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Abstract

The inhibition effect of famotidine drug toward®e corrosion of C-steel in 0.5M,80, was studied using
weight loss, gasometry, potentiodynamic polarizatiand electrochemical frequency modulation (EFM)
techniques, as well as, surface examination by SH#.inhibition mechanism of FA is based on theogotion
process forming a film barrier layer protect theesfrom acid attack. The adsorption is found teyobrundlich
model. The inhibition efficiency increased by irgsang inhibitor concentration and decreased withpterature.
Some thermodynamic parameters for adsorption psamesdeduced and discussed.
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1. Introduction

The corrosion inhibition of C-steel took great effoof scientists and researchers especially ith salution. The
practical importance of this aspect is found in ynéields, among of which, the acid pickling of iramd steel,
electro-polishing, chemical cleaning and processmgtallic ores production, oil recovery and pefi@mical
industries. Hydrochloric acid is consider as anadntgnt mineral acid used in previous fields (Bengs al.
2001), (Chetouanet al. 2003), (Ashassi-Sorkhalat al. 2004), (Ashassi-Sorkhalet al. 2005), (Daoucet al.
2015),. The effective inhibitor is generally reaudrin these processes to control the metal distogrocess and
acid consumption. Actually, the most effective acadrosion inhibitors are bulky organic moleculbattcarry
heteroatoms (N, S and O atoms) and give highebititm efficiency (ElI Azzouziet al. 2016), (Evelinet al.
2016), (Abd El-Lateeét al.2016), (Kowsaret al.2016), (Pourghaserst al.2016).

Among the development of effective green inhibitaith high protection efficiency and environmenyadlave
are the natural and nontoxic drugs that are usegksist the corrosion of steel in many aqueoustisoisi
(Sangeethat al. 2015), (Ahamacbt al. 2010), (Singret al. 2010), (Shuklaet al. 2010), (Golestargt al. 2014),
(Thirumoolanet al. 2014), (Gokharet al. 2011), (Eddyet al. 2009), (Shukla &Quraishi 2010), (K.Singl&
Ebenso 2013). Previous studies attributed the itebeffect of drugs in aqueous solution to thesagtion
process through the active centers on the metsiliface, which is physi- or chemi-sorption type bath
together. The adsorption of the drugs moleculesralthe corrosion resisting property of the testederial
(Hoseinpoor & Davoodi 2015), (Singh &uraishi 2010), (Singkt al. 2011). The adsorption process depends
on many factors among of which are the nature &edtype of charge on the metallic surface, the type
corrosive solution, the structure of the addedhitbi and the nature of its interaction with thetatiec surface,
(Sahinet al.2002).

The aim of the present study is to discuss thebitihé effect of famotidine as a non-toxic inhibittowards the
corrosion of C-steel in 0.5 M #30,. Chemical and electrochemical techniques, sucheaght loss, hydrogen
gas evolution, potentiodynamic polarization and Efgldulation techniques, as well as, SEM investigatire

used. The adsorption mechanism and the inhibitificiency of FA are investigated and discussed.
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2. Experimental.
2.1. Materials

C-steel specimens having the following composifieh%): 0.12% C, 0.5% Mn, 0.17% Si, 0.06% S, 0.048%
and balance with iron has been used for chemicdl elactrochemical measurements. Steel coupons with
dimensions of 2.0 cm x 7.6 cm x 1.2 cm were usedvigight loss, hydrogen evolution measurementsSil
investigation. For electrochemical methods, cylicalr C-steel rods coated with Araldite except itsttbm
surface with surface area of 0.42%ane used. Prior to each run, the sample was atraith 280, 400, 600,
800 and 1200 grades of emery papers. The speciwmemresswashed thoroughly with bi-distilled water, atbl,
bi-distilled water, respectively, and finally drieding a filter paper before immersion in the wsttion. For
each run, a freshly abraded electrode was used.

Famotidine, FA, is a commercial name of 3-[({2-Hdiinomethylidene)amino]-1,3-thiazol-4-yl}methyl)
sulfanyl]-N'-sulfamoylpropani —midamide is used as a corrosibibitor. The structure of Famotidine is shown
in Table 1. Famotidine was purchased from Aldridie@ical Co. The corrosive solution (0.5 MS®,) was
prepared by appropriate dilution of analytical gr&dSO, using bi-distilled water.

Table 1. Molecular structure, molecular formula (M.F.) andlecular weight (M.W.) of Famotidine (FA).
Molecular structure M.F. M.W.

HaN o o

N 8
s SN S, CeH1sON; 337.4

2.2. Weight loss method

Clean steel coupons were allowed to stand for #mreld time in a closed beaker containing 100 rBIND.
H,SO, solution devoid of-and containing different contretions of FA. Experiments were carried out in
duplicate and the mean weight losses values weertezl. The procedure of weight loss study waslamid
that reported before (Abd El Haleezhal 2013), (Abd El Aalet al. 2013), (Abd El Waneest al 2016). The
experimental data of mass loss can be used tonietthe corrosion rate)(using the equation:

o[ Wo ~W (1)
st

whereW, andW, are the mass loss in 0.5 M$0, without and with inhibitor, respectivel§is the total area in
cn? andt is the immersion time, in min.

2.3. Hydrogen evolution method

The procedure of HHmeasurements was similar to that reported befdoe El Haleerret al. 2013), A 100 ml of
the corrosive or the inhibitive solution was intogéd into the reaction vessel, containing C- steapon. The
volume of the evolved of hydrogen gas was followedifferent times.

2.4. Electrochemical measurements

A conventional three electrode electrochemical £gdtem is used for electrochemical experimentt wire was
used as an auxiliary electrode. The reference reldetwas SCE, while C-steel electrode was the wgrki
electrode. Before each run, the working electrods wabraded and prepared as used before, (Sang¢eatha
2015), (Abd El Waneest al 2016), (Abdallaret al 2016). Before starting polarization, the prepastatirode
was left in the test solution unfil is reached. All electrochemical measurements werormed using Gamry
instrument PCI300/4 Potentiostat/Galvanostat/Zayaer, DC105 corrosion software, EIS300 electroaibal
impedance spectroscopy software, EFM140 electroaifnequency modulation software and Echem Artalys
5.5 for data plotting, graphing, data fitting aradctilating.

The potentiodynamic polarization measurements welkgained by changing the electrode potential
automatically from -1000 to 150 mV vs SCE at a sede of 0.2 mV3, at 30 °C.
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The surface coveragé)(and inhibition efficienciesy(%) at different FA concentrations, are calculaisithg the
following equations, (Abd El Wanees al. 2016).

_linh

6=1 2

I free

l.
inh
n%=|1-—— [100 3)
I free
wherel;,, andlqee are the corrosion current densities in 0.5M8, with and without FA inhibitor, respectively.
2.5. Electrochemical impedance spectroscopy (EIS)

Impedance measurements were carried out in frequamge from 20 kHz to 0.5 Hz with amplitude of ¥ m
peak-to-peak using AC signals at open circuit pidénThe experimental impedance were analyzed and
interpreted based on the equivalent circuit mo8ah@geethat al. 2015).

2.6. Scanning electronic microscope (SEM)

Two of C-steel specimens were abraded with emepenzathen washed with bi-distilled water and aceton
After immersion for a period of 1 hr in 0.5 M,80, without and with 1x1T M FA, at 30C, the C-steel
specimens were pack up, cleaned with distilled myaliged using a cold air blaster for investigatiomder SEM
using A Jeol JSM-5400 instrument.

3. Resultsand discussion
3.1. Weight loss measurements:

The corrosion behavior of a metal in an aqueous@mment is generally characterized by the extenttich it

dissolves in the solution. Fig 1 depicts the ddtaeight loss-time curves of the examined C-staehdueous
solution of 0.5 M HSO, devoid of- and containing different concentratiofigamotidine, FA, at 3€. It is clear
that, the weight loss of C-steel coupons in theasive and the inhibitive solution increase dirgatiith time.

The loss in weight in presence of inhibitor is muetver than that obtained in free acid solutioneTbss in
weight becomes more lower as FA concentrationdsemsed. In additions, the linear fitting of weidpgs-time
relation confirms that the dissolution of C-steelthe corrosive solution is accompanied by the &iirom of

soluble corrosion products (Abd El Wanet¢sl 2016), (Abdallatet al 2016).

Mathematical equations based on the previous fitezacan be used to express the experimental dateass
loss by some of corrosion parameters such as, siorreate (), surface coverag@) and inhibition efficiencies
(n %), as following (Abd El Haleeret al 2013), (Abd El Aakt al. 2013), (Abd El Waneest al 2016).

oo 1_rinh (4)
Mfree
finh
n%=|1- 100 (5)
Mtree

wherergee andri,, are the corrosion rates calculated in 0.5 ps®, without and with FA inhibitor, respectively.
The values of corrosion characteristicg andn % are listed in Table 2. It is clear that FA intob retards the
dissolution of C-steel in 0.5 M430,, by decreasing the corrosion rate, which becomes noaver by increasing
inhibitor concentration. The inhibition efficiency,% is increased to take maximum value (89.5%) &ih0™®
M FA.
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0.5 M H,SO,+ Famotidine, at 3C
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Fig.1. Weight loss-time curves for C- steel in 0.5M3@;, with different concentrations of FA, at 30°C.

Fig 2A depicts thevariation of rate of corrosiom, of C-steel with the log FA concentration. S-stthparve is
obtained, confirming that the inhibition effect I6A is based on the adsorption process (Abd El Hialeeal

2013), (Abd EIl Aalet al 2013), (Abd El Waneest al. 2016). The inhibitive performance of FA is suggdsto
be due to the adsorption of FA molecules on steghse through the lone pair of free electronstedan N, O
and S atoms, as wetl; electrons of double bonds (Daoeidal. 2015)

3.2. Hydrogen evolution

C-steel coupons were performed in 0.5 Y58, devoid of- and containing different concentratiafid=A, at
30°C. The concentration of the inhibitor is variedveen 1x10 and 6x10 M. Generally, there is an induction
period before increasing in the volume of the eedI¥, gas. This period is known before as incubatiomopler
which is required to remove any pre-immersion oXithe on the metal surface and start metal dissotu¢Abd

El Haleemet al. 2013), (Abd EI Aalet al 2013), (Abd El Waneest al 2016). After incubation period, the
volume of the evolved fas increases linearly with time due to the possiplodic dissolution of the bare metal
according to the reaction:
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Fig.2. Variation of the rate of corrosion of C-steel ih 01 H,SO, with the logarithm of concentrations of FA, at
30°C, (A) weight loss method and (B) gasometry ioeth
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Fe> Fe?+ 26 (6)

The accompanied cathodic reaction consumes the@lsaeleased is the overal} Haction:

However, it the rate of corrosion is determinedrfrslope of the linear relation between the volumeof H,

evolved in ml/cr, and the immersion time, The decrease in the rate of corrosion in presefd gives a
sigmoidal S-shaped curve, Fig 2B. This behavioegias an indication that the inhibition of C-ste@tosion by
FA is suggested to depend on the adsorption ointhibitive molecules on the metallic surface (AbldHaleem
et al 2013), (Abd El Waneest al 2016). The values of the surface coverayed inhibition efficiencies(%)
at different concentrations of FA, are calculatexhf the values of corrosion ratg @s usual (Abd El Haleert

al. 2013), (Abd EIl Aakt al 2013), (Abd El Waneest al 2016), Table 2. It is clear that the value® @nd; %

takes higher values as the FA concentration issas®d, due to the increase in the amount of therlzets FA
molecules on steel surface.

Table 2. The calculated values of corrosion ratef and, % for FA towards the corrosion of C-steel in 0.5 M
H,SQ,, at 30°C.

FA concentration Mass loss method Hydrogen evolution method
M r, ug cmi“min™® 0 n% | r, mlcm®min® e n %
Free 146.5 -- - 0.060 - -
1x10°M 99.0 0.324 32.4 0.0478 0.203 20.3
2x10°M 86.0 0.413 41.3 0.0384 0.360 36.0
3x10°M 67.0 0.543 54.3 0.0285 0.525 52.5
4x10°M 45.0 0.693 69.3 0.0199 0.668 66.8
5x10°M 27.0 0.816 81.6 0.0132 0.780 78.0
6x10°M 15.4 0.895 89.5 0.0055 0.908 90.8

3.3. Potentiodynamic polarization measurements

The curves of the potentiodynamic polarizatonves for C-steel in 0.5M 430, without and with additions
of various concentrations of FA inhibitor are dissed. Both the cathodic and anodic polarizatiowvesiin
presence of FA inhibitor are suppressed, as dtieetincrease in the overvoltage of each of cathadit anodic
processes This behavior could prove that the mésimaof hydrogen evolution reaction is activatiomtolled
process, and both the hydrogen evolution and tbdiamissolution mechanisms are not altered (Alattadt al
2016), (Fekry & Ameer 2011). The anodic and catbotifel slopes take little change in presence of FA
suggesting that the adsorption of FA moleculesherainodic and cathodic sites is controlled by sehitype, by
blocking of both the anodic and cathodic reactitess (Abdallaket al 2016), (Fekry & Ameer 2011), (Fouda
al. 2016). The; % obtained from potentiodynamic polarization meaments are increased with increasing FA
concentrations, to reach 77% and 90 % with £xtDand 6x1¢ M, successively. The obtained values are close
to that deduced from weight loss and gasometry aneasents.

3.4. Electrochemical impedance spectroscopy (EIS)

The inhibition performance of an inhibitor ametallic surface depends on many factors amémdich is
the chemical structure of the inhibitor, the nataféhe metal, and also on the experimental comiitisuch as
the immersion time, pH of the solution, as wellths, concentration of the adsorbent (Kerte & Hamtinb@96),
(Li et al 2009). The effect of FA on the corrosion of Ceétmn H,SO, was also studied by EIS method to
confirm the results obtained by other used meth®tls. curves of Fig.3 depicts the Nyquist plots@esteel in
0.5 M H,SQ, solution in presence of different concentratiosirthibitor, at 30C. The existence of the single
semicircle proves the single charge transfer pw@Esompanying the metallic dissolution step, whigh
uninfluenced by the presence FA. The presence mfpeofect of semicircles in Fig 3, could be inteted to the
frequency dispersion effect as due to electrodghness and inhomogeneity effect (Shalabial 2014),
(Lebrini et al. 2007). To analyze the impedance spectra, thevalguit circuit given in Fig 4 is used. In this
circuit, Rs refers to the solution resistance between thd sfeetrode and the reference electrode while
represents charge-transfer resistance@ndepresents the electrochemical double layer ctgraxg. Generally,
the presence of inhibitor enhand@gand decreaseSy. The lowering inCy values in presence of inhibitor can
be suggested to the presence of a protective 6iméd as due to adsorption of the inhibitor on instiaface
(Abd El Waneegt al 2016), (Shalaket al 2014), (Lebriniet al 2007), (Obott al. 2009), (Huiet al 2011).
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The values of the charge transfer resistaig,are calculated for different concentrations of, Filom the
difference in impedance values at lower and hiftegjuencies using the equation (Hong & Jepson 2001)

R: = [Zreal(at low frequency) - g (at high frequency)] ) (8

The values of theCy obtained from the analysis of Nyquist diagramte maximum frequenci., at the
maximum imaginary impedand,., and the resistance of charge tran&gi(diameter of high frequency loop)
using the equation (Yadat al 2004).

C, = (;] ©)
271:ma1x Rct

The values of surface coverag® &nd the percentage inhibition efficienay %), are calculated from the data
of R, values using the equations (10) and (11) (KhalRab? :

400
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Fig 3: Nyquist plots for corrosion of C-steel in 0.5 M,$0, in the absence and presence of different
concentrations of FA, at 30°C.
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Fig 4. Equivalent circuit compatible with the experimeritapedance data.

Retinh ~ R (10)
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where Ry inn and R are the charge transfer resistance values cadculatith and without FA inhibitor,
respectively, in 0.5 M p80Q,. The calculated data of the electrochemical patara of EIS measurements are
tabulated in Table 4. It is obvious, from the datdhis table, the increase in the charge transfsistanceR
and the decrease in the double layer capacit&hgeayith increasing FA concentration. This behavioyes that
the inhibition of C-steel corrosion in,B0O, solution by the action of FA inhibitor can be relato the adsorption
process, forming a protective layer on metal serfigddong & Jepson 2001). In addition, the valuembibition
efficiency @' %) in presence of FA takes higher values witheasing inhibitor concentration to reach 80.85%
with 1x10°M FA.

Table 4. EIS data of C-steel in 0.5 M,80, at different concentrations of FA, at°3D.

Solution, M Ca x10°, F R, Q 0 n %
Free 2.86 71.29 -- --
1 x10° M 2.59 99.00 0.28 28

2 x10°M 2.60 124.5 0.43 43

3x10°M 2.70 187.1 0.62 62

4 x10°M 2.01 272.1 0.74 74

5 x10° M 1.85 3735 0.81 81

6 x10° M 1.44 684.9 0.90 90

The impedance values in presence of inhibitor, FRAlarger than in blank solution and increase wvitlieasing
inhibitor concentration. The values gf % obtained from impedance measurements are centsigith that
obtained with other experimental techniques.

3.5. Electrochemical Frequency Modulation measurgse

EFM spectra are shown in Fig 5 (A&B) for C-steeDis M H,SO, without and with 5x18 M FA, respectively.
Similar curves are obtained in other concentrati&®dVl spectra show non-linear response. Non-linespponse
contains enough information about the corrodindesys so that the corrosion current can be calatildiectly.
The larger peaks were used to calculate the comasirrent density {i.), slopes g, andg.) and the causality
factors CF-2 andCF-3) (Foudaet al 2014). These electrochemical corrosion kineticapeeters at different
concentrations of FA in 0.5 M 430, at 30°C, were listed in Table 5. The inhibitiofficiency, nerm %,
calculated from equation (12), increases by inéngathe FA concentration.

%=1 icorr 00 (12)
Tepm 71775

. . . I Corr . . . . . .
wherei®., andic, are corrosion current densities in 0.5 MSIA, devoid of and containing FA, successively.
The causality factors CF-2 and CF-3, Table 5, &eecto their theoretical values of 2.0 and 3.8peetively,
indicating that the measured data are reliable deet al 2014), (Bosclet al 2001). The calculated inhibition
efficiencies obtained from EFM measurements aregdod agreement with that obtained from other
measurements.
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Fig 5. EFM spectra for C-steel in 0.5 MySO, (A) devoid of and (B) containing 5xfoV FA.

Table 5. Electrochemical kinetic parameters obtained fraAMBechnique for the corrosion of C-steel in 0.5 M
H,S0O, at different concentrations of FA, at°3D,

Solution korn Ba Be , CF-2 CF-3 IE %
HA V dec’x10° V dec’x10®
Free 273.3 65.49 131.5 1.985 3.167,
1x10°M 194.8 60.73 134.2 1.966 2.970 0.29 24
2x10°M 147.7 56.60 130.5 1.971 3.667, 0.4 44
3x10°M 95.25 51.50 119.6 1.93 2.917, 0.65 64
4x10°M 61.54 52.50 104.7 1.930 2.833 0.77 77
5x10°M 43.90 54.44 97.61 2.042 2.769 0.84 84
6x10°M 22.81 62.74 88.41 1.907 2.964 0.9P 92

3.6. Scanning electron micrographs (SEM):

Scanning electron micrographs for C-steel samptes immmersion for a period of 1 hr in the corrassolution
in the absence and presence of 5XM) FA are investigated. Fig 6(A&B) represented ragnaphs for C-steel
after immersion in (A) 0.5 M 8O, and (B) 0.5 M HSO, + 5 x10° M FA. Investigation of the SEM
micrographs taken in 0.5 M,80O, solution in absence of inhibitor, Fig 6A, explotsit the surface C-steel
sample was strongly attacked surrounded by comgsioducts. In presence of FA inhibitor, Fig 6Bpwais that
the surface of C-steel becomes coated by crackeer dayer, compared with that of free acid (Khamisal
2013). This proves that the FA inhibitor is adsarloa metal surface forming a thick protective layendering
the corrosion process (Rudresh & Mayanna 1977).

.

120U !

330

Fig 6. SEM for C-steel after immersion for a period 6fr@in in (A) 0.5 M HSQ, and (B) 0.5 M HSQ, + 5x
10° M FA, respectively, at 30°C.
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3.6. Effect of temperature

The effect of temperature on the rate of corrosibrC-steel in solutions of 0.5 M J80, devoid of- and
containing different concentrations FA (1t 6 x10°M) is studied by hydrogen evolution method. Theadat
revealed that increasing the temperature increthgesate of corrosion of C-steel surfaces bothha absence
and presence of FA. On the other hand, the comasite decreases as the inhibitor concentratiamcigased.
The inhibition efficiency decreases with temperatwalthough it increases with increase the inhibitor
concentration, Table 6. When the temperature eased, surface coverage is reduced as due tesoeption

of FA molecules from the C-steel surface (EbensBt#t 2010). The decrease in the rate of adsorpfi¢iA at
higher temperature, could be attributed to thequarénce of physical adsorption type on steel sarfdtaayta

& Rawashdeh 2004), (Abbowd al 2009).

The dependence of the rate of corrosion on temperatan be expressed by Arrhenius and transitiate st
equations (Abd El Aagt al 2013), (Abd El Waneest al 2016), (Abdallatet al 2016).

—AEa
logr =———=—+IlogA 13
g 230RT g (13)
AS -AH
RT
r=—exp —2 |ex a (14)
Nh R RT

wherer is the corrosion rateAE, is the apparent activation energdy,is the absolute temperaturg,is a
frequency factorAH, is the apparent enthalpy of activatiok§, is the apparent entropy of activatidm,is
Planck’s constant arid is the Avogadro's number, respectively.

The values of log (ug cmi” min™), obtained at different temperatures, confirmdineelation with 1/T, Fig 7.
The activation energies valugst, were calculated from the slope of the plots of Fignd are given in Table 7.
The value ofAE, for blank was 64.14 kJ/mol and takes higher valnggesence of FA, 71.61 kJ/mol to 177.11
kJ/mol. This is considering as an indication ofti@rgg inhibitive action of FA, as due to the ingedn the
energy barrier of the corrosion process, emphasittie physisorption process (Guenhal 2004). The higher
values ofAE, in presence of FA compared to the blank, supplysigal adsorption mechanism (Molsh al
2016).

2

l0g 1o Ml cm® min

N I
=} =3
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N
[N}
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i
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Fig 7. Arrhenius plots for C-steel in 0.5M,80, devoid of and containing different concentratioh&A.

Plotting of log ¢/T) against 1/T (Eq. 14) for C-steel dissolution(rb M H,SO, devoid of- and containing
different concentrations FA, gave straight linesshewn in Fig 8. Values ofH, andAS, were calculated and
tabulated in Table 7. The positive sign A&ifl, reflects the endothermic nature of metal corrosiom,SO;

solution. In addition, the increase i, values with increasing inhibitor concentration ealé increase in
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disordering on going from reactants to the activatemplex (Benadellabt al. 2006). This behavior can be
explained as a result of a substitution processdrt HO and FA molecules on C-steel surface (Dahmaaai.
2010).

-3.2

a4l 0.5 M H,SO,+ Famotidine

-36 |
38
4.0 -

42 -

log (e, /T), ml cm? min Kt

4.4 1

4.6 -

1 1 1 1
0.00316 0.00320 0.00324 0.00328 0.00332

TLK

Fig 8. Transition-state plots for C-steel in 0.5M3®, devoid of and containing different additions of FA.
Table 6. The values of corrosion ratg,f andy % for different concentrations of FA towards tleerosion of C-

303K 308 K 313K 318K

FAM |, M r r, r,

’ cnf ml/c mil/c mi/c
mint 0 n% m2 0 n% m2 0 n% | 2 0 n %

min min min
Free 0.060| -- -- 0.083 -- - 0.126 -- -- 0.169 -- -
IX10°M | 0oa7g| 0.203 | 20.3| 0.070] 0.156 158 0.40 0127 12.7 016071 | 7.1
2x10°M | 00384 | 0.360 | 36.0| 0.068 0214 214 0097 023 230 048240 12.4
3x10°M | 00285 | 0525 | 52.5| 0.050, 0.398 39.8 0087 031 310 0.L4072| 17.2
4x10°M | g o199| 0.668 | 66.8| 0.035 0578 57.8 0072 0429 429 O0.18219 | 21.9
5x10°M | 00132| 0.780 | 78.0| 0.025 0699 69.9 0062 0.5p8 50.8 0.1P1284 | 28.4
5X10°M | 0 ooss | 0908 | 90.8| 0015 0819 819 0043 0659 @59 O[0B49| 349

steel in 0.5 M HSQ,, at 30°C.

Table 7. Thermodynamic parameterstz,, AH,, AS, for C-steel in 0.5M 5Oy, in the absence and presence of
different concentrations of FA.

Solution AE,, kJ mol AS,, I mol' K* AH,, kJ mot*
Free 64.14 -67.93 61.46

1 x10°M 71.61 -45.34 68.93

2 x10°M 79.08 -21.98 76.59

3 x10°M 103.97 55.76 101.48

4 x10°M 147.43 191.7 144.94

5 x10°M 158.35 223.68 155.67

6 x10°M 177.11 279.78 174.43
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3.7. Adsorption isotherm

The values of surface coverag® ¢alculated by hydrogen evolution methods foregdht concentrations of FA
are used to test the suitable type of adsorptiothésms. Different types of isotherms, such aspkim,
Langmuir, Frumkin, Frundlich, Bockris-Swinkels afdbry-Huggins isotherms, are used to get the biest f
isotherm. Based on the value of correlation coieffic R, the best fit isotherm was found to obey Freutlic
type. This type of isotherm can be representedhbyriathematical equation (Kliskét al. 2000):

=K, LC" (15)
or

logd =logK_, +nlogC (16)

where 0 < n < 14 is the surface coverage,qsis the adsorption equilibrium constant of the agton process.

Plotting of log@versudog C, at different temperaturegjves straight-line relation, Fig 9, confirming Rdlich
adsorption isotherm. The corresponding linear 1€sjom parameters are listed in Table 8. Each oflittear
correlation coefficient and slope are approximatdyal to one, suggesting that the adsorption odfA&-steel
surface obeys Frundlich adsorption isotherm. Tleikalvior suggest that the inhibition effect is réesiiffrom
adsorption of inhibitor molecules on steel surfémeming an insulating film that isolate the metabrh the
corrosive solution. In addition, the values of #usorption constani,q, can be calculated from the value of the
intercept, according to equation 16. The large eslofK,g4sare an indication of strong adsorption of FA on C-
steel surface. It is noteworthy to see that, tHaevaf K,4sis decreased as the temperature is increasede(8abl
suggest that there is rearrangement and detachafemmhibitor molecules from electrode surface dwe t
desorption process.

-0.6 -

log 6

-0.8

-1.0 -

-1.2

-6.0 5.8 5.6 5.4 5.2
log G-p M

Fig 9. Frundlich adsorption isotherm of FA on steel stefaat different temperatures.

The standard free energy of adsorptiaf°, can be calculated from the value of the adsnrptonstantKags
according to the equation (Abd El Haleetral 2014):

1 -AG
K ads= -0 —— a7)
555 RT

whereT is the absolutéemperature, 55.5 is the concentration of wateresged in molar value and Rt gas
constant equal to 8.314 3ol The calculated values df.4sandAG® are tabulated in Table 8. The negative
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value of AG® gives an indication that the adsorption of FA(Msteel surface is a spontaneous process. As is
already well established, values&B°,4s up to -20 kJ/mol are associated with electrostateraction between
the charged inhibitor molecules and the chargedalngitrface (physi-sorption). On the other handueslof
AG°,4s Which are more negative than - 40 kJ/mol invodharing or transfer of electrons from the organic
inhibiting species to the metal surface to formetahbond, chemisorption (Solomenal 2010), (Girteret al
2007). In our case, the calculatB@°,4s values are, -34.82, -34.30, -33.85 and -33.28 &JAN30, 35, 40 and

45 °C, successively. These values are betweenwhbestated threshold values suggested that themmn is
electrostatic interaction between the charged itdribmolecules and the charged metal surface (pbystion
type) beside the chemisorption, mixed mechanism.

1 -AG
T (18)
555 RT
Table 8: Correlation coefficient R adsorption equilibrium constantadand free energy of adsorptidiG,qs of
FA on C-steel in 0.5M k80, at different temperatures.

Temperature R KagoM ™ AG®,q, KJ mol*
303 99.88 63622 -37.99
305 99.99 129315 -40.78
308 99.78 171100 -41.77
313 99.89 178090 -42 .52

3.8. Inhibition mechanism:

The inhibitive effect of famotidine, FA, towardsetttorrosion of C-steel in 0.5 M,H0, can be discussed
through a number of variable factors among of wtach the presence of adsorption centers, suitallley b
molecular size and mode of interaction with the ahsurface (Singt& Quraishi 2012), (Singl& Quraishi
2011). Physisorption requires the presence of leletrically charged metallic surface and bulky rged
inhibitive species having heteroatoms rich withdgrair of electrons. However, the used inhibitoarisorganic
base comprises seven nitrogen atoms, which caly gasionated in an acidic medium, to be bulky dlear
molecule. The resulted famotidine cations, can dgesented by [FAH”, become in equilibrium with the
corresponding molecular form, FA, according to eigue(19).

FA+xH* o [FAHJ (19)

The protonated famotidine cations, [FAH, however, could be attached to the C-steel surfgceneans of
electrostatic interaction between $Gnd protonated famotidine since the C-steel sarfas positive charge in
H,S0O, medium (Singtet al 2011). This could further be explained basedhenassumption that in the presence
of SO, the negatively charged $0would attach to positively charged surface. Whendadine adsorbs on
the C-steel surface, electrostatic interactionggiace by partial transference of electrons froenfolar atoms
(N, S and O atoms) of famotidine to the metal sigfadowever, the decrease in inhibition efficiesci higher
temperatures can be attributed to the desorptiooggss from metallic surface (Xianghosigal 2008).

5. Conclusion

The corrosion rate of C-steel in 0.5 M30, in presence of different concentrations of famogds examined
by different chemical and electrochemical technggdée study indicated that:

1. Famotidine acts as a mixed-type inhibitor foresion C-steel in Ek50;.
2. Inhibition efficiency increases as the concermraof famotidine is increased.
3. The adsorption of famotidine on C-steel surfatlews Frundlich adsorption isotherm.

4. The increase iNE, values in presence of higher concentration of tidim® is related to the higher adsorption
effect of the inhibitor on the metallic surface.

5. The values ofAG°4svaried between -37.99 and -42.52kJ/mol, at thenix@d temperatures range explaining
the spontaneous adsorption process confirming pbgion and chemisorption mechanism.
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