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ABSTRACT

Corrosion is derived from the Latin word “corrosusieaning away. It can be defined as “the destrnctio
deterioration and consequent loss of metals thraingimical or electrochemical attack by the envirenth The process
of corrosion is the transformation of pure metabiits undesired metallic compounds. The life tiofemetal gets
shortened by the corrosion process. Most metalsefgxnoble metals] occur in the form of their comnpads such as
oxides, sulfides, carbonates, chloride®tc. The extraction or metals from their oresrisendothermic process, energy
being supplied in the form of heat or electricakmyy. Pure metals are relatively at higher enetgiescompared to their
corresponding ores and they have a natural tenden®vert back to their combined state. Thereftire,metals combine
with the environment and get converted into theimpounds. Thus corrosion of metals can be congidaseextractive
metallurgy in reverse. Corrosion is breaking downessential properties in a material due to reastiovith its
surroundings. Corrosion also includes the dissmtutif ceramic materials and can refer to discoilonaand weakening of
polymers by the sun's ultraviolet light. To synibeseries of a Schiff bases from 4-amino antipyend different aromatic
aldehyde iefurfuraldehyde, salicylaldehyde andanisaldehyde The 4-amino antipyrine as a effective inhibitdtsavas
found that the adsorbed inhibitors accounts fortgmting the metal from corrosive medium and modidyielectrode
reactions resulting in the dissolution of the nethke weight-loss measurements and electrochestigdies have the same

tendency to explain about metal deterioration.
KEYWORDS: Corrosion Process, Sulfides, Carbonates, Chlorklaesuraldehyde, Salicylaldehyde, Anisaldehyde
INTRODUCTION

Corrosion is derived from the Latin word “corrosusieaning away. It can be defined as “the destrnctio
deterioration and consequent loss of metals thratigdmical or electrochemical attack by the envirenth[1]. Shrier
describes the corrosion as the result of interactd solid with the environment. The process ofrasion is the
transformation of pure metal into its undesiredattietcompounds. The life time of metal gets shoetd by the corrosion
process.Most metals [except noble metals] occuhénform of their compounds such as oxides, sudfidmrbonates,
chlorides, etc. The extraction or metals from tloe@s is an endothermic process, energy being isglipl the form of heat

or electrical energy. Pure metals are relativelfigher energy state compared to their correspgnalias and they have a
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natural tendency to revert back to their combinedes Therefore, the metals combine with the emvivent and get
converted into their compounds. Thus corrosion efats can be considered as extractive metallurggvarse.Corrosion
is breaking down of essential properties in a nigteue to reactions with its surroundings. In thest common use of the
word, this means a loss of an electron of metalstiieg with water and oxygen. Weakening of iron tuexidation of the
iron atoms is a well-known example of electrochexh@orrosion. This is commonly known as rust. Tigjge of damage
usually affects metallic materials, and typicallsoguces oxide(s) and/or salt(s) of the original ahe€orrosion also
includes the dissolution of ceramic materials aad cefer to discoloration and weakening of polymieysthe sun's
ultraviolet light. Most structural alloys corrodesraly from exposure to moisture in the air, butphecess can be strongly
affected by exposure to certain substances. Corrasan be concentrated locally to form a pit orckrar it can extend
across a wide area to produce general deterioratile some efforts to reduce corrosion merelyresd the damage into
less visible, less predictable forms, controlledrasion treatments such as passivation and chreoaseersion will
increase a material's corrosion resistance. The afosorrosion was estimated for each of the aboategories. When
summed, the total annual cost of corrosion foritigeistry sectors examined was $137.9 billion. Treakdown of these
costs among the five sector categories is givelfignre 2. Not all industries were examined in #tisdy; therefore, the
total economic impact on the U.S. economy wouldiradlly be greater than the $137.9 billion givenehdiydrochloric
and hydrofluoric acid blends are used to cleanitigrmartensitic and austenitic steels. Iron ox&bale is soluble in
hydrochloric acid, and therefore there is no atidck on the metal surface. Hydrogen embrittlenier@ major problem
during the pickling of mild steel wire. The addrioof inhibitor to the hydrochloric acid eliminates reduces
embrittlement. This embrittlement occurs when atohjdrogen produced by the introduction of the sicitiffuses into
the lattices of the metal and strains it. This itsgua brittleness at the molecular level, withadvanced indications such as
visible pitting. Figure 3 shows the acid picklin§ mild steel. In the figure right hand coupon prior pickling, center

coupon acid inhibited and left hand coupon no iitbrtbused.

Figure 1

In the fracturing and acidizing of compact oil fations, dilute hydrochloric acid is used to dissolhe
undesirable carbonate deposits or scales, whienféme with the passage of oil, in tubing or in fbemation itself. The
lines and tubing must be protected during this aji@n from corrosive attack by the acid, by thehhigmperatures and
pressures, and by the potential for a “sour” emuiment resulting from the high hydrogen sulfide adbon dioxide

contents.
Adsorption Inhibitors

Adsorption inhibitors protect by adsorption on he tmetal or metal oxide film exposed to electrolydeganic

inhibitors are aliphatic and aromatic amines (N poumnds), thiourea (S compounds) and aldehydes (@paonds). All
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these have a charged state, for example aliphaiicess have ammonium cations presesNIR. The S and O compounds
have a negative charge on them. Thiourea bondsgdjréo a metal by sharing its electrons with thetah surface. This
blocks solvating water molecules and also stopsdgeh gas molecule formation.N and O compounddesseadsorbed
on the metal surface than the S type compounds {Emel to select active anodic sites. The largemtiolecule the greater

the inhibition as they displace solvating water @coles.
Film Form Inhibitors

The addition of specific ions with high redox réantpotentials will produce local reactions to foprotective

films. Two ions of this type are the chromate aitdta ions.
They have redox reactions:-
NO, + 8H + 6e —» NI +2H,0 E;= +0.9V
2CrO/ + 10H + 6e —» GO; + 5H,0 Ey= +1.31V

Both these reactions induce iron to dissolve inférdc state with 3+ rather than in the ferrowstestas 2+. The

ferric oxides are stable on the surface and bladkér corrosion.
Fe" + 3H,O —» FgD; + 6H'

These tend to be nitrites, carbonate and benzidaied inhibitors attached to parachutes of an arg&ation. An

example is dicyclohexyl ammonium nitrite. The iritdb evaporates onto the metal surface.
Schiff Base

Schiff base compounds are the condensation proofuein amine and a ketone/aldehyde. A Schiff base (o
azomethine), named after Hugo Schiff, is a funaiaroup that contains a carbon-nitrogen doublelbmith the nitrogen
atom connected to an aryl or alkyl group but natrbgen. Schiff bases are of the general formylR,8=N-R;, where B
is an aryl or alkyl group that makes the Schiffdasstable imine. A Schiff base derived from asiliwhere R3 is a phenyl

or substituted phenyl, can be called an anil.

R|||
J,C_RI"

)
R R

Schiff bases can be synthesized from an aromatineasnd a carbonyl compound by nucleophilic additio
forming a hemiaminal, followed by a dehydrationgenerate an imine. In a typical reaction, 4,4’-dradiphenyl ether
reacts with o-vanillin. The choice of the inhibiterbased on two considerations: first it could petlsesized conveniently
from relatively cheap raw materials, secondly,dbtains the electron cloud on the aromatic ringtloe, electronegative

atoms such as nitrogen and oxygen in the relatiegly chain compounds [33]. Due to the presendeefC=N group in
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the Schiff base molecules, they should be goods@mn inhibitors. Schiff base inhibitors have beeeviously reported as

effective corrosion inhibitors for steel, coppedatuminum.
Scope of the Present Investigation

The use of inhibitors is one of the most practivethods for protection against corrosion especiallgcidic
media. Acid solutions are generally used in seviedilstrial processes. Hydrochloric acid is widebgd in the pickling of
steel and ferrous alloys. The most important aoéa@pplication are acid pickling, acid cleaningidaescaling and oil well
cleaning, petrochemical industry, and other el@ttemical systems. Corrosion inhibitors are neededetiuce the
corrosion rates of metallic materials in these medin inhibitor is therefore used to protect theacled surface, reduce
acid wastage and metal loss and prevent pitting disebloration of the metal. Some Schiff bases Hasen reported
earlier as corrosion inhibitors for steel, coppalyminum, and zinc. Some research work reveal thatinhibition
efficiency of Schiff bases is much greater thatafresponding amines and aldehydes. This may béodie presence of
a C=N group in the molecule.Thus, a systematicysha$ been undertaken to understand the corrosioavipur of mild
steel and inhibitive action of 4-amino antipyrineddts Schiff base derivatives in 1M HCI environrhérhis compound is
expected to show good inhibition efficiency for dnisteel corrosion because it having a variety ofiodoatoms
heteroatoms like oxygen, nitrogen and it would he adsorbing center. Moreover the introduction ahes functional
group to the 4-amino antipyrine would expect agfiective inhibition. It was found that the adsathehibitor accounts
for protecting the metal from corrosive medium anddifying electrode reactions resulting in the digson of the

metals.

SYNTHESIS OF SCHIFF BASE
Synthesis of 4-Benzilidine Amino Antipyrine (FAAP)

0.0025 mole of 4-Amino antipyrine (AAP) dissolved éthanol. To this, furfuraldehyde (0.0025 molegsw
added. The resulting mixture was refluxed at 80°@D2C on the water bath for 4 hours. The hot sotutiias cooled. The

solid was separated out and the resulting solidfitesed off. It was recrystallized from ethanol.

HC NH;

mcf*"x:fau \Eﬁ*" ﬂ

Synthesis of 4-Salicylidine Amino Antipyrine (SAAP)

0.0025 mole of 4-Amino antipyrine dissolved in etbla To this, salicylaldehyde (0.0025 moles) wadeatd The
resulting mixture was refluxed at 80°C — 90°C oa water bath for about 4 hours. The hot solutios e@oled. The solid

was separated out and the resulting solid wasditeff. It was recrystallized from ethanol.
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Synthesis of 4-Anisalidine Amino Antipyrine (AAAP)

SAAP

oH

0.0025 mole 4-Amino antipyrine dissolved in ethanbd this, Anisaldehyde (0.0025 mole) was addede Th

resulting mixture was refluxed at 80°C — 90°C oa water bath for about 4 hours. The hot solutios e@oled. The solid

was separated out and the resulting solid wasditeff. It was recrystallized from ethanol.

-
(T

Materials Used

In the present work, mild steel was used as matfriche corrosion studies. The chemical compositf the

mild steel was determined by analytical technicums its composition is illustrated in t@mposition of mild steel

Table 1
Sample C Mn S P Si Fe
Mild steel 0.12%| 0.85% 0.0559 0.05% 0.09p% Balar

Electrolyte

ce

1M HCI was used as an electrolyte which was prep&mm 86.2 ml of HCI in 1000 ml of distilled watétl the

test specimens of mild steel were cut into an dvepgparent size of 1x1x0.3 cm, which were poliskéth different grids

of emery papers namely 120, 320, 400, 600, 8001800 and they were degreased with acetone andledistiater, this

specimens were embedded by using epoxy resin wittlectrical connection and exposed area of’16m2 gm of ATA,

VTA and FTA are dissolved separately in 100 ml oft M HCI (2000 ppm).Electrochemical experiments

(Potentiodynamic polarization and Electrochemiocgpédance) were carried out in a five—neck gladgyotlprovision for

the working electrode, platinum electrode and laggapillary. The potential of the working electrdues been measured

with respect to calomel electrode (SCE). The luggiapillary and SCE has been connected throughgan -a agar

potassium chloride salt bridge.

Impact Factor(JCC): 2.3128- This article can be dowloaded from www.impactjournals.us




| 56 Balaji.M, Chandrasekar.N, Sharmila.G & Manivannan.R

Experimental Procedure

For weight loss measurement, the specimens weliatouthe exposed area of 4x2x0.3 cm. They werssiped to
mirror finish using different grids namely 120, 2220, 400, 600, 800, 1000 and degreased with meetnd distilled
water. The specimens were separately weighed anteised in solution containing 200 ml 1M HCI withffeient
concentration like 20, 30, 40, 50, 60, 70 and 8&ppf ATA, VTA, and FTA solutions, for about 150 moites. After 150
minutes the specimens were removed from the sol@ia cleaned. Dried the specimens and weighed fhgeweight—

losses were measured.

The modern theory of acid metallic corrosion is noased firmly on electrode kinetics. 50 ml of 1M IH@s
taken in a glass cell. The well-polished electrbde been introduced into the solution and the mldethas been allowed
to attain a steady potential value for 15 minuRstentiodynamic polarization curves for mild stegécimen in the 1M
HCI environment was recorded at a sweep rate of/$m¥ing Electrochemical Workstation Instrument delcCHI1760
(USA). Electrochemical impedance studies (EIS) ipoaverful technique for the characterization ofcelechemical
system. The electrochemical impedance studies eaaréd out in the same setup used for potentiotiymg@olarization
studies described above. We applied the ac pettarbsignal of 10 mV with in the frequency rangel®0 KHz to 1Hz.
All electrochemical impedance spectra were caroetdusing CHI760 (USA) instrument. The most comnegpuivalent

circuit used to corrosion of base metal in aciatetdyte is the Randles circuit.
Measurements of Corrosion Rate

The corrosion rates of mild steel in 1M HCI envimmnt were calculated in miles per year (mpy) frdra t

potentiodynamic polarization parameter by usingréiation.
Corrosion rate (mpy) = (0.129 %4 x EW)/ (D x A)
Where,
icorr — COrrosion current density (A / 6}n
EW — equivalent weight (g)
D — Density of mild steel specimen,A — Area of nstéel.
Determination of Inhibition Efficiency

Inhibition efficiencies of the inhibitors were calated from the potentiodynamic polarization cubyeusing the
following relation.

IE (%) = [(corr— icorr ) / lorr ] X 200
Where,

icorr - With inhibitor

icorr - Without inhibitor.

Inhibition efficiencies were also calculated frolne tweight loss measurement using the followingtiaia
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IE (%) = (Wo — Wi YWo

Where,

Wo — weight loss without inhibitor

Wi — weight loss with inhibitor
RESULTS AND DISCUSSIONS

The corrosion of mild steel in 1 M HCI medium cdntag various concentrations of AAP and its Sclhiffses
FAAP, SAAP and AAAP (20, 30, 40, 50, 60, 70 80 ppmgre studied by weight loss measurements. In dhge,

inhibition efficiencies (IE %) were calculated bypdying the following equation
IE (%) = (Wo — Wi yWo

Where, Wo and Wi are the weight loss of mild staelthe absence and presence of inhibitor molecule,
respectively. Figure 4-7 summarizes the inhibitidficiency (IE %) for the AAP and its Schiff basstsidied at different
concentrations. It is obvious from figures that @flthese compounds inhibit the corrosion of mitdesin 1 M HCI
solution at all concentrations used in this studg the inhibition efficiency was seen to increaséh increasing additive
concentration. At 50 ppm IE (%) attains maximum ddrof the studied AAP and its Schiff bases. Thus,deduce that
these inhibitors are the better inhibitor for thédnsteel and IE (%) was found to be in the follagiorder: AAAP >
SAAP > FAAP > AAP. The difference in their inhibié action can be explained on the basis of the ofpfeinctional
group present in the benzene ring which contribtaethe adsorption strength through the donor gocdmnd between
the non-bonding electron pairs and the vacantalsbiif the metal surface. As a result of this éfasdion and in order to
better understand the inhibition mechanism of Sdhifses, a detailed study using potentiodynamiarjmation and

electrochemical impedance spectroscopy were caoried

100
904

B0+
704
60 4
50 4
40
30 4
204
104
D_

& & &

inhibitors

inhibitation efficiency (%}

Figure 2
Potentiodynamic Polarization Studies

In order to better define the action of differedtives and concentrations on the corrosion proeeseries of

representative examples of Tafel polarization csiwwere recorded. Evaluation of inhibitor efficie#si(IE %) can also be
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performed through electrochemical experiments, hionsist of determination of Tafel curves. Fig@ehows the
potentiodynamic polarization curves for mild st@ellM HCI| absence and presence of various condiotiraf AAP.
Correction for IR drop was performed prior to txperiments although, due to the high conductivityhe acidic solution
and proper positioning of the Luggin capillarywias found to be unnecessary. As it can be seen,dagitodic and anodic
reactions of mild steel electrode corrosion wetdhited with the increase of AAP concentration M HCI acid. This
inhibitor suppressed the anodic reaction to greaxéznts than the cathodic one, in the case of 1Bl EHspecially at 50
ppm concentration. This result suggests that thiitiad of AAP reduce anodic dissolution and alstare the hydrogen
evolution reaction. Values of all potentiodynamaarization parameters such as Tafel sldpesndb, corrosion current
density {.on), COrrosion potentialE.,,) and corrosion ratebtained in uninhibited and inhibited acidic sabut are listed
in Table 2. The rate is calculated Ry, as described elsewhere [57]. It is seen that tlkitian of AAP decreaseis,,,
significantly for all the studied concentrationedio increase in the blocked fraction of the etat#rsurface by adsorption.
AAP can be classified as inhibitor of relativelyxadl effect (anodic/cathodic inhibition) in 1M HQhhibition efficiency
(IE %) increased with inhibitor concentrations andximum inhibition efficiency was obtained at a centration of 50
ppm and a further increase in the concentratiomndidcause any appreciable increase in performakieecan conclude
that the ability of the molecule to adsorb on ttomisurface is dependent on the position of the@gén atom on the pyrine
ring. The excellent behaviour of AAP previously damced in the weight loss measurements and impedsindy was
again confirmed. shows the potentiodynamic poléiorpacurves for mild steel in 1M HCI without and tivivarious
concentrations of Schiff bases FAAP, SAAP and AAARd the corresponding Tafel parameters are surnethin
Tables 3-5. Figure 10 shows the influence of variconcentrations of FAAP on the polarization bebaef mild steel in
1M HCI. It should be noted that with the additiditlee FAAP both the anodic and cathodic currentsitess decrease, the
anodic domain being more significant. The influen€&SAAP on the polarization behavior of steel iMIHCI at various
concentrations. Similar to FAAP both the anodic aathodic current densities decrease, the anoditaaobeing more
profound. shows the influence of AAAP on the pdation behavior of mild steel in 1 M HCI at variotsncentrations.
Both the anodic and cathodic current densitiessaemn to decrease. Addition of whichever compoundymres a positive
shift in the Ko, and as the concentration is increased the corrgmtential shifts to more noble values (Tablég.Both
the marked positive shift in the corrosion potdnéiad decrease in the anodic current density aaddétrease in the
cathodic current density, suggests these compoundst as mixed type inhibitors. The inhibitioniei#ncy follows the
order AAAP > SAAP > FAAP > AAP. The inhibition efficiency depends on manyttas including adsorption centers,
mode of interaction, molecular size and struct6849]. The effect of molecular size and structtae easily viewed from
the difference in the structure of AAAP with respecSAAP and FAAP. Another factor effecting théilsition capability

are the coordination sites of the compounds whe&kARA\has the highest coordination sites then therotbmpound.
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Table 2
ECO” icorr X 104
S.No | System | b (V) | ba(V) V) (A) Rate (mpy) | IE (%)
1 Blank 0.15 0.14 -0.5248 12.5863 5.753 -~
2 AAP 0.12 0.10 -0.510d 2.0826 0.9613 83.5p
3 FAAP 0.13 0.10 -0.5544 1.8200 0.864 85.58
4 SAAP 0.14 0.10 -0.5399 1.7482 0.799 86.111
5 AAAP 0.13 0.10 -0.5442 1.2880 0.5888 89.77

Potentiodynamic polarization curves of mild steelM HCI in absence and presence of AAP, FAAP, S/aiE
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Nyquist plots of mild steel in 1M HCI in abseng®lgpresence of AAP, FAAP, SAAP and AAAP
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Bode plots of mild steel in 1M HCI in absence gnelsence of AAP, FAAP, SAAP and AAAP
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Figure 7
Schematic represémeof adsorption of Schiff base at metal electrod
Adsorption Isotherm

Basic information on the interaction between thhkibitor and the mild steel surface can be provgdthe
adsorption isotherm and in general, inhibitors fimrction either by physical (electrostatic) adsmmptor chemisorption
with the metal. To obtain more information abowg thteraction between the schiff base moleculest@dnetal surface,
different adsorption isotherms were tested. Thetifvaal surface coveradeat different concentrations of AAP, FAAP,
SAAP and AAAP in 1 M HCI solution were determingdrh the potentiodynamic polarization measuremeata §24]

using the formula,

icorr ~icorr
0= _ (inh) @.1)
Icorr
Where, o and ioninn) are the values of corrosion current density of hitiited and inhibited specimens,

respectively.

e

Kc=—+
1-6

4.2)

Where, cis the concentration of the inhibita#,is the fractional surface coverage. The Langmuthisrm, Eq.
(4.2), which is based on the assumption that aflogation sites are equivalent and that moleculadibp occurs
independently from the fact whether the nearbyssii® occupied or not, was verified for all thed&d schiff bases. The

adsorption equilibrium constaHKtis related to the free energy of adsorpidbysas,
-AG

K= ! exp[ adsj
solvent RT

where, Goventfepresents the molar concentration of the solwehich in the case of water is 55.5 mol dnR is

the gas constant andig the thermodynamic temperature in K. The Langrnsaitherm, Eq. can be rearranged to obtain the

following expression,

1
=—+c¢C
K

o

So that a linear-relationship can be obtained anitipy cb as a function of ¢, with a slope of unity. The

Impact Factor(JCC): 2.3128- This article can be dowloaded from www.impactjournals.us |




| 62 Balaji.M, Chandrasekar.N, Sharmila.G & Manivannan.R |

thermodynamic parameters K anG,q4sfor the adsorption of the studied inhibitors ondhsiteel is obtained by Langmuir’s
adsorption isotherm and are given in. The negataees ofAG’, for the addition of inhibitors indicates that fhecess
of adsorption of studied inhibitors are spontandausature [25]. The free energy of adsorptiaGfy) of all the studied
inhibitors, in 1 M HCI was found to be equal to <26 kJ mol*, —11.54 kJ mot, -11.69 kJ mof and —12.10 kJ mdl,

respectively.

It is well known that values ofGagsin the order of =20 kJ mdlor lower indicate a physisorption while those
about —40 kJ mat or higher involve charge sharing or transfer fritva inhibitor molecules to the metal surface torfar
co-ordinate type of bond [25,26]. The calculatedaadtion values for the 4-amino antipyrine anddhiff bases show that
the adsorption is of physical in nature, and thiereo chemical interaction between the inhibitorlenale and the metal
surface. This indicates that the adsorption of ABRAP, SAAP and AAAP takes place through electriistiamteraction

between the inhibitor molecule and the metal serfac

Thermodynamic parameters for the adsorption of ABRAP, SAAP and AAAP in 1M HCI on the mild steel at

301 K
Table 3
Inhibitor K (10°M™Y) | 0Gaq (kJ molh)
AAP 1.74 -11.26
BAAP 1.74 -11.54
SAAP 1.74 -11.69
AAAP 1.74 -12.10
0.12
0.1
0.08 -
0061
3
= 0.04 1
0.02 -
O T T T T
0 0.002 0004 0006  0.008 0.01
Figure 8

CONCLUSIONS
The following conclusions were drawn from the pregsevestigation.

The inhibitive action of AAP and its Schiff baséA@QP, SAAP and AAAP) against mild steel corrosionHCI

environment was studied using weight-loss methoatergiodynamic polarization and electrochemical eadgnce
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technique.The presence of 4-Amino antipyrine arsd Schiff bases hindered the mild steel corrosionlih HCI

solution.The inhibition is due to the adsorptionimtibitor molecules on the mild steel surface dhacking its active
sites.AAP, FAAP, SAAP and AAAP inhibit both anodiod cathodic reaction by adsorption on the milélstarface.The

results obtained from weight-loss measurementseterdrochemical studies have the same tendencyhaydare in good

agreement.The impedance measurements indicataghiae additive concentration is increased therizakion resistance

increases where as the double layer capacitanceadss.
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