Blank
29 % 102m
—m-107m

—o—10"m

E(V) Vs Ag/AgCI
o
1

log i (il A cm™2)
Fig-8 Tafel Polarization curvefor mild steel in 1M HCl in HNMBTA

Analysis of the polarization data in table (5) ra¢ethat E,, values are only slightly shifted in the presentéhe
inhibitors, Lo, values decrease with increase in the concentrafidime inhibitors. The Tafel constantgsdnd h are

both affected but fis affected to a greater extent. Hence it candmeladed that although all the inhibitors behave
as mixed type inhibitors they are more anodic iturea
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3.3. Surface examination study of mild steel specimen by SEM

The formation of an adsorbed protective film ofibitor molecule on the mild steel surface is alsafdmed by
SEM studies. Figures (9-11) shows the scanningreleenicrographs of mild steel specimens exposéitéiCl
containing 0.001M concentration of AMBTA, HNMBTA drAMBT. Uniform corrosion can be observed in figure
(11). The metal surface is fully covered with thkibitor molecules giving it a high degree of pction (fig 9 &
10)

SEM Photographs

Fig-9 (AMBTA) Fig-10 (HNMBTA)

Fig-11(AMBT)

CONCLUSION

The influence of 2-amino-6-methoxy-benzothiazold #&s Schiff bases on the corrosion of mild steellM HCI
was carried out by weight loss & electrochemicathrod. The synthesized compounds were good inhgbltecause
N

. C=N
these compounds are able to absorb on the mefatsithrough the nitrogen atom, sulfur atorfi, groups, -
CH=N- group and aromatic rings that can cause &ffe@dsorption process leading to the formatioarofnsoluble
protective surface which suppresses the metal ldisso reaction.

The parent compound 2-amino-6-methoxy-benzothéabals very low inhibition efficiency. All the invégated
Benzothiazole derived Schiff bases are effectivgbitors for the corrosion of mild steel in 1M HQthey inhibit
corrosion by getting adsorbed on the metal surfaibe. inhibition efficiency increases with incredseinhibitor
concentration. The adsorption of these inhibitoi®¥vs Langmuir and Temkin adsorption isotherm.

The effect of temperature indicates that the iriubi efficiency decreases with increasing tempeeatrhe
activation energy (£ is higher for inhibited acids than for uninhildtacids showing the temperature dependence of
inhibition efficiency. The less negative value &G gdswith increase in temperature indicates the spowoiasme
adsorption of the inhibitors on the metal surface.

Electrochemical impedance spectroscopy experintente shown that an increase in inhibitor conceiotiatauses
an increase in polarization resistanceaRd a decrease ingCrvalues owing to the increased thickness of the
adsorbed layer. Tafel slopes obtained from potdgtiamic polarisation (vide table — 5) curves inticthat they
are anodic in nature.
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SEM reveals the information of a smooth, denseegtite layer in presence of effective inhibitors(shown in fig
9 &10)
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