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ABSTRACT

The inhibition ability of chitin (CH) for carbon el corrosion in a 1.0 M HCI solution at 298K wdsdied by
means of weight loss, potentiodynamic polarizatiod electrochemical impedance spectroscopy (El@jnique.
Polarization curves revealed that CH is a mixedetyphibitor. EIS results show that the change ia ittnpedance
parameters (Rand G) with concentration of CH is indicative of the adstion of molecules leading to the
formation of a protective layer on the surface afbon steel. Results showed that CH is a good itdriffor the
corrosion of carbon steel in 1.0 M HCI solution aimthibition efficiency is higher than 96% at 1x1® of CH.
Results indicate that the inhibition efficienciesreased with the concentration of CH. Adsorptiérthe inhibitor
on the carbon steel surface followed Langmuir aggon isotherm and the value of the free energgdsforption,
AG,gsindicated that the adsorption of CH molecule waspantaneous process.
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INTRODUCTION

Chitin is naturally produced polymers in many cagstous; arthropods and cephalopods as well agtaircéungi

forming the principal fibrillar polymer of their tevalls, thus coming after cellulose in its abundas [1]. It can be
extracted from shrimp shells by chemical and bimalgmethods with an advantages goes to biologinak [2-5].

In fact chitin has many pharmaceutical and biomeddipplications, due its biodegradability [6-10].

Corrosion may be defined as a destructive phenonuér@mical or electrochemical, which can attack er@gal or
alloy through reaction by the surrounding environtrend in extreme cases may cause structural éaiCorrosion
can be also defined as the deterioration of mateyiaieaction to its environment. The corrosionwschecause of
the natural tendency for most metals to returméir tnatural state. The importance of corrosiodistuis two folds.
The first is economic; the second is conservatapplied primarily to metal resources. Corrosiontoancan be
achieved by many methods, from which the use afos@wn inhibitors is one of the most effective aitgives [11].
An examination of the literature on corrosion intobs reveals that most organic inhibitors contaitrogen,
oxygen, sulfur and/or aromatic ring in their moliecustructure [12-24]. The target of this work & study the
inhibition action of chitin (CH), on the corrosiaf carbon steel in hydrochloric acid. Weight loskectrochemical
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impedance spectroscopy (EIS) and potentiodynamlarigation measurements, were used for the studhe T
molecular structure of chitin is shown in Fig. 1dve

-

I_.

Figure 1. Structure of Chitin (CH) molecule

MATERIALS AND METHODS

2.1. Materials

The steel used in this study is a carbon steel (E&onorm: C35E carbon steel and US specificat®hE 1035)
with a chemical composition (in wt%) of 0.370 %0230 % Si, 0.680 % Mn, 0.016 % S, 0.077 % Cr, D®LTI,
0.059 % Ni, 0.009 % Co, 0.160 % Cu and the remaiinde (Fe).

2.2. Solutions

The aggressive solutions of 1.0 M HCI were prepdmedilution of analytical grade 37% HCI with dikd water.
The inorganic compound tested is Chitinig0sN),. The concentration range of this compound wa$ tb010’
M.

2.3. Weight loss measurements

Coupons were cut into 2 x 2 x 0.08 mimensions are used for weight loss measureméhisr to all
measurements, the exposed area was mechanicadlgleabwith 180, 320, 800, 1200 grades of emery gafdre
specimens were washed thoroughly with bi-distilledter, degreased and dried with ethanol. Gravimetri
measurements are carried out in a double wallessgtall equipped with a thermostated cooling cosdernlhe
solution volume is 80 mL. The immersion time foe theight loss is 6 h at 298 K.

2.4. Polarization measurements

2.4.1. Electrochemical impedance spectroscopy

The electrochemical measurements were carried sing \volta lab (Tacussel- Radiometer PGZ 100) paistate
and controlled by Tacussel corrosion analysis saiwmodel (Voltamaster 4) at under static conditidhe
corrosion cell used had three electrodes. The eefer electrode was a saturated calomel electroG&)(SA
platinum electrode was used as auxiliary electafdgurface area of 0.094 énThe working electrode was carbon
steel. All potentials given in this study were reéel to this reference electrode. The working eteltt was
immersed in test solution for 30 minutes to a dthlsteady state open circuit potentiab¢p). After measuring the
Eocp, the electrochemical measurements were pertbriieelectrochemical tests have been performederated
solutions at 298 K. The EIS experiments were cotetlin the frequency range with high limit of 108Z&and
different low limit 0.1 Hz at open circuit potealti with 10 points per decade, at the rest poterafter 30 min of
acid immersion, by applying 10 mV ac voltage peadpeak. Nyquist plots were made from these experisnd he
best semicircle can be fit through the data pdimthe Nyquist plot using a non-linear least squdrso as to give
the intersections with theaxis.

The inhibition efficiency of the inhibitor was calated from the charge transfer resistance valws#sguthe
following equation [25]:

n,% = M x100
p(inh) 1)
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where, R, and R, ¢.,n were the values of polarization resistance in theeace and presence of inhibitor,
respectively.

2.4.2. Potentiodynamic polarization

The electrochemical behaviour of carbon steel sanmpinhibited and uninhibited solution was studigdrecording
anodic and cathodic potentiodynamic polarizatiorves. Measurements were performed in the 1.0 M $t@ltion
containing different concentrations of the testaibitor by changing the electrode potential auticadly from -
800 to -200 mV versus corrosion potential at a seda of 1 mV 3. The linear Tafel segments of anodic and
cathodic curves were extrapolated to corrosion nii@ieto obtain corrosion current densitids,f). From the
polarization curves obtained, the corrosion curfgpt) was calculated by curve fitting using the equatio

_ [2.%5} {2.335}
I =1, |exp - ex
ﬁa ﬁc

The inhibition efficiency was evaluated from theawered,,, values using the relationship:

()

/7 %: Icorr _Iéorr xloo
Tafel °

corr (3)
i

where, " and |°°” are the corrosion current density in absence apskpce of inhibitor, respectively.
RESULTS AND DISCUSSION

3.1. Electrochemical impedance spectroscopy measmts

The impedance spectra for carbon steel in 1.0 M $t@ition without and with various concentratiofisCé1 are
presented as Nyquist plots in Fig 2. From thestspthe impedance response of mild steel has &gnify changed
on addition of the CH. For analysis of the impedasigectra containing a depressed capacitive secte {26].
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Figure 2. Nyquist diagrams for C38 steel electrodeith and without CH at E .o after 30 min of immersion

The depression in Nyquist semicircles is a feafaresolid electrodes and often referred to as feaqy dispersion
and attributed to the roughness and other inhonitigerof the solid electrode [27,28]. Increasing thhibitor

concentration will increase the size of the curiedijcating the time constant of the charge tranafed double-
layer capacitance [29]. This behaviour shows treogation of CH on carbon steel surface. It is &amd that from
the Nyquist plots, even with the addition or abseatinhibitor does not alter the style of impedartrves, thus
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proposing a similar mechanism of inhibition is ifwed. The impedance parameters derived from théss pre
given in Table 1. As noted from Table 1, the pdatibn resistances values containing inhibitor tariglly
increased along the concentration compared tovtlihout inhibitor. It is also clear that the valag Cy decreases
on the addition of inhibitor, indicating a decreasehe local dielectric constant and/or an inceemisthe thickness
of the electrical double layer, suggesting thebitbr molecules function by the formation of thefgrctive layer at
the metal surface.

Table 1. Electrochemical Impedance parameters forarrosion of steel in acid medium at various contestof CH

Inhibitor | Con. (M) | Ri(Q.cn?) | Ca(uF/cnd) | n, (%)
Blank 0.00 12 88.46 -

10* 310 7.02 96.12

CH 10° 15C 10.9( 92.1(

10° 78 25.51 84.61

107 49 38.23 75.51

3.2. Polarization curves

Fig.3 shows the potentiodynamic polarization curatter the addition of corrosion inhibitor CH. Imesy curve, it
is observed that the current densities of the anadd cathodic branch are displaced towards lowsreg. This
displacement is more evident with the increaseoincentration of the corrosion inhibitor when conguhto the
blank material.
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Figure 3. Potentiodynamic polarization curves of C8 steel in 1M HCl in the presence of different corentrations of CH

The corrosion parameters extracted from polarinatiorves containing corrosion current density, corrosion
potential E..r), the cathodic Tafel slopebd), inhibition efficiency {rare; %) have been calculated as a function of
CH concentration according to equation (3) [30, &1d have been presented in Table 2. From taltheZ;orrosion
current density decreased with the increase ofrthibitor concentration and E % showed the oppdséed which
indicated that the inhibitor suppressed the casteal corrosion in 1.0 M HCI solution. The preseat€H resulted

in no definite trend in the shift &.,,, compared to that in the absence of CH, howeverdibplacement ik, is <

85 mV. These results indicated that the presenc€hbfinhibited both iron oxidation and hydrogen euan,
consequently CH can be classified as mixed comogibibitor [32-34] with the inhibitory action caed by a
geometric blocking effect [35]. In addition, thehihitory action was due to a reduction of the riacarea on the
surface of the corroding metal [36].
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Table 2. Electrochemical parameters of C38 steel aarious concentrations ofCH in 1M and corresponding inhibition efficiency.

Inhibitor | Conc. (M) | -Ecor (MV/SCE) | lcor (MA/CM?) | -be (MV/deC) | rare (%)
Blank 0.00 492 226 158 -
10* 530 12 118 94.69
CH 10° 497 20 140 91.15
10° 454 4k 182 80.0¢
107 442 64 183 71.68

3.3. Weight loss measurements

3.3.1. Effect of concentration

Weight loss experiments were done according tavibthod described previously [37]. Weight loss meaments
were performed at 298 K for 6 h by immersing theboa steel coupons into acid solution (80 mL) withand with
various amounts of inhibitor. After the elapseddjnthe specimen were taken out, washed, dried aighed
accurately.

The inhibition efficiency (4.%) and surface coverage) (vas determined by using following equations:

po %= x100
Yo (4)
W, = W
g="o
Vo ©)

where, w and w are the weight loss value in the absence and pees# inhibitor.

Initially carbon steel corroded at higher rate kidabut presence of inhibitor retarded the cormesiate and
remarkable improvement in inhibition efficiency washieved (Figure 4). It was observed from Figuréhat
corrosion rate was decreasing with increasing itdritconcentration whereas inhibition efficiency svacreased
with increasing amount of inhibitor. From datadi$tin Table 3 decreased value of weight loss wéisatb with
increasing concentration of inhibitor due to inae@d surface coverage which can be accounted finitink action
of inhibitor.

Table 3: Effect of CH concentration on corrosion déa of carbon steel in 1.0 M HCI

Conc Cr

Inhibitor (M) (mg cm? hl) Hwe (%) 0
Blank 1.0 1.0023 - -
10° 0,02796 97.21 0,9721
CH 10° 0,09161 90.86 0,9086
105 0,1739¢ 82.6¢ 0,826¢
10’ 0,26540 73.52 0,7352

3.4. Adsorption isotherm and thermodynamic

The action of an inhibitor in aggressive acid mediassumed to be due to its adsorption at the lfseiiaion
interface. The adsorption process depends on #wrehic characteristics of the inhibitor, the matwf metal
surface, temperature, steric effects and the vgrgiegrees of surface-site activity [38,39]. In fdbe solvent KD
molecules could also be adsorbed at the metalisolumterface. Therefore, the adsorption of organigibitor
molecules from the aqueous solution can be cormides a quasi substitution process between theniorga
compounds in the aqueous phaseQyand water molecules at the electrode surfaga i, [40]:

Org(sol) + XHz Qadsg < XHz Qsol) + OrQads (6)

where, X is the size ratio, that is, the numbewrater molecules replaced by one organic inhibitor.
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Figure 4. Variation of inhibition efficiency and carosion rate in 1M HCI on C38 steel surface withoutand with different
concentrations of CH

The type of the adsorption isotherm can provideitaniél information about the properties of the teels
compounds. In order to obtain the adsorption igoth¢he degree of surface coveragg df the inhibitor must be
calculated. In this study, the degree of surfaceermge valuestf for various concentrations of the inhibitor in
acidic media have been evaluated from the weiglgt tneasurements and listed in Table 4. Attempte wede to
fit the 8 values to various isotherms, including Langmueirikin, Frumkin and Flory-Huggins. By far, the bfisis
obtained with the Langmuir isotherm. Langmuir ags¢ion isotherm is described by the following eqoas:

7
= Kadscinh
By rearranging this equation:
% = i + Cinh
0 Kads (8)

where, G, is the inhibitor concentration,kis the adsorption equilibrium constant anid the surface coverage.
Fig.5 shows the plots of Cirthiersus G, and the expected linear relationship is obtair@ddH. The strong
correlations (R= 0.9995) confirm the validity of this approactheTslope of the straight line { has been found
to be 4.85 x1OM™ (Table 4) suggesting that the adsorbed inhibitotecules form monolayer on the carbon steel
surface and there is no interaction among the adsgoinhibitor molecules [41]. On the other hand thlatively
high value of adsorption equilibrium constant refdethe high adsorption ability of CH on carbonebteurface

[42,43]. The standard free energy of adsorpt%rgé“) can be given as the following equation:

A(szujs == RTLT(555 l&ds) (9)

where, R is the gas constant (8.314riol™), T is the absolute temperature (K), the valué® %the concentration
of water in solution expressed in 1 M [44].
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Table 4. Thermodynamic parameters for the adsorptia of CH in 1.0 M HCl on the carbon steel at 298K

Inhibitor Slope K ags(M R? Gc
p ads(M™) 2ds (k3/mol)
CH 2.06075x10 4.85x16  0.99 -48.068

The AGadSvalue is calculated as -48.068 kJ tholGenerally, the values &Gads up to -20 kJ mot are consistent
with the electrostatic interaction between the ghdrmolecules and the charged metal (physical ptisoy while
those more negative than 40 kJ thatvolve sharing or transfer of electrons from thkibitor molecules to the

metal surface to form a co-ordinate type of bordefeisorption) [45,46]. In this study, the value % ads g
slightly negative than -20 kJ mblwhich suggests that the adsorption mechanisrheofdH on steel in 1.0 M HCI
solution is mainly the physical adsorption [47-48]lowever, adsorption of inhibitor molecules is moerely
physisorption or chemisorption, and it includesoanprehensive adsorption (physical and chemicalratisa) for
the same values [50].
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Figure 5. Langmuir adsorption of CH on the carbon geel surface in 1.0 HCI solution
CONCLUSION

We have studied the inhibiting effect of chitinim HCI on the carbon steel by using various methdtie results
obtained are in good agreement and are given lasvil The presence of chitin reduces the corrosaa of carbon
steel in HCI medium, its inhibition efficiency ireases with its concentration. Chitin acts as cathadd anodic
inhibitor and adsorbed on the carbon steel suf@cerding to Lamgmuir isotherm model. The inhibitefficiency
of chitin increased with the concentration and healca maximum at 10M.
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