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ABSTRACT

Corrosion behavior of mild steel in 1M Sulphuriddawith an anti-bacterial agent, viz., Vancomycas corrosion

inhibitor has been studied by using mass lossendmdynamic polarization, electrochemical impetdan
spectroscopy and hydrogen permeation studiegh@de techniques reveal that inhibition efficiemmreases with
the increase in the concentration of antibacter@@ent. Polarization studies indicated that inhibitacted as

cathodic inhibitor. It was found that the adsoggtiof green inhibitor on the mild steel surfaceeyibg Langmuir

adsorption isotherm.
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INTRODUCTION

Mild steel is an important class of metals duetsodutstanding mechanical properties. It is widebgd under
different conditions in chemical and allied indiestrin handling acidic, alkaline and salt solutiohtld steel is
used in industries as pipelines for petroleum ibiless storage tanks, reaction vessel and cherbiééries [1].
Acid solutions are widely used in many industrisbqgesses like acid cleaning, pickling and descating to their
chemical properties [2-5]. Acids cause damagth¢osteel substrate, because of their corrosiver@iaSeveral
methods were used to reduce the corrosion oflmetaacidic medium, but the use of inhibitors isshwidely
employed[ 6-10].

Organic compounds are widely used as corrosiorbitdns for mild steel in acidic media [11-16]. dhate of

corrosion retards by adsorption of organic inhitsiton the mild steel surface. The inhibitors bltduk reactive parts
by replacing water molecules and form a dense dralaiyer on the metal surface. The majority of tinganic

inhibitors are toxic, highly expensive and non eoniment friendly. Research activities in recentetinare booming
on developing the cheap, non-toxic drugs as enment friendly corrosion inhibitors [17-21].

The aim of this study is to examine the corrosiastgrtion efficacy of vancomycin for mild steel mmsion in 1M
H,SO,. We came to know no concrete report is availabtettie use this compound as corrosion inhibitof ih
H,SO,. From the literature the higher concentration ofSE, acts as pickling solution for mild steel for
electroplating, battery electrodes using sulfurtaomng organic compounds. Use of these inhibitoréM H,SO,
will reduce the metal loss in acid medium. Thelzadterial drug is of glycopeptide antibiotic usedreat infections
in intestine. The inhibition efficiency of this egn inhibitor was monitored using mass loss measemg
potentiodynamic polarization studies, impedancérigpies, hydrogen permeation studies and diffulectance
methods.
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EXPERIMENTAL SECTION

2.1. Materials

Mild steel specimens of size 1x4 tmere used for weight loss and electrochemicalissudhe aggressive solution
of 1M H,SO, (AR Grade) was used for all the studies. Thebéotic namely vancomycin was purchased from the
medicine shop and used as such. The structurée afrtibiotics are given in the figure 1.

Figure 1. Structure of Vancomycin

The IUPAC name of Vancomycin is (1S,2R,18R,19R,23B,28R,40S)- 48- {[(2S,3R,4S,5S,6R)- 3-
{[(2S,4S,5S,6S)- 4- amino- 5- hydroxy- 4,6- dimdtxan- 2- ylloxy}- 4,5- dihydroxy- 6- (hydroxymethpxan- 2-
ylloxy}- 22- (carbamoylmethyl)- 5,15- dichloro- BB2,35,37- pentahydroxy- 19- [(2R)- 4- methyl- 2-
(methylamino) pentanamido]- 20,23,26,42,44- pentaox 7,13- dioxa- 21,24,27,41,43-
pentaazaoctacyclo[26.14.2.23,6.214,17.18,12.1291835.034,39]pentaconta 3,5,8(48),9,11,14,16, 49), (30,
32, 34, 36,38,46,49- pentadecaene- 40- carboxgiit a

Electrochemical experiments were cariedout usintpree electrode cell assembly with mild steel sasips
working electrode, 4cfrarea of platinum as counter electrode and HgB@g1M H,SO, as the reference electrode.
The surfaces of corroded and corrosion inhibiteldl isteel specimens were examined by diffuse reflem studies
in the region 200-700 nm using U-3400 spectrom@i®VIS-NIR Spectrometer, Hitachi, Japan).

2.2. Mass loss studies

The concentrations of inhibitor used for weightsl@nd electrochemical study were from 25%#0to 75x10*M.
Mild steel specimens of size 1x4 tnwere abraded with different emery papers and desga with
trichloroethylene. The cleaned samples were theshag with double distilled water and finally driadd kept in
the desicator. The mass loss study was carriedtawom temperature for 3 hours in 1M3,. The experiments
were performed in triplicate. The inhibition effecicy (IE %) was determined by the following equatio

Inhibition Efficiency (IE %) = (W-W, /Wg) X 100
Where W & W; are the mass loss values in the absence and peesEmancomycin.

2.3. Electrochemical studies

Potentiodynamic polarization measurements were doakin a conventional three electrode cylindrigiss cell,
using CH electrochemical analyzer. The solution \daaerated for 20 minute before carryout the pradion
studies. The working electrode was kept at itsason potential for 10 min. until a steady states\mehieved . The
mild steel surface was exposed to various condamsaof inhibitor in 200mL of 1M H2SO4 at room tparature.
The inhibition efficiency (IE %) was calculated ngithe equation.
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Inhibition Efficiency (IE %) = @-11/1) X 100
Where } and | are the corrosion current density withod with the inhibitor respectively.

The potentiodynamic current-potential curves wested by changing the electrode potential autorabiyi¢rom -
750mV to +150mV versus the open circuit poteniidle corresponding corrosion current{) was recorded. Tafel
plots were built by plotting E versus log I. Cotims Potential (E,), corrosion current density.¢}) and cathodic
and anodic slopeg{ andp,) were calculated according to known procedures.

Impedancaneasurements were performed in the frequency riange0.1 to 10000 Hz using amplitude of 20 mV
and 10 mV peak to peak with an AC signal at thenegiecuit potential. The impedance diagrams weottedl in the
nyquist representation. Charge transfer resistéRgeand double layer capacitance j@alues were acquired from
nyquist plot [25, 26]. The percentage inhibitiofi@éncy was calculated from the equation

Inhibition Efficiency (IE%) = (G - G’/ Cy)x100
Where G, and G’ are the corrosion current of mild steel with amithout inhibitor respectively.

2.4. Hydrogen permeation studies

The hydrogen permeation study was monitored usingdaptation of modified Devanathan and Stachwskivo
compartment cell as described elsewhere  [BEdrogen permeation currents were noted in theerad®s and
presence of inhibitors.

2.5. Diffuse reflectance spectroscopy
The surfaces of corroded and corrosion inhibitedt rsteel specimens were scrutinized by diffuseentfince
studies in the region 200- 700 nm using U-3400 speteter [UV-VIS-NIR Spectrometer, Hitachi, Japan].

RESULTS AND DISCUSSION

3.1. Mass loss studies

The values of inhibition efficiency (IE%),corrosioate (CR) and surface covera@je€alculated for vancomycin in
1M H,SQ, at different concentrations from the mass las éire summarized in the table-1. It is noticealvht
inhibition efficiency boosts with increase in tmibitor concentration. In addition the rate ofrosion has reduced
with increase in inhibitor concentration. Maximunhibition efficiency is obtained at 75xtM concentrations of
the inhibitor.

Table 1. Values of Inhibition Efficiency, Corrosia rate and Surface coverage for the corrosion of rd steel in 1M H,SO, in presence of
different concentrations of Vancomycin from mas$oss measurements.

Inhibitor Conc. (M) Inhibition Efficiency c o?/:;LZC:B]
Blank -
Vancomycin
25x10* 73.65 0.74
50x10* 87.99 0.88
75x10* 97.12 0.97

3.2. Potentiodynamic polarization studies

Polarization plots for mild steel in 1M ,80, containing different concentrations of green intubifor two
antibiotics are summarized in table -2. The valoksorrosion potential (&) , corrosion current densities4)),
anodic Tafel slopepf) ,cathodic Tafel slopepf) surface coveragé( and inhibition efficiency (IE%) were
calculated using polarization curves. Accordinghe results, corrosion currentq) value diminishes with
increase in the concentration of the Vancomycingdithe inhibition efficiency (IE %) and surface eoage §)
increases with increase in inhibitor concentrafionall the three antibiotics. The maximum inhibiti efficiency
was achieved at 75xV concentration of the inhibito. It has been obedrthat botta 4. are reduced, but the
values off.are decreased to a greater extent. This indicaétéshte compound behaved as cathodic inhibitor.
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Table 2: Electrochemical parameters and InhibitionEfficiency for corrosion of mild steel in 1M H,SO, obtained by Polarization method
in presence of different concentrations of vancongyn drug.

Inhibitor Ecorr | corr Ba Be Inhibiton Surface
Con. [MVvs [uAcm? [mV [mVv  efficiency coverage
[M] SCE] dec’] deci [%] [6]
Blank -390.18 545.14 825 1320 - -
Vancomycin

25x10° -337.27 144.33 67.6 123.2 73.52 0.73

50x10* -322.81 67.48 542 118.0 87.62 0.88

75x1¢* -314.4: 16.3¢ 516 82.( 97.0C 0.97

3.3. Electrochemical impedance studies

Values of charge transfer resistancg)(Bhd double layer capacitancej@erived from Nyquist plots are shown in
table 3. The values of Rare appeared to increase with increase in corat@ntrof inhibitors in 1M HSQ,. It is
cleared that values ofyCare fetched down by increasing concentrations bibitors in the acid. This can be
attributed to the dominant adsorption of the grieéibitor on the mild steel surface.

Table 3: Electrochemical parameters and Inhibitionefficiency for corrosion of mild steel in 1M HSO, obtained by Impedance method in
presence of different concentrations of vancomycidrug.

Inhibitor Ret Cal Inhibition Surface
Con.[M] [Qcnf] [Fcm? efficiency [%] coveragep]
Blank 30.z 0.47¢ - -
Cloxacillin
25x10° 110.8 0.125 73.52 0.74
50x1C* 162.( 0.06: 86.6: 0.87
75x10° 258.92 0.014 96.89 0.97
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Figure 2. UV Reflectance curves of mild steel in 1M k80, solution with various Concentrations of the inhilitor.
3.4. UV spectral reflectance studies

The reflectance plots for polished specimen, specirdipped in 1M KSO, and various concentrations of
vancomycin are given in the figure.2. The perceataf reflectance is maximum for polished mild staet it
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progressively diminishes for the specimen dippetiNhH,SO, solution. This observation unveils that the chainge
surface property is due to the corrosion of mikkktn acid. Also the reflectance percentage dl stethe presence
of green inhibitor is higher than steel as immelisellank. This endorses that the surface proparsteel has not
transformed further due to the formation of prdtextiayer on the mild steel surface. The reflectapercentage
declines with increase in thickness of the irtbibfilm formed on metal surface. A similar finditngiss been made
by Madhavan etal [29].

3.5. Adsorption isotherm and thermodynamic pararsete

The inhibitive action of inhibitor in extremely liglerent media is due to its adsorption on the hrmigace. The
degree of surface Coverag® for different concentrations of vancomycin in 4SO, has been calculated from
mass loss, polarization and electrochemical impeelatudies. The attained data was tested graphfoalfitting
suitable isotherm [30-32]. Almost a straight lin@saobtained by plotting log (@/ Vs log C shown in Figure-3,
which demonstrates that the adsorption of thesgpoamds on steel surface observes Langmuir adsoristidherm.
The Langmuir isotherm for the adsorbed layers\emiby the equation [33],

Cinn/0 =1/Kags *+ Gan

Where Ky is the equilibrium constant of the adsorption/dpgon process. Adsorption equilibrium constantdK
and free energy of adsorptionG’,qJ were calculated using the equatiin

Kags 1/Cinh X 0/1-6
AG’,4s = -2.303RT log [55.5K]

Where 55.5 is the molar concentration of waterdhution [35]. R is the gas constant, T is the terapee. The
values of adsorption equilibrium constant,jk and free energy of adsorptionG’,qd are given in table-4. The
negative values oNG’,4J pointed out that adsorption of inhibitor is spam¢ous process. It is reported that values
of [AG%q{ is of order 20 kJmd! or lower indicates a physisorption, those of omfer40kJmot* or higher involve
charge sharing or transfer from the inhibitorshe metal surface specifies a chemisorptions §6The values of
free energy of adsorptiomG’.sd in our experiment lies in the range -28 to -3ankl®, signifying that the
adsorption is not a simple physisorption, but ityrnantain some other interactions [39].

Table 4: Gibbs free energy parameters and adsorptioequilibrium constant [K] of green inhibitor at various temperatures evaluated by
weight loss method.

Vancomycin
A0 T
Temperature (K) Kads AG age (kImol)
313 955 28.27
323 1188 29.82
333 1364 31.16

3.6. Hydrogen permeation measurements

Hydrogen permeation currents are recorded 8@ in the absence and presence of vancomycin drug. Sthdy
has been taken up with a plan of selecting thebitdrs with a view to their effectiveness on theskening of
hydrogen uptak&. The values of permeation current with respecine fare given in table-5.

The inhibitor brings down the permeation currenti® extent of 50%. Thus a definite correlatiorsexbetween the
corrosion inhibition efficiency and the extent efluction in the permeation current of this compounid a known
fact that lowem; value for an inhibiting compound, the smallertie torrosion and hydrogen ingress on the metal.
An increase in th@; value, leads to rise in the energy barrier fot@madischarge and increase in the evolution of
hydrogen. This in turn leads to higher entry of teggbn through the steel surface .

3.7. Mechanism of corrosion inhibition

The adsorption of vancomycin  onto the mild staaiface is found to be majorly physical in naturbysical
adsorption is a process of electrostatic attradietveen charged species in the solution and thal swaface. If the
metal surface is positively charged, the adsorptibnegatively charged species is facilitated. fadiy charged
species can also adsorb on the positively chargetdlsurface with the help of negatively chargerimediate,
which adsorb first on the positively charged metaface and allows positively charged species sowdon it.
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Table 5: Values of permeation current for mild steéin 1M H,SO, and in presence of green inhibitor with respectd change in time

Permeation Current (LA)
Time (min.) 1M H,SO; Vancomycin

0 10.8 3.1
5 11.2 4.t
10 12.0 4.9
15 12.3 51
20 12.¢ 54
25 12.9 5.4
30 12.9 54
35 12.¢ 54
40 12.9 54

Thus the adsorption of vancomycin may take pladevondifferent ways as

(i) The protonated vancomycin in acid solution may dunsalectro statically to the anion covered mildeste
surface through their protonated form.

(i) The inhibitors may compete with acid anions for sites at the water covered surface and adsortobgtihg
electrons to the mild steel surface [40- 42].

CONCLUSION

1. The use of Vancomycin antibiotic as green corrosidibitor in 1M HSO, was thoroughly studied using mass
loss, potentiodynamic polarization, impedance mesamants and hydrogen permeation studies.

2. The adsorption of green inhibitor on mild steelface follows Langmuir adsorption isotherm. The ag8on of
compounds on steel surface is further confirmediffyse reflectance spectra .
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