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Abstract

Bakery waste-egg shell extract was tested fonhghitory effect towards mild steel in
0.5 M HSQ, solution. The corrosion behavior of the egg shetract on mild steel (MS)
was investigated using weight loss experimentsrizattion and impedance measurements.
It was found that the egg shell extract has godibitive action, showing 97.8% efficiency.
Inhibition efficiency increased with increasing centrations of the egg shell extract.
Temperature studies were conducted to evaluatkitiedic and thermodynamic parameters.
The corrosion inhibition takes place via monolaygpe of adsorption on MS surface.
Experimental results are fitted into various ads@p isotherms. Tafel polarization studies
revealed the mixed mode of inhibition of the eggjl @xtract. Electrochemical impedance
results also confirmed the inhibitive nature of #gg shell extract. The results obtained
showed that the extract of the egg shell could eseas an effective, zero cost,
environmentally friendly inhibitor for the corrosicf mild steel in sulphuric acid medium.
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I ntroduction

Mild steel is a structural material of choice tdbriaate various reaction
vessels, pipes, tanks and so on in sugar, petrachkrrewery, food, paper, textile
and marine industries. Mild steel suffers from seveorrosion in aggressive
environment, which needs to be protected. The ipigkldescaling and chemical
cleaning are processes in which metals are sulj¢ot@ggressive acids like HCI
and HSO,. In such cases, conditions must be created soo awintimize the
dissolution of the base metals after scale remoAshassi-Sorkhabistudied the
inhibition effect of amino acids (alanine, glycirdeucine) against steel corrosion in
HCI solution. Keny et a.explained that gallic acid acted as an effectiveasion
inhibitor. According to Loto et &.cashew juice extract was used as a corrosion
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inhibitor for mild steel in acid medium. This caa bchieved solely with the use of
corrosion inhibitors, which are mostly organic caupds.

Corrosion inhibition is a surface process with #jge@dsorption of inhibitor
on the metal surface. In recent years, attempte ha&en made to understand the
nature of interaction between the inhibitor andahstirface in terms of adsorption
isotherm. The knowledge of the adsorption behawidhe inhibitor is important for
the definition of its active mechanism. For thisgen, the dependence of surface
coverage on concentration is studied through these adsorption isotherms;
Langmuir [(log6/1- 6) vs log C] and Temking(vs log C).

According to Shreif, the cost is one of the relevant points if anhitbr to control
corrosion in a process is to be adopted. A.Y. E¢Et a’ proved that the aqueous extract
of the leaves of henna (lawsonia) acted as a gaorbsion inhibitor. The degree of
inhibition depends on the nature of metal and tgpenedium. The inhibitive action is
mostly due to the products of the hydrolysis of tein content of the plafits
Researchers have been carried out on the inhigitiagerties of some naturally occurring
substances® and industrial byproducts *® which can be easily obtained from cheap
resources. Corrosion inhibition was studied witle #xtracts ofThespesia populnéi
Sesbania grandifloraseed®, Ficus benghalensidark®, Psidium gujava(bark) and
Callistemon(leavesy, Canavalia ensiformf$, Phaseolus aureus seétistc. The natural
inhibitors studied have been found to be highly-gmmdly and possess no threat to the
environment.

The inhibitive nature of amino acids was studieddbgullah and Vit&. The mixture
of amino acids is a promising inhibitor for milcest corrosion. The lone pair of electrons
available on the N, O and Sulphur atoms preserihénamino acid might have readily
formed co-ordinate bond with the empty d orbitairoh. Thus, they form a thin film on the
metal surface preventing the dissolution of theaindthe adsorption of the constituents is
further confirmed by the adsorption isotherm, negafree energy and exothermic nature of
adsorption. Due to the presence of mixture of arairids the inhibition was more effective.
In acidic medium, some of the amino acids are ptess cations and some as anions
depending on their iso-electric point. The catiansl anions get adsorbed on the cathodic
and anodic sites respectively on the metal surfébis. type of inhibition process will help
in the enhancement of protecting ability of therastt understudy.

Furthermore, the egg shells mostly contain calczarbonate. On heat processing
with acid, calcium carbonate becomes insolubleiwamxide. Thus, the extract is rich in
various amino acids constituents like alanine,rangi, ash, aspartic acid, CaCO3, calcium,
crude fat, cystine, glutamic acid, glycine, histeli isoleucine, leucine, lysine, magnesium,
methionine, phenylalanine, phosphorus, potassiumojing, protein, serine, sulphur,
threonine, tyrosine, valine and water adapted frammal by-product processing and
utilization™. Therefore, in the present investigation, effans taken to study the inhibitive
action of the extract of egg shell as an ecofrigridéro cost” corrosion inhibitor for mild
steel in 0.5 M sulphuric acid.
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Experimental M ethods

MS specimen of chemical composition C-0.081, Mr86,2Si-0.016, P-0.032, S-
0.014, Cr-0.021, Mo0-0.019, Ni-0.016 and remainirmpiwas cut into pieces of area 5x1
cnt. The specimens were polished mechanically, degteasleaned successively in
deionized water, dried, stored in a dessicatorwus®dl for all studies. The experiment was
carried out in 0.5 M sulphuric acid.

The egg shells were collected from a nearby bagleop and air dried. About 25 g of
the shells were weighed and refluxed in 500 ml.6fNd sulphuric acid for 3 h. It was kept
overnight and filtered to get 5 % extract.

The weight loss method was used to monitor theosarn rate. In this present
work, pre-weighed coupons were immersed in tripdicaith the help of glass hook
into a beaker containing 100 ml of acid with andheut inhibitor for a particular
period of time. The coupons are then washed, daiedl reweighed. The average
weight loss of the coupons was recorded. The exgeris were carried out varying
different parameters like concentration (0.05-0.5 ine of immersion (1/2, 3, 6,
12 and 24 h) and temperature (303-353°K). The péage of inhibition efficiency
and surface coverage were calculated using equafigrand (2), respectively.

Inhibition efficiency (%) = ((W-W)/Wp) x 100 (1)
Surface coveragd®) = (Wo-W)/W, (2
where, W is corrosion rate without inhibitor in g, W is casion rate in inhibitor in g

The change in free energiG) of adsorption of the inhibitors can be calcudabgy
using equation (3Y'.

log C =[logb / (1-0)] - log B 3)

where, log B = -1.74 AG/ 2.303 RT),6 is the surface coverage, C is the
concentration the inhibitor, R is the gas cons(8®14 J/mol) and T is the temperature in
K.

The values of enthalpy of adsorptiail and entropy of adsorptiohS were
obtained from the basic thermodynamic equation,ithaibbs Helmholtz equation,
AG =AH — TAS. A plot of AG versus T gives a straight line with intercapt and
slopeAS.

The activation energy at different concentrationtled inhibitor at various
temperatures was determined by plotting log CR AIs(Arrhenius plot) and from
the slope of the plot, activation energy)(fas calculated using the formula of £
—2.303 x R x slope of the Arrhenius plot.

The most commonly used techniques like potentioghyogolarization method, linear
polarization resistance method and electrochenmepédance spectroscopy (EIS) method
have been used to measure the corrosion rate inpragent investigation. Solartron
electrochemical measurement unit - 1280B model used with software package of
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Corrware and Z plot. The system includes a potstaippersonal computer and frequency
response analyzer. The electrochemical measuremeants performed in a typical three-
electrode system consisting of the MS specimen akimg electrode (WE), platinum
electrode as counter electrode (CE) and a satucatethel electrode (SCE) as the reference
electrode. The electrode potential was allowed tabikze for 1 h before starting the
measurements. All the experiments were carried autroom temperature. For
potentiodynamic polarization studies, mild steeégmens coated with lacquer with an
exposed area of 1éwas used.

Impedance measuremeni&re carriedout at corrosion potential (&). The A.C.
amplitude of 10 mV was applied and the frequency vaied from 10 kHz to 10 mHz. The
real and imaginary parts of the impedance werequadn Nyquist plot. From the Nyquist
plots and Bode plots, the charge transfer resist@Rg and double layer capacitance;JC
values were calculated. Values of corrosion curweste obtained by Tafel extrapolation
method. In Tafel extrapolation method, plots wpfvs log current were made and an
extrapolation of linear portion to the corrosiortgrdial gave the corrosion current and the
slope of the linear portion of the anodic and cdibhaurves gaveand b, respectively. R
was obtained from the linear polarization resistaturves.

Results and Discussion

The inhibition efficiency of the extract dependstbe concentration of the extract,
time of immersion and temperature. Results indetatsignificant decrease in the corrosion
rate with 0.1 to 0.5 % extract of egg shell. Theximam inhibition efficiency is 97.8 %
with 0.5% concentration of the extract. At all tdatations 0.5 % extract showed maximum
efficiency Figure ). It may be due to the increase in the surfacem@me of MS with the
inhibitor. As the time of immersion increases fr@f@ to 12 h, the IE also increases from 83
to 97 % at 0.5% concentration. There is a slightrelgse in IE after 12 h. This may be
explained due to increase of adsorbed of inhibmmiecules on MS surface with time.
Prolonged immersion may result in desorption ofakieact from MS surface.

As the concentration of the extract increases]Ehiacreases for all the temperatures
(Figure 3. To determine the energy of activation and thetlynamic parameters, weight
loss measurements were carried out from 303-353Ka@rabsence and presence of various
concentrations of the egg shell extract. As thepenature increased from 303 to 323K, the
IE also increased from 83 to 88 % at 0.5 % cone#iotr. After 323K, IE decreased with
increasing temperature. This may be explained asrption and desorption of inhibitor
molecules continuously occur at the metal surfakegjuilibrium exists between these two
processes at a particular temperature. With thee@se in temperature, the equilibrium
between adsorption and desorption process is didszling to a higher desorption rate than
adsorption until equilibrium is again establishéa different value of equilibrium constant.
This explains the lower IE at higher temperature.
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Figure 1: Changes of inhibitor efficiency as a function oficentration of the egg shell
extract at various periods of immersion.
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Figure 2: Changes of inhibitor efficiency as a function ahperature and concentration of
egg shell extract.

A plot of log @/ 1- 0) vs log C gave a straight line. This result deni@ted that the
inhibition of MS using the egg shell extract wasilatited to adsorption of this extract on
MS surface. It also confirms the monolayer adsorptA plot off vs log C gave a straight
line. This indicates the system also obeys Tem#ésogption isotherm. Energy of activation
(Ey value was evaluated from Arrhenius equationhigresence of egg shell extract the E
values of the inhibitor system was found to be aigthan that of the uninhibited system
(Table 3. The high Evalues indicated an efficient inhibiting actiontbé& inhibitor. Higher
activation energy for the corrosion process ingresence of inhibitor leads to a conclusion
that probably the inhibitor is found to be adsorlmedthe surface by specific adsorption
process.

Thermodynamic parameters likeG, AH and AS for adsorption of inhibitor were
calculated and presented ifable 1 The change in free energy values indicate the
interaction of inhibitor molecules on mild steelfsge and a spontaneous adsorption of the
inhibitor on the metal surface. The valuesAd and AS infer that the adsorption of egg
shell extract on MS is enthalpic and entropic callgd.
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Electrochemical measurements were carried out usiegelectrochemical analyzer
Solartron 1280 B. Electrochemical techniques swlireear polarization, Tafel intercept
method and electrochemical impedance spectroscepy varried out. The values of Tafel
constants pand B, corrosion current density.{}) and corrosion potential (&) and IE are
given inTable 2 It is inferred thatg, decreases with increase in concentration of egth sh
extract in acid medium. This result confirms théilntive action of egg shell extract in
0.5M HSQ,. Inhibition efficiency calculated using,i was found to be maximum at 0.5%
concentration. The values of Tafel constantarl i with respect to the blank, indicate that
the inhibitor under study behave like a mixed tygebitor.

Table 1: Values ofdG, 4H and 4S for various concentrations of egg shell extractrhild
steel in 0.5 M ESQ.

CONC. Activation Heat of Entropy
(%) Energy (Ea) Free Energy of Adsorption Adsor ption Change
K J/mol ()AG (-AH) (AS)
KJ/mol KJ/mol J/mol
303 313 323 333 343 353
Blank | 35.40881 - - - - - - -
0.05 47.19579 18.2820.28| 19.39| 20.05| 19.26| 19.53 15.85 11
0.10 61.30723 17.2p20.03| 19.13| 18.56| 17.62| 17.87 23.00 14
0.15 59.7678 16.3019.24| 19.35| 18.31| 16.73| 16.97 22.70 14.91
0.20 59.02872 16.4p18.50| 18.75| 17.99] 16.18| 16.20 25.94 26.2
0.25 59.6376 16.5017.91| 19.01| 18.23| 15.50| 15.63 28.71 35.31
0.30 59.98417 16.1p17.45| 18.20| 17.77| 15.00| 15.41 27.17 32.09
0.35 61.72847 15.7p17.22| 18.08| 17.84| 14.63| 14.88 27.83 34.89
0.40 61.86442 15.8817.02| 17.99| 17.47| 14.54| 14.79 28.60 37.6
0.45 63.71403 15.7617.03| 18.02| 17.50| 14.58| 14.51 29.46 40.34
0.50 67.62388 15.8f17.27| 17.89| 17.56| 14.54| 14.26 31.76 47.34
Table 2: Electrochemical parameters of MS in the presenceggf shell extract in 0.5 M
H,SQ.
S.No. |Concentration of | i x 102 ba be Ecorr IE
I nhibitor (mA/cm?) | (mV/dec) | (mV/dec) | (mV/sec) (%)
1 Blank 6.488 182 166 -517 -
2 0.1% 3.072 153 133 -492 52.65
3 0.2% 1.980 186 143 -570 69.48
4 0.3% 1.785 176 123 -503 72.48
5 0.4% 1.459 180 130 -513 77.5:
6 0.5% 1.244 157 10¢ -519 80.8:

Linear polarization resistance (LPR) in the preseaicd absence of egg shell extract
are presented in theable 3and Fig. 3 (a) It is clear that the value of,Rncreases with
increase in concentration of the egg shell extrBetsults of Tafel polarization and LPR
infer the effectiveness of egg shell extract on $aface. With increase in concentration of
egg shell extract the charge transfer resistankee (&) increased. The maximum IE was
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found to be 69.15% at 0.2% concentration in thegmee of egg shell extract. The decrease
in double layer capacitance{Owith increase in concentration of egg shell ecttradicates
the adsorption of the compound on the metal surfaeble 3infers that the surface
coverage ) was found to be 0.6413 at 0.2% concentrationefyg shell extract. The IE
obtained usingcr, R, , Ry and G are represented in th€able 3 and graphically
represented ifrig. 3(b)

Table 3: Tabulation of B , R,, Gy and their respective IE in presence of egg shethbet.

S. No. Conc. Rq IE Rp IE Ca 0
(%) (Q cm? (%) (Q fem? (%) | (nFcm?
1 Blank 15.1 - 4.2 - 1.96 -
2 0.1% 35.81 57.83 4.3 0.93 0.966 0.5071L
3 0.2% 48.9 69.15 5.3 19.62 0.703 0.6413

Impedance diagrams have a semicircular appearandeitaindicated that the
corrosion of mild steel is controlled by chargensfer process. From the electrochemical
measurement, it was clear that egg shell extraattiag profoundly as an excellent inhibitor
to reduce acid corrosion on MS surface.
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Figure 3: Potentiodynamic polarization (a) and nyquist plat €orrosion of mild steel in
presence of inhibitor egg shell extract.

Conclusions

Bakery waste—egg shell extract has shown a remiarkasformance as an inhibitor
for mild steel in HSO, solution. The inhibitor used in the present stualjofved Langmuir
adsorption isotherm which indicated the monolayemation. Thermodynamic parameters
confirm the strong interaction between the egg Ishgtract and mild steel surface.
Polarization curves obtained in the presence ofetkteact indicate that it controls both
anodic and cathodic reactions and behave as a ntiysal inhibitor. Electrochemical
impedance spectroscopy studies also revealed hlikatdrrosion of the MS in 480, is
controlled by charge transfer process.
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