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ABSTRACT

Inhibition of corrosion of mild steel in 1M 430, by isoxazolines was studied using gravimetric, tetetiemical
techniques and scanning electron microscopy. Tlitiad of all the isoxazolines to the corrosive riued reduced the
corrosion rate. The effect of temperature on theosion behavior of mild steel was studied in tamperature range
303K - 333K for 1M HSQ, with optimum concentration of the synthesized igmliaes. Thermodynamic parameters were
also calculated to know the mechanism of corrogigrbition. Polarization studies showed that ak tisoxazolines
function as mixed inhibitors but predominantly astanodic inhibitors. The percentage of iron in¢berodent solution
was determined by atomic absorption spectroscopg. grotection of mild steel specimens by isoxasdimwas further

well supported by scanning electron microscopyemergy dispersive X-ray spectroscopy (SEM-EDX) ysial
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INTRODUCTION

Corrosion is a serious environmental problem indihefertilizers, metallurgical and other indussi™ Valuable
metals such as mild steel, aluminum, copper and ame prone to corrosion when they are exposectaggressive
media? Mild steel is a common constructional material foany industrial units because of its excellent mamical
properties, low cost and availability in ease fabrication of various reaction vessels such asimggbower tanks,
pipelines etc® Corrosion of mild steel has an enormous economjiacct. The understanding of the corrosion problach a

the solution to tackle this problem is an actiwddiof research.

The use of inhibitor is an attractive and most ficat method for the protection of metals in contadth
corrosion medium. Inhibitors reduce the corrosidnneetallic materials by controlling the metal dikgmn and
consumptiorf. The action of inhibition of the corrosion of steeid iron in acidic media by organic compounds aimitig
heteroatoms has been widely studieguch compounds typically contain N, O or S in ajegated system and function

via., adsorption of the molecules on the metalasgrfcreating a barrier to corrodent attack.

The most important aspect of inhibition normallynsislered by corrosion scientists is the relatiotwben
molecular structure and corrosion inhibition efficsty. Lorenz etaf have classified the modes of inhibition effect of

interface inhibitors into three categories:
» The geometric blocking effect of adsorbed inhilgtapecies on the metal surface.
» The effect of blocking the active sites on the mstaface by adsorbed inhibitive species.

» The electro catalytic effect of the inhibitor os ieaction products.

www.iaset.us editor@iaset.us



76 N. Anusuya, P. Sounthari, J. Saranya, A. Kiruthila, K. Parameswari & S. Chitra

In the first mode the inhibition effect comes frdhe reduction of the reaction area on the surfddbe corroding
metal, whereas for the other two modes the inlibigffects are due to change in the average activahergy barriers on

the anodic and cathodic reactions of the corropiocess.

The present investigation aims to study the infbgenf isoxazolines on the corrosion of mild steellM H,SO,,
The study was carried out by gravimetric measurg¢mpotentiodynamic polarization methods and elettesnical
impedance technigues. The results from gravimeteasurements were confirmed by AAS. Synergistiecefdf halide
ions and surfactant effect of SLS and CTAB werdwatad by weight loss measurements. The amounissblded iron

was estimated by atomic absorption spectroscoptbhade

EXPERIMENTAL METHODS

Electrode Composition

Cold rolled mild steel specimen of size 1cm x 3cm08cm having composition 0.084% C, 0.369% Mn29%
Si, 0.025% P, 0.027% S, 0.022% Cr, 0.011% Mo, O@®18i and the reminder iron were used for weightslos
measurements. For electrochemical methods, a meiél d of same composition with an exposed af€a7@5 cni was
used. The specimens were polished with 1/0, 2aB4d 4/0 grades of emery sheets and degreasedrisftloroethylene

and dried using a drier. The plates were keptdesiccator to avoid the absorption of moisture.

Synthesis of Inhibitors
» Synthesis of Chalcones {lo)

Chalcones were prepared by reacting a mixture efaadide (0.05mol), aromatic aldehyde (0.05motjueous
sodium hydroxide (10%, 5ml) and methanol (50ml)eThaction mixture was stirred for 10 hours at rdemperature
using magnetic stirrer. Then, it was refluxed fantlier 6 hrs on a water bath. After completionhef teaction an excess of
solvent was removed by distillation and the resuiltéiscous mass was poured into ice water (100nih wigorous
stirring and left overnight for complete precipitet. The resultant solid product was filtered, watwith cold water,

dried and recrystallized from etharidl.
Synthesis of Isoxazolines (lla-e)

Isoxazolines were prepared by reacting a mixturpusified chalcones (0.01mol), hydroxylamine hydriocide
(0.01mol) and a solution of sodium hydroxide (0.@Dnin dry ethanol (50ml) by refluxing for 6 hrs @nwater bath.
After completion of the reaction, an excess ofsblent was removed by distillation and the resulltaass was poured
into ice water (100ml) with vigorous stirring. ltas cooled overnight. The resultant solid product fifeered, washed with

sufficient cold water, dried and purified by redalzation from aceton& (Scheme 1)

NH CHj 12 NH 4
Y 2% NaOH \ﬂ/\‘ NH oHHE 117 X776 ~3— \5’Ar
U+ arcro | | |
MeOH Ar o -8 r;l\(l)

Acetanilide

OCH3

O3 O 0

Scheme-1
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3-Phenylamino-5-Phenylisoxazoline (ISO 1) il Yield: 92%, Colour: dirty white, IR Spectrumy/¢m?):
3276.35 (NH); 1588.44 (C=N); 1733.26 (C=0); 1207(G7N); 1312.11 (C-O-N str); 1455.71 and 1490 (Aetin1>C=C<
str)

3-Phenylamino-5-(3,4',5'-Trimethoxyphenyl)lsoxazoline (ISO 2): Yield: 85%, Colour: grey, IR Spectrum
(ylcm?) : 3298.42 (NH); 1597.13 (C=N); 1746.62 (C=0); 926 (C-N); 1327.08 (C-O-N str); 1445.71 and 1500

(Aromatic >C=C< str)

3-Phenylamino-5-(2-Nitrophenyl)isoxazoline (ISO 3) : Yield: 82% Colour: brown, IR Spectruny/¢m?):
3328.14 (NH); 1600.13 (C=N); 1737.14 (C=0); 1235.86-N); 1336.38 (C-O-N str); 1429.13 and 1486.96
(Aromatic >C=C< str)
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Figure 1

3-Phenylamino-5-(4-Dimethylaminophenyl)isoxazoline (ISO 4):Yield: 83%, Colour: yellow, IR Spectrum
(y/lcm?) : 3810.86 (NH); 1589.94 (C=N); 1738 (C=0); 1228.@C-N); 1320.33 (C-O-N str); 1432.22 and 1501.26

(Aromatic >C=C< str)

3-Phenylamino-5-(2-Hydroxynaphthyl)Isoxazoline (ISO 5): Yield: 80%, Colour: yellow, IR Spectrum/¢m*)
: 3279.77 (NH); 1579.73 (C=N); 1720.27 (C=0); 12Z1.(C-N); 1317.15(C-O-N str); 1454.36 and 1519.38
(Aromatic >C=C< str)

Non-Electrochemical Measurements
Weight Loss Method

The simplest and most accurate method for estigatia corrosion rate is weight loss analysis.

The initial weight of the polished specimen wasetakThe solutions were taken in 100ml beakers &ed t
specimens were suspended in triplicate into thetisol using glass hooks. Care was taken to endwecomplete
immersion of the specimen. After a period of thheairs, the mild steel samples were taken out, vehstith distilled
water, dried and weighed to the accuracy of fowirdels. From the initial and final mass of the spem, (i. e before and
after immersion in the solution) the loss in weiglats calculated. The experiment was repeated fisusconcentrations
of the isoxazolines (ISO 1- ISO 5).

The inhibition efficiency, corrosion rate and sedacoverage were calculated from the weight lossli® using

the formulas,



78 N. Anusuya, P. Sounthari, J. Saranya, A. Kiruthila, K. Parameswari & S. Chitra

W, — W,
Inhibition ef ficiency (%) = — X100
& where, W = Weight loss without inhibitor; \# Weight loss

with inhibitor.

034 X Weight lossing

C on Rat )= 2
orrosion Rate (mpy) Density X Area (cm?*) X Time in hrs

W, — W,

Surface Coverage (6) = W
Pl

Where, W, = Weight loss without inhibitor; \# Weight loss with inhibitor.

In order to investigate the effect of temperatureh® inhibitor performance, the above procedurs eearied out

in the different temperature range i.e., 303K-338ikh one hour immersion time, using a thermostath the inhibitor
concentration of 10mM.

Activation energy (B, Free energy of adsorption®®), Enthalpy and Entropyz\H°& AS”) were calculated using
the formula,

. E,=2303X8.314 X Slope (J)

1

AGog
- K=—e —“”}
55.5 xp RT

g
K= cai-8 [From Langmuir Eqn]

Where, ; 8 = Surface coverage of the inhibitor; C =

Concentration of the inhibitor in mM/100ml.

ThereforeAG, . = —RTIn (55.5K)

AS.4s  AHug
. lug( ) log )+£—&
2303k  2.303RT

Where R is the gas constant, T is the temperaliis, the Avogadro’s number and h is the Planck’sstant.

A plot of log (CR/T) versus 1/T should produce aaigtht line with slope and intercept equal fcﬂ?ﬁ and

SIJ.ILS
lug(w:l P respectively.

Atomic Absorption Spectrophotometric Studies

The weight loss can also be determined by the atrmfumetal dissolved in the solution using atonmis@ption
spectroscopy (AAS)

Atomic Absorption Spectrophotometer (model GBC 988stralia) was used for estimating the amount of
dissolved iron in the corrodent solution containiragious concentrations of inhibitors in 1M$0, after exposing the

mild steel specimens for 3 hrs. From the amouwlisgolved iron, the inhibition efficiency was cdbred.

Impact Factor (JCC): 2.4758 Index Copernicus Value (ICV): 3.0
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E—-A
Inhibiton ef ficiency (%) = —— X100
B where A and B are the amount of dissolved iroprigsence and

absence of inhibitor.
Electrochemical Techniques

The electrochemical impedance measurements werieataut for mild steel in acidic media using corgyu
controlled potentiostat. (IVIUMCompactstat Potestai/Galvanostat). After immersion of the specinmior to the
impedance measurement, a stabilization period ohiBites was observed fopHo attain a stable value. The impedance
measurements were made at corrosion potentialsaofreiquency range of 10 KHz to 0.01Hz with a sigmaplitude of
10mv.

The real part (Z') and the imaginary part (Z”) wemeasured at various frequencies. A plot of Z’2/swere

made. From the plot, the charge transfer resistéRg@and double layer capacitanceyj@vere calculated.

Where, Rinn = charge transfer resistance in the presence dfiiah Rypiank) -Charge transfer resistance in the

absence of inhibitor.

Polarization measurements were made after ElSestudithe same cell set up for a potential rang2@® mV to
+200 mV with respect to open circuit potential asweep rate of 1mV/sec. From the plot, the inhobitefficiency,

Tafel slopes corrosion potentials and corrosiomenirwere calculated using IVIUM software.

coreblank) — ‘Tmrr(inh]

|
Inhibition Ef ficiency (%) = ;

X100

corrblank)

Where I.crripiani) and Iorimn) are the corrosion current density values withont awith inhibitors

respectively.

Surface Morphology
Scanning Electron Microscope-Energy Dispersive X-RaSpectroscopy (SEM-EDX)

Scanning electron microscopy (SEM) was used toysthd surface morphology of the mild steel specimen
The surface morphology of the samples, after 3 houmersion in 1M HSQ, solutions in presence of selected

concentration of various inhibitors studied, wagfqgrened on Medzer biomedical research microscope.
Surface Examination Study

Mild steel specimens were immersed in selected etnations of the inhibitors for duration of 3 heuAfter 3
hours, the specimens were taken out and dried.stiface of the metal specimen was analyzed by &otransform

infrared spectra using FTIR-Affinity (Shimadzu).

RESULTS AND DISCUSSIONS
Non-Electrochemical Methods

Weight Loss Measurements

The gravimetric method is probably the most widebed method of inhibition assessment. The simpliaitd
reliability of the measurements offered by weighdéd method is such that the technique forms thelihasmethod of

measurement in many corrosion monitoring programmes
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Figure 2: Plot of Inhibition Efficiency (%) Vs Concentration (mM) for the
Inhibition of Corrosion of Mild Steel in 1M H ,SO,
Weight loss measurements were carried out aP@3or different concentrations (0.5-10mM) of isogbmes
after immersion in 1M EBQ, for 3 hours. From the weight loss, the inhibitigfficiency (IE), corrosion rate and surface
coverage ) were calculated and the results are presentdalite 2 and depicted ifFigure 2. The values inrable 2

reveal that the isoxazolines efficiently inhibietborrosion of mild steel in 1M 430,.

The corrosion rate decreased considerably withinarease in concentration of inhibitor. This is diwethe
presence of heteroatoms like nitrogen, oxygen aadhatic rings. The extent of inhibition depends mploe nature and
mode of adsorption of inhibitors on the metal stefaThe adsorption is assumed to be a quasi-autiistitprocess

between water molecules on the surface and thbitahi

The isoxazolines are adsorbed on the metal subfadiat orientation. Increase in percentage infobitefficiency
with an increase in the concentration of the irthitsi suggest that the number of molecules adsdrimedased over the
mild steel surface blocking the active sites ofdaaftack and thereby protecting the metal from azion. At highest
concentration of 10mM of isoxazolines, the % IEiakd was above 90% which confirmed that isoxaegliwere very
effective inhibitors. The high percentage inhihitiefficiency of isoxazolines may be attributed ke tpresence of a
number of anchoring sites namely —NH, lone paielettrons on N, O and thebonds of the benzene and isoxazoline
rings.

Table 1: Inhibition Efficiencies of Various Concentations of Inhibitors for the Corrosion of
Mild Steel in 1M H,SO, Obtained by Weight Loss Measurements at 30+1°C

Name of the | Concentration | Weight Loss Inhibition Corrosion Surface
Inhibitor (mM) (9) Efficiency (%) Rate (mpy) | Coverage )

Blank - 0.2059 - 13.34 -

0.5 0.1108 46.18 7.18 0.4618

1 0.0745 63.81 4.83 0.6381

1SO 1 2.5 0.0734 64.35 4.76 0.6435

5 0.0538 73.87 3.49 0.7387

7.5 0.0436 78.83 2.89 0.7883

10 0.0342 83.39 2.22 0.8339

0.5 0.1168 43.27 7.57 0.4327

ISO 2 1 0.0714 65.32 4.63 0.6532

2.5 0.0546 73.48 3.54 0.7348

Impact Factor (JCC): 2.4758

Index Copernicus Value (ICV): 3.0
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5 0.0175 91.50 1.13 0.9150
7.5 0.0081 96.06 0.52 0.9606
10 0.0069 96.64 0.45 0.9664
0.5 0.1716 16.65 11.12 0.1665
1 0.1528 25.78 9.90 0.2578
1SO 3 2.5 0.1315 36.13 8.52 0.3613
5 0.1011 50.89 6.55 0.5089
7.5 0.0877 57.40 5.68 0.5740
10 0.0669 67.50 4.33 0.6750
0.5 0.1558 46.52 10.09 0.4652
1 0.0903 56.14 5.85 0.6487
1SO 4 2.5 0.0723 64.87 4.68 0.5614
5 0.0359 82.56 2.33 0.8256
7.5 0.0177 91.40 1.15 0.9140
10 0.0108 94.75 0.70 0.9475
0.5 0.0327 74.40 2.12 0.7440
1 0.0246 88.05 1.59 0.8805
1SO 5 2.5 0.0059 97.13 0.38 0.9713
5 0.0033 98.39 0.21 0.9839
7.5 0.0027 98.68 0.17 0.9868
10 0.0022 98.93 0.14 0.9893

Effect of Temperature

The effect of temperature on the corrosion of mstlekl in the presence and absence of inhibito Q15 05) at
10mM concentration in 1M $¥80, was studied by weight loss method. The valuesiloibition efficiency and corrosion
rate are presented Trable 3. The inhibition efficiency decreased with increaséemperature.

Table 2: Inhibition Efficiencies at 10mM Concentraion of Inhibitors for the Corrosion of Mild Steel
in 1M H,SO, obtained by Weight Loss Measurements at Higher Teperature

Name of the Temperature (K) | Weight Loss (g) Inhibition Corrosion Rate Surface
Inhibitor P 9 9 Efficiency (%) (g/cm/hr) Coverage 0)

303 0.0190 72.30 3.69 0.7230

1SO 1 313 0.0741 56.36 14.40 0.5636
323 0.1335 52.65 25.95 0.5265

333 0.2519 35.85 48.96 0.3585

303 0.0038 94.46 0.74 0.9446

1SO 2 313 0.0154 90.93 2.99 0.9093
323 0.0524 81.41 10.18 0.8141

333 0.1415 63.96 27.50 0.6396

303 0.0023 96.64 0.45 0.9664

1SO 3 313 0.0063 96.28 1.22 0.9628
323 0.0138 95.10 2.68 0.9510

333 0.0761 80.62 14.79 0.8062

303 0.0114 83.38 2.22 0.8338

1SO 4 313 0.0312 81.62 6.06 0.8162
323 0.0626 77.80 12.17 0.7780

333 0.1216 69.03 23.63 0.6903

303 0.0030 95.62 0.58 0.9562

1SO 5 313 0.0211 87.57 4.10 0.8757
323 0.0784 72.19 15.24 0.7219

333 0.2492 36.54 48.43 0.3654

The temperature increases the rate of all eleotroatal processes and influences adsorption equitiband
kinetics as well. Weight loss increases with terapge in the absence and presence of inhibitor.oAdi®n and
desorption of inhibitor molecules continuously acatithe metal surface and an equilibrium existsvben two processes

at a particular temperature. With increase of tawapee, the equilibrium between the adsorption desbrption processes
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is shifted to a higher desorption rate than adsmmptintil equilibrium is again established at afelént value of

equilibrium constant. This explains the lower intidn efficiency at higher temperature.

The relationship between the corrosion rate (CRiniddl steel and temperature can be expressed HyeAius

equation
— —Ea
Cp=Kexp ps ) 1

Where E is the the activation energy, R is the universed gonstant, K is the pre-exponential constantTaisd

the absolute temperature. Using equation 1 and &@bot of logCz Vs 1000/TFigure 4 the values oE?2 and K at 10mM

concentration of the isoxazolines were computednfslopes and intercepts respectively and the vadwesgiven in
Table 4

Log corrosion Rate Vs 1000/T (K)

1
4 pyeo m
4 pye
4 py e
/

Figure 3: Arrhenius Plot of Corrosion Rate of Mild Steel in 1M H,SO,
Solution in Absence and Presence of Inhibitors
FromTable 4 it is evident that the inhibitive additives cawseise in activation energy value when compared to
the blank solution. The increase of deaccelerated the corrosion rate of steel. Thyelarcrease in the activation energy
of the corrosion process in the presence of thibiton may be attributed to the slow rate of inkdliadsorption on the

metal surface at higher temperature as reportediay and Holliday?

But, Riggs and Hurd explained that, the increase in the activationrgnef corrosion at higher levels of
inhibition arises from a shift of the net corrosimaction from that on the uncovered part on théah®urface to the
covered one. Schmid and Huahgnd Hegazy found that, the organic molecules inhibit both #rmedic and cathodic
partial reactions on the electrode surface andallpbreaction takes place on the covered areathieureaction rate on the
covered area is substantially less than on the wared area. This is in agreement with the resultshis work as

represented ifable 4.
The values of enthalpy of activatidid® and entropy of activatiofl.5° were obtained from the transition state
equation [16].

AHT

o= exp () exp (-2 z

Impact Factor (JCC): 2.4758 Index Copernicus Value (ICV): 3.0
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Where h is the Planck’s constant, N is theAvogatrmber, R is the universal gas constant, T is Hwlate
temperature AH ? is the enthalpy of activation ardiS® is the entropy of activation. A plot of Icgz/T as a function of
1000/T Figure 4) was made for mild steel corrosion in 1M3®, in the presence and absence of isoxazolinesgBtrai
lines were obtained with slopkf ©/2.303R and intercept [log(R/Nh) A$°/2.303R)] from which the values ¢H “and
AS® were computed and listed Trable 4. Examination of these data reveals thatd&" values for dissolution reaction

of mild steel in 1M HSQjin the presence of the inhibitors are higher (6@-E2Zmole) than that in the blank (42 kJ/mole).

Table 3: Kinetics/Thermodynamic Parameters of MildSteel Corrosion in 1M HSO,

Nam_e _of the E.(KJ) | AH®Kky/mole | AS® ki/mole m;;ds at Various Temperatures (KJ)
Inhibitor 303 313 323 333
BLANK 62.61 -45.81 -0.87 - - - -

1ISO 1 81.18 -67.70 -0.81 -6.73 -5.12 -4.84 -3.12
1ISO 2 101.47 -98.84 -0.72 -11.46 -10.45 -8.56 -6.33
1ISO 3 94.20 -91.59 -0.75 -12.77 -12.90 -12.56 -8.69
1ISO 4 65.29 -62.93 -0.83 -8.38 -8.31 -7.96 -6.96
ISO 5 122.15 -119.97 -0.65 -12.08 -9.54 -7.16 -3.21

The negative values ¢iH", . mean that the dissolution process in an exothepricess’ The exothermic

process is attributed to either physical or chemamdsorption or mixture of botf, whereas endothermic process
corresponds to chemisorptidh.In an exothermic process, physisorption is distisiged from chemisorption by

considering the absolute value&ff ”,_. For physisorption process the valueld{ °,_is lower than 40KJ/mole. while for
that of chemisorption it approaches 100kJ/niBle the present studgiH 2, is greater than 40KJ/mole which confirms

that chemisorption is favoured.

-
3.0 .
s -
4 ®
-
25 v X -
*
20 .
v >
A <
15 v
k
104 v
05
00 T T T T T T T 1

295 3.00 3.05 3.10 3.15 3.20 3.26 3.30 3.35
1000T (%)

Figure 4: Arrhenius Plot of Log(Corrosion Rate/T) vs 1000/T

The negative values cl57 ;. implies that the activated complex in the rateedwatning step represents an

association rather than a dissociation step, mgahat a decrease in disordering takes place argdodm reactants to the

activated compleX® The negative values of standard free energy obratisn AGZ,. confirms the spontaneity of the
adsorption process. in 1IM,B0, solution in absence and presence of inhibitors.

Generally, values cd&;,;_ upto -20 kJ/mol are consistent with physisorptidiile around -40 kJ/mol or more is
associated with chemisorptiéh.In the present studg?_-.G,:ds values are below -20kJ/mole confirming physisanmpti

But AH® values confirm chemisorption. This indicates thalsorption of the inhibitors is neither physisamptior

chemisorption but it is a complex mixed type.
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Adsorption Isotherm

Adsorption isotherms are very important in deteimjnthe mechanism of organoelectrochemical reaéfion
The most frequently used isotherms are Langmuinmkin, Hull de-Boer, Parsons Temkin, Flory Hugdimeundlich,
Dhar-Flory-Huggin, kinetic/thermodynamic model df&wady etal., and Bockris Swinkels. All these isetms are of the

general form
FQ.x) exp(—2aQ) =k gqs ¢ 3

Where f(Q,x) is the configurational factor whichpageds upon the physical model and the assumptions
underlying the derivation of the isotherm, Q thefate coverage, C the inhibitor concentration i e¢kectrolyte, x the size
factor ratio, a the molecular interaction factod dnthe equilibrium constant of the adsorption s In this work,
Langmuir adsorption isotherm was found to be sietdbr the experrimental findings. The isothernmdéescribed by the

following equation.

e 1
- = +C 4
8 Kads
) 1 AGgds
With K q. = — ex (—— 5
ads = ;o2 P\ T Tpp
18 —
R
A
12 4 | |
10 o A ./ ‘
2 v
- ) L |
) . . i
7 » @ 1502
= B
5 ,
'y
o T T T T T T 1
Cong -ation M

Figure 5: Langmuir Plot of Inhibitors in 1M H ,SO,

]
Where ‘C’ is the inhibitor concentratiod ; ;- is the adsorption equilibrium constant ak@, ;. is the standard

free energy of adsorption. Though the plot of @&rsus C is linearF{gure 5), the deviation of the slopes from unity
(for ideal Langmuir Isotherm) can be attributedhte molecular interaction among the adsorbed itdilsipecies, a factor
which was not taken into consideration during teewdtion of the Langmuir equation. The fit of theperimental data to

this isotherm provides evidence for the role ofoaigon in the inhibitive effect of isoxazolines.
Atomic Absorption Spectrophotometric Studies

The amount of iron dissolved in the presence o%dgolines when mild steel specimens were exposedvt
H,SO, were calculated and presentedTiable 6. It has been found that the amount of dissolved irothe corrodent
solution decreases with increase in concentratibrthe inhibitors and there is good agreement betwealues of

percentage inhibition efficiency calculated fromig¥e loss and AAS technique.

Impact Factor (JCC): 2.4758 Index Copernicus Value (ICV): 3.0



Isoxazoline Derivatives as Corrosion Inhibitors forMild Steel in Acid Media 85

Table: 4 Amount of Dissolved Iron Present in the Caoosive Solution with and without
Inhibitors in 1M H ,SO, Measured Using Atomic Absorption Spectroscopy

Name of the Inhibitor Amount of Iron Inhibition
Inhibitor Concentration | Content (mg/l) Efficiency (%)
Blank - 1304.96 -
0.5 776.3 40.55
IS0 2 10 129.5 90.07
0.5 364.6 72.06
ISO 5 10 93.57 92.82

Electrochemical Mesasurements

Potentiodynamic Polarization Curves

The polarization behaviour of mild steel in 1M3@ycontaining different concentrations of isoxazol{feO 5)
are shown irFigure 6. Electrochemical parameters extracted from thesees are given iffable 7. From the figures it is

clear that the values ol £, ] of mild steel in the inhibited solution were snaalthan those for the inhibitor-free solution.

The addition of the isoxazolines induce a decré@asoth cathodic and anodic currents confirming tha addition of the

isoxazolines have hindered the acid attack ontdw slectrode.

Log Current A

blank - +
0.5mm- E
5mm- A
10mm - O
N . I
Potential V

Figure 6: Polarization Curve for Mild Steel Recordel in 1M H,SO, for Selected
Concentrations of Inhiitor (ISO 5)
Further inspection of the figures reveal that ie tathodic range, the cathodic current densitgds kensitive to
isoxazolines, while in the anodic range, a sigaificdecrease in the anodic current densities radshift of the corrosion

potential € ..~-) toward more positive directici.Hence it can be concluded that these inhibitoesraixed type but

dominantly act as anodic inhibitors for mild steetlM H,SO,. The above results are further confirmed by thenge in

both cathodic and anodic Tafel slope valilis & b,) relative to blank.

Table 5: Corrosion Parameters for Mild Steel with ®lected Concentrations
of the Inhibitors in 1M HSQO, by Potentiodyanamic Polarization Method

_ Tafel Slopes Eree Inhibition

Name of the Inhibitor | cor(MA/CM?) S o
Inhibitor Concentration (mM) (l;n V/decatc)i e  (mv) Efficiency (%)
a C

Blank 52 112 -467.4 1567 -

0.5 31 121 -480.2 623.0 60.24
ISO 1 5 44 147 -472.0 549.7 64.92

10 45 155 -451.2 384.4 75.46
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0.5 57 120 | -483.5 407.4 74
ISO 2 5 53 127 | -477.8 328.2 79.05
10 40 144 | -462.3 230.7 85.27
0.5 57 120 | -491.3 675.5 56.89
ISO 3 5 56 125 | -489.1 561.8 64.14
10 48 140 | -475.2 447.5 71.44
0.5 52 114 -481 437.2 72.09
ISO 4 5 41 129 | -463.8 345.5 77.95
10 39 165 | -457.9 332.5 78.78
0.5 75 131 | -502.7 416 73.45
ISO 5 5 64 153 | -491.4 360.4 77
10 28 232 | -437.1 85.9 94.5

Electrochemical Impedance Spectroscopy (EIS) Measements

blank -
0.5mm -

g
5
opo+t

10mm -

-Z" ohm

Z' ohm

Figure 7: Nyquist Diagram for Mild Steel in 1M H,SO, for
Selected Concentrations of Inhibitor (ISO b

Nyquist plots of the isoxazoline (ISO 5) in 1M$0, in the absence and presence of various concemtsadice
given in Figure 7. The impedance spectra shows a single semicirdettze diameter of the semicircle increases with
increasing inhibitor concentration. The impedanpecsra consist of one capacitive loop at high fespy which is

attributed to charge transfer of the corrosion pss€ Various parameters such as charge transfer nesis@® ), double
layer capacitancel;) and inhibition efficiency obtained from impedanoeasurements are shownTiable 8 R values
were calculated from the difference in impedandewer and higher frequencies as suggested by Tetahi® C; values
were calculated from the frequency at which thegimary component of impedance was maximuyfgf) using the
reaction

c 1
472 frgxRe:

The R values increased arnd; values decreased with concentration. The declieaSg; values indicate that

the inhibitors function by adsorption at the mesailition interface by gradual displacement of watetecules leading to

a protective film.

The decrease iff;; may be due to in local dielectric constant andfoincrease in the protective layer thickness

at the electrode interfaéé.

Impact Factor (JCC): 2.4758 Index Copernicus Value (ICV): 3.0



Isoxazoline Derivatives as Corrosion Inhibitors forMild Steel in Acid Media

Table 6: A. C.-Impedance Parameters for Mild Steelor Selected
Concentrations of the Inhibitors in 1M H,SO,

0.5 22.6 22.7 51.06
ISO 1 5 24.31 p22.5 54.5
10 37.19 21.9 70.26
0.5 34.16 324 67.62
ISO 2 5 50.31 31.7 78.01
10 67.54 27.1 83.62
0.5 17.01 35.9 34.97
ISO 3 5 21.50 35.2 48.55
10 32.67 33.8 66.14
0.5 34.77 30.7 68.19
ISO 4 5 49.21 28.6 77.52
10 59.31 33.3 81.35
0.5 26.26 22.7 57.88
ISO5 5 51.55 20.5 78.54
10 80.34 15.2 86.23

Scanning Electron Microscope-Energy Dispersive X-RaSpectroscopy (SEM-EDX)

87

Figure 8-9 shows the SEM micrographs of different slides dtirateel after immersion in the aqueous solution

in the absence and presence of inhibitors (ISO'B.exposure of mild steel sample to 1B for 3 hours results in an

aggressive attack of the corroding medium on tHd steel surface, strongly damaging the surféigeire 8. SEM image

of inhibited mild steel specimdrigure 9 reveals that a good protective adsorbed film ism& on the specimen surface

which suppresses the rate of corrosion being ressiplenfor the inhibition.

‘i i
(A

YE5AR {Opm WD13

Figure 9: (ISO 5)

Figure 8 & 9: Scanning Electron Microscopy Photograhs in the Absence and Presence of Inhibitors
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The EDX spectra were used to determine the elesrmesent on the surface of mild steel in the uhitéd and
inhibited 1M H2S04.The EDX analysis of uninhibitedld steel plate indicate the presence of only Rd axygen
confirming that passive film on the mild steel suwe contained only E®; Figure 10 & Figure 11 portrays the EDX
analysis of mild steel in 1M 30, in the presence of isoxazoline (ISO 5). This ED¥apa shows additional lines due to
C, O and N. This spectra confirms the presencehefisoxazolines molecules on mild steel surfic&.comparable

elemental distribution is shown Trable 11

Figure 10: EDX Analysis for Mild Steel in 1M H,SO, in Absence of Inhibitor

Figure 11: EDX Analysis for Mild Steel in 1M H,SO, in Presence of Inhibitor (ISO 5)

Table 7: Surface Compositions (Weight %) of Mild S¢el after 3 Hours of Immersion in 1M
without and with the Optimum Concentrations of the Studied Inhibitors

(Mass %) Fe C N (0] Si
Blank 66.20 - - 33.80 -
ISO5 58.56 | 15.91 10.08| 15.02 0.43

Mechanism of Inhibition by Isoxazolines

In the present work, isoxazolines contain two agign atoms which can be protonated in an acid mediu

Thus they become cations, existing in equilibriuithwhe corresponding molecular form.

©/ NHWN + xH - ONHWN

N—o —d

The protonated ion, could be attached to the msiidgel surface by means of electrostatic interacdtietween

SGf_and the protonated isoxazolinium ion since milcekgurface has positive charge inS@, medium®explained
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based on the assumption that in the presemﬁ{]ﬁ’r’, the negatively chargeﬁﬂj' would attached to positively charged

surface thereby the protonated ion may also getrbdd onto the metal surface.

YTHY 919 99

ST ST S S S ss ETTT Re T e

Figure 12 Figure 13 Figure 14
Figure 12, 13 & 14: Represent Schematic Diagram @fdsorption of Isoxazolines on Mild Steel Surface

FT-IR Studies

The mode of bonding of the isoxazolines to thedreteel surface was elucidated by comparing thepttra of
the pure compounds with the IR spectra of the itdubplates.

In the FTIR spectrum of the inhibited plates (I8)0(Figure 15) the band around 3200-3300¢ns attributed to
N-H stretching vibrations have become weak (congbavih the IR spectra of the isoxazolines) withueed intensity
which may be due to protonated NH grdfiiand also confirming the adsorption of these comgswon mild steel surface

via the protonated NH group.

4000 3500 3000 2500 2000 1750 1500 1250 1000 750 500
"

Figure 15: IR Spectrum of Mild Steel Plate Immersedn 1M H,SO, Containing 1SO 2

In comparison to the IR spectrum of the inhibitdtsis evident that thee NH, v C=N, v C-O-N stretching
frequency have shifted to a considerable extenfircoimg that these electron centers are involvedhie sharing of
electrons with the metal. Moreover the C=C stretghHrequency of the aromatic ring have shifted tirally to the extent
of 20-30cnt in comparison to the IR spectrum of inhibitors fawning the participation of the C=C in the adsdopt
process. Furthermore, the intensity of these s$timgcfrequencies have decreased which impliesthietsoxazolines are

co-ordinated to F& resulting in the formation of a Feinhibitor complex on the metal surfate.
Evaluation IE of Isoxazolines: Chemical Structure ad Corrosion Inhibition of Fe

The inhibition efficiency of the isoxazolines fli's the order

ISO5>I1SO 2 >I1S0 4>ISO 1>I1SO 3

The inhibition efficiency of the investigated cooymds depends on many factors, which include tmeben of
adsorption active centres in the molecule and tlebimrge density, molecular size, mode of adsorptiweat of

hydrogenation and formation of metallic complexes.
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ISO 5 has the highest percentage inhibition efficiy (98%). This may be due to the presence ophthal ring.
The -OH group in ortho position in the naphthylgriis expected to form intramolecular hydrogen buiitth lone pair of
electrons on oxygen of isoxazoline ring leadingh® less availability of lone pair of electron oxygen for electrostatic
interaction with metal due to ortho effect. In aawliction the high inhibition efficiency of ISO Bdicates that —OH group

is not in the same plane as naphthyl ring and doésnake any contribution to adsorption. ISO 2 &lasost equal IE of
about 96% which may be attributed to the presefithree methoxy group (p-OGHa= -0.27) respectively. They are all

electron donating groups with negative Hammet @nistvhich enhance the electron density on the mide®ds the

number of electron donating groups on the benziagencreases percentage inhibition efficiency atgweases.

ISO 4 is expected to show very high inhibitioni@&ncy (Hammet constawt= -0.83) but it is slightly less than
expected. This may be due to the perpendiculantii®on of -NMe with respect to benzene ring thus preventing the
exactly flat orientation of the molecule onto théldrsteel surface. ISO 3 may be attributed to tlreng electron
withdrawing nature of the NQOgroup which reduces the electron density on thieoube and thereby result in a decrease
in protection efficiency.

CONCLUSIONS

1. All the isoxazolines studied are found to performllvas a corrosion inhibitor in 1M 430, and the inhibiting

efficiency values of the examined isoxazolinesdiat the order:
ISO5>1S0O 2 >1S0 4>ISO 1>I1SO 3
2. The adsorption of the compounds on metal surfafeuisd to obey Langmuir adsorption isotherm.

3. The inhibition efficiency obtained from the atonaibsorption spectrophotometric studies was fourizetm good

agreement with that obtained from the conventiovgght loss method.

4. The activation energy is higher for the inhibitedida than for uninhibited acids showing the tempee
dependence of inhibition efficiency.

5. The negative values of standard free energy of ratlea AGZ,_ confirm the spontaneity of the adsorption

process.

6. Polarization studies showed that all the isoxazslifunction as mixed inhibitors but predominantty @& anodic
inhibitors.

7. SEM reveals the formation of a smooth, dense ptigtetayer in presence of an effective inhibitor.
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