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Abstract. The corrosion inhibition of XC38 carbon steel inM hydrochloric acid solutions by iodide
potassiumwas studied at temperature range (293-333Kgdayimetric measurementbhe inhibition efficiency
decreases with increasing temperature. The adsorpfiiodid potassium takes place according to bauwigs
adsorption isotherm. Kinetic parameters (activaterergy E enthalpy of activatiomH, and entropy of
activationAS,) as well as thermodynamic parameters (enthal@debrptiorAH,qs entropy of adsorptionS,gs
and Gibbs free energyG,4swere calculated and discussed; on the bases sd fherameters both physisorption
and chemisorption were suggested for this inhibitéie adsorption of the inhibitor on the carborekseirface is
in agreement with Langmuir adsorption isotherm.

Keywords. Adsorption isotherm, Corrosion inhibition, Carbsteel, Potassium iodide, Thermodynamic
parameters.

1. Introduction

Corrosion of metals and alloys are defined as gentsineous destruction or deterioration of
alloys in the course of their chemical, electroctwai or biochemical interactions with the
environment
Some of the typical corrosive media are humid w&mier, acids, bases as well as soil, steam, and
gases. Strong acids such as hydrochloric and stdphaids are widely used in industries for many
purposes, especially in cleaning, descaling, acklipg procedurefl].

The successful control of corrosion develops tfe df mechanical hardware. Nowadays corrosion
inhibitors have more significant, due to their wsagindustries [2].

Corrosion inhibitors are substances added in squalhtities to protect metals against corrosion by
decreasing the rate of corrosion processes. Tligitioh efficiency depends on the various parangeter
(corrosive medium, pH, temperature, duration of gmion, metal composition and on the nature of
the inhibitor). Industrial corrosion inhibitors agenerally of organic or inorganic compounds. The u
of inorganic inhibitors as an alternative to orgamiompounds is based on the possibility of
degradation of organic compounds with time, natdr@edium and temperature [3, 4].

The objective of the present work is to study titghition of carbon steel corrosion in 1 M HCI
solution by potassium iodide using weight loss rdth

" Corresponding author.
E-mail: att_tarik@yahoo.f(Benchadli A.).
Address: Laboratoire de Recherche Toxicomed, Université Aligaker Belkaid, BP119, 13000 Tlemcen,

Algérie.

834



© 2018 JARST. All rightsreserved

Benchadli A. et al., Journal of Advanced Resear ch in Science and Technology, 2018, 5(2), 834-844.

2. Materialsand Method

2.1.Material preparation

The test solutions of 1 M of hydrochloric acid werepared by the dilution of analytical grade
37% HCI with bi-distilled water. The carbon stepesimens having composition (wt.%) : 0.370% C,
0.230% Si, 0.680% Mn, 0.016% S, 0.077% Cr, 0.011%9.059% Ni, 0.009% Co, 0.160% Cu and Fe
is the remainder. The electrode was polished udiiifigrent grades of emery papers (320 to 1200) and
degreased. The specimens were weighed by analptidahce with five decimal accuracy before and
after exposure. The weight loss experiments weremeed after an exposure of two hours.

2.2. Weight loss methods

Polished specimens were initially weighed in anhdical balance. Weighed samples are
immersed in 50 mL of the acid 1 M HCI both in aland presence of inhibitor for concentrations
range from 518to 5 10° M. The specimens were taken out, washed with diiléid water, dried and
weighed once again. The weight loss studies werdenia triplicate and the loss of weight was
calculated by taking an average of these values [5]

The inhibition efficiency E%) of potassium iodide was calculated using the tdan(l).
|E(%)=100*(\Nzorr‘vvinh)/wcorr (1)

WhereW,,; corrosion rate of blank hydrochloric acid am, corrosion rate after adding inhibitor.
The corrosion raten) was calculated from the formula (2):

w = (m-my)/S.t 2)
Wheremy is the mass of the specimen before corrosierthe mass of the specimen after immersion
in solution,Sthe total area of the speciméihe corrosion time ang the corrosion rate.
The degree of surface coveragd (vas calculated using following equation (3):

o= 1'(VVinh/Wcorr) (3)

3. Resultsand Discussion

There are many factors affecting on the corrosate, like concentation of inhibitor, temperature an
time of immersion.

3.1. Effect of inhibitor concentration

Corrosion inhibition efficiency of the inorganic hiitor (potassium iodide) solution has been
calculated using weight loss measurement afterhtoeos of immersion. The tests were carried out in
different concentration range from to 5°Mto 5.10°M.

Table 1 collects the corrosion rates and Fig. lwshthe variation of inhibition efficiencies and
corrosion rates for different concentrations ofiliitor (K1) in hydrochloric acid 1 M at 303 K. The
corrosion rate decreases with increasing inhiltmrcentration and in turn the inhibition efficiency
(IE%) increases to attain 62.5% at 5°10.
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Table 1.Corrosion parameters obtained from weight losssomesments for carbon steel XC38in 1 M
HCI containing various concentrations of the intdbiat 303 K.

Inhibitor concentration W (mg/cm®.h?) |E (%)
0.0 032 -
5.10° 0.30 6.25
7510 0.28 12.50
10* 0.24 25.00
10° 0.13 59.37
510° 0.12 62.50
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Fig.1. variation of inhibition efficiency (IE%) and corriom rate (w) with the concentration of potassium
iodide for carbon steel (XC38) in 1 M HCI.

3.2. Effect of temperature

The effect of temperature is an important parametethe inhibited acid—metal reaction is
highly complex, Further- more many changes occurthan metal surface such as rapid etching,
adsorption/desorption of inhibitor and the inhibitdself may undergo decomposition and/or
rearrangement [6,7]. The collected curves in Figshdw the evolution of corrosion rate with of
inhibitor concentration at different temperatur@93 to 333K). It is indicates that at a given of
inhibitor concentration the corrosion rate of XC88reased with temperature. The increase is more
pronounced at low concentrations.
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Fig.2. Variation of corrosion rate with the concentratiaf Kl for carbon steel in 1 M HCI at different
temperatures.

It showed in the figure 3 that the inhibition effincy decreases with increasing temperature iridigat
that higher temperature dissolution of carbon gpeeflominates on adsorption of inhibitor molecules
at the mettalic surface.
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Fig.3. Variation of inhibition efficiency (IE%) with commtration of Kl for carbon steel in 1 M HCI at a@ifent
temperatures.

The decrease of inhibition efficiency at elevatethperatures indicates than of the strength of the
adsorption processes, suggesting a physical adsombde [8].

3.3. Immersion time

Weight loss and inhibition efficiency versumsmersion time was described in the Table 2. As the
immersion time increases, the inhibition perfornearelso increases. The maximum inhibition
efficiency value was found for 2 h (59.37%), atteat slight decrease in efficiency was observe@. Th
variation of the weight loss of carbon steel in H@I is nearly varied linearly with immersion petio
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in the absence and presence of Mof potassium iodide, during an immersion timéneen one half
hour and 24 hours at 303 K as shown in Fig. 4.

Table 2. Effect of immersion time on inhibitor performarfoe carbon steel in 1 M HCI for 1 at 303 K

Time (h) AMcy, /S (Mg/em?) Am;/S (mg/cm?) IE (%)
1/2 0.14 0.08 42,85
1 0.30 0.13 55
2 0.64 0.26 59.37
4 2.48 1.12 54,83
6 3.96 1.80 54,54
24 18.96 9.12 51,89
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Fig.4. Weight loss versus immersion time of XC38 in 1 MIkvithout and with 13 M of KI at 303 K.

3.4. Activation parameters

The Arrhenius equation was used to investigatadfaionship between the rate of corrosion
of carbon steel X38 and the activation energyhe giresence of various concentrations of inhibitor
Kl. It has been reported that the natural logarithfnthe corrosion rate is a linear function witi' 1/
where T is the absolute temperature, for the cmmosf carbon steel in acidic conditions [9, 10heT
equation can be written as follows [11, 12].

In(w) =(-E/RT) + A (4)

Wherew is the corrosion rate of carbon stekls Arrhenius constanR is the universal gas constant,
T is the temperature arifl, is the activation energy. The plots of In(w) agait/T were linear, as
shown in Figure 5. Simplifcation of Equation (4¢lgis Equation (5) [13]

w = (RT/Nh) exp4S/R) exp (4H, /RT) (5)
Where, h is Planck’s constant, N the Avogadro’'s bemthe apparent entropy of activation and the
enthalpy of activation. A plot dh (w/T)versusl/Tis shown in Figure 6. Straight lines were obtained
with slope(-4H, /R) and intercept of(4S/R) + In (R/Nh)) from which the values d&,, 4H, and4S,
were calculated and listed in table 3.
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Fig.5. Arrhenius plot for the dissolution of carbon stigel M HCI with and without inhibitor at various
temperatures

Table 3. Activation parameters for the carbon steel digsmiin 1 M HCI in absence and presence of differen
concentrations of Kl

Inhibitor concentration (M) EKJ/mol) AH, (KJ/mol) AS; (3/mol.K)
0.0 50.903 48.307 -151.220
5.10° 51.719 49.124 -148.430
7510° 55.734 53.139 -136.247
10* 56.870 54.274 -133.383
10° 62.932 60.336 -118.226
510° 61.768 59.172 -122.222

The increase in Hn the presence of inhibitor indicates the phyisicisorption that occurs on

the electrode surface.

The positive sign of the enthalpies of activatinrthe absence and presence of various concentration
of inhibitor reflects the endothermic nature of thieel dissolution process and that mean the
dissolution of steel is difficult.

The entropy of activation increased in the presafid¢he inhibitor compared to free acid solutioheT
value of entropy is negative both in the absenak mesence of inhibitor, and the increase of the
entropy of activation is generally interpreted bg tincrease in disorder taking place in going from
reactants to the activated complex [14, 15].
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Fig.6. Transition Arrhenius plots of carbon steel in IH@I with and without inhibitor at various tempenas

Moreover, the average difference value of theA\H, is 2.59 kJ/mol, which is approximately
equal to the average value of RT (2.60 kJ/mol)1& RB. This indicates that the corrosion process is
unimolecular reaction as it is characterized byftlewing equation (6):.

E=4H,- RT (6)
3.5. Ador ption isotherm

Adsorption isotherms furnish information about thkeraction of the adsorbed molecules with
the electrode surface [16]. The adsorption of titgbitors can be described by two main types of
interaction: Physisorption and/or chemisorption-1B] : One is physical adsorption, which involves
electrostatic forces between ionic charges or dgpoh the adsorbed species and the electric charge
the metal/solution interface. The heat of adsompi®low and therefore this type of adsorption is
stable only at relatively low temperatures. Theeotls chemical adsorption, which involves charge
transfer or sharing from the inhibitor moleculegstie metal surface to form a coordinate type bond.
This type of adsorption is known to have much gjesnadsorption energy compared to the other
mode of adsorption. Thus, such bond is more sttligher temperatures.

The adsorption is also influenced by the structaure the charge of the metal surface, and the tipe o
testing electrolyte [20-22].
The strong correlation (R0.99) showed that the adsorption of the inhibitoolecules in 1M
hydrochloric acid on the surface of electrode obdagethe Langmuir’'s adsorption isotherm [23].
The plots of C/I versus C which is the Langmuir adsorption isothgimes a straight line with an
intercept of 1/Kqsas shown in Fig. 7. Values of the equilibrium dans of adsorption calculated by
fig 7, was use for the calculation of the standaee energy changes of adsorptiddG(.q9 through
according to Equation (7) [24,25].

Kads = (1/55.5) expdGaadRT) (7)
Where

AGags= -RTIn (55.5 K49 8)
Where R is the gas constant (8.314 J/mol.K) anslthe absolute temperature (k). The constant value
of 55.5 is the concentration of water in solutionmol/L [28], Kys iS the adsorptive equilibrium
constant (L/mol).
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Fig.7. Langmuir isotherm for the adsorption of KI on X8 &urface in 1M HCI

The negative values of the standard free energ@dsbrption indicate the spontaneity of the
adsorption process and the stability of the adsbdyecies on the carbon steel surface [29, 30].
Usually, the energy values of — 20 kJ/mol or lesgative are associated with an electrostatic
interaction between charged molecules and chargethl nsurface, physisorption; those of -40
kJ/mol or more negative involve charge sharingrangfer from the inhibitor molecules to the metal
surface to form a coordinate covalent bond, cherpism [31, 32].

The values of thermodynamic parameters are listeédble 4 K,4s value decreased in this study with
increase in the temperature indicating that adgorpaf inhibitor on the carbon steel surface was
unfavorable at higher temperature.

Table 4. Thermodynamic parameters of adsorption for casteal in 1 M HCI solution obtained from weight
loss measurements

Temperature (K) Kgs(L/mol)  AHus(KJd/mol)  AGuus(KJ/mol)  ASys(3/mol .K)

293 3911.812 -29.933 12.303
303 2477.455 - 29.804 11.472
313 1690.905 -26.328 -29.794 11.076
323 1303.437 - 30.047 11.514
333 1073.933 - 30.441 12.351

Inspection of Table 4 revealed that values thegnlercated - 29.938 AG,qs@ - 30.441 kJ/mol, less
than the threshold value (-40 kJ/mol) requireddieemical adsorption and the IE% decreased with
increasing temperature. These support the mechanfiphysical adsorption.
To calculate the enthalpy of adsorption and entropwdsorption, Inkys was plotted against 1/T
(Figure 8) and straight line was obtained with sl@pgjual to (AH,4dR). According to the Van't Hoff
equation [33]

INKygs = (-4Haad RT)+const 9
The standard entropy of adsorptitB.q4s can be calculated from the thermodynamic basiatiou as
follows [34] :

AGads: AHads' TAShds (10)
The endothermic adsorption proceddi{,s > 0) is attributed unequivocally to chemisorption][35
while generally, an exothermic adsorption procegd.{s < 0) may involve either physisorption or
chemisorption or a mixture of both the processé$. [& the present case, the negative valughef
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enthalpy of adsorptiomdicate that the adsorption of the tested comgsus an exothermic process.
The entropy of adsorption value is positive whitthilauted to the exothermic adsorption process.
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>
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Fig.8. Relationship between Lngk) and 1/T for carbon steel corrosion in 1M HCI simln with potassium
iodide.

4. Conclusion

The following conclusions can be drawn from th&utts obtained from this study:
- The inhibition efficiency increased with the irasing concentration of inhibitor and decreaset wit
increase in temperature and immersion time.
- The thermodynamic adsorption and activation patars obtained support both physical and
chemical adsorption mechanism.
- The negative sign of the standard free energydsbrption indicates is a spontaneous adsorption of
inhibitor on the metal surface.
- The adsorption of the studied inhibitors obeyes ltangmuir adsorption isotherm at all investigated
temperatures.

5. Acknowledgements

This work was supported in part by the Algerian igliry of Higher Education and Research under the
CNEPRU-Project: A13N01UN130120150002.

6. References

[1] Mohd R A., Afidah A R., Affaizza M S., 2015- 8grgy between iodide ions and mangrove tannins as
inhibitors of mild steel corrosionnals of Forest Sciencé2, 9-15.

[2] Al-Azawi KF., Al-Baghdadi SB., Mohamed AZ., Admiery AA., Abed TK., Mohammed SA., 2016-
Synthesis, inhibition effects and quantum chematadies of a novel coumarin derivative on the csioo of
mild steel in a hydrochloric acid solutiodhem CentJ. 16, 10-17.

[3] Antonijevic M M., Petrovic MB., 2008-Copper @osion InhibitorsA review Int. J. Electrochem. $8&, 1-

28.

[4] Attar T., Larabi L., Yahia H., 2014-Corrosionhibition of cold rolled steel in 0.5M H2SO4 by pssium
iodide.Der Pharma Chemics, 181-186.

[5] Sherif E.M., 2012-Corrosion Behavior of Magnesi in Naturally Aerated Stagnant Seawater and 3.5%
Sodium Chloride Solution$nt. J. Electrochem. Scr, 4235-4249.

842



© 2018 JARST. All rightsreserved

Benchadli A. et al., Journal of Advanced Resear ch in Science and Technology, 2018, 5(2), 834-844.

[6] Geethanjali R., Subhashini S., 2015-Thermodyica Characterization of Metal Dissolution and
Adsorption of Polyvinyl Alcohol-Grafted Poly(AcrymaideVinyl Sulfonate) on Mild Steel in Hydrochloricid.
Portugaliae Electrochimica Act&3, 35-48.

[7] Ashry S., Nemr A., Essawy S A., Ragab A., 2@&rosion inhibitors part V: QSAR of benzimidazealed
2-substituted derivatives as corrosion inhibitoysusing the quantum chemical parametérmg in Org Coat
61, 11-20.

[8] Zarrok H., Zarrouk A., Hammouti B., Salghi Rama C., Bentiss F., 2012- Corrosion control ofca steel

in phosphoric acid by purpald — Weight loss, elaitiemical and XPS studigsorros. Scj 64, 243-252.

[9] Okafor P C., Ikpi M E., Uwah | E., Ebenso E, Ekpe U J., Umoren SA., 2008- Inhibitory action of
Phyllanthus amarus extracts on the corrosion af stiéel in acidic medi&orros. Sci 50, 2310-2317.

[10] Quraishi MA., Singh A., Singh V K., Yadav D KSingh A K., 2010-Green Approach to Corrosion
Inhibition of Mild Steel in Hydrochloric Acid andufphuric Acid Solutions by the Extract of Murrayadnigii
LeavesMaterials Chemistry and Physick22, 114-122.

[11] Singh A., Ahamad I., Yadav D K., Singh V K.ufishi M A., 2012-The effect of environmentallynign
fruit extract of shahjan (moringa oleifera) on twrosion of mild steel in hydrochloric acid sotuti Chemical
Engineering Communication$99, 63-77.

[12] Attar T., Larabi L., Yahia H., 2014- Inhibitioeffect of potassium iodide on the corrosion aboa steel
(XC 38) in acidic mediuminternational Journal of Advanced Chemistgy 139-142.

[13] Singh A., Ebenso E E., 2013-Use of Glutamis@dew and Effective Corrosion Inhibitor for Miteel in

1 M HCI Solution.Int. J. Electrochem. Sci., 2018, 12874-12883.

[14] El Quali I., Hammouti B., Aouniti A., Ramli Y.Azougagh M., Essassi E.M., Bouachrine M., 2010-
Thermodynamic characterisation of steel corrosionHCI in the presence of 2-phenylthieno (3, 2-b)
quinoxaline J. Mater. Environ. Sgil, 1-8.

[15] Sudhish K., Shukla, Eno., Ebenso E. 2001-Gsiom Inhibition, Adsorption Behavior and Thermodgniea
Properties of Streptomycin on Mild Steel in Hydrlaele Acid Medium.Int. J. Electrochem. Scb, 3277 - 3291
[16] Noor E A., Al-Moubaraki H A., 2008-Thermodyna&rstudy of metal corrosion and inhibitor adsorptio
processes in mild steel/l-methyl-4[4'(-X)-styryl righnium iodides/hydrochloric acid systemsdaterials
Chemistry and Physic4,10, 145-154.

[17] El Ashry EH., EI Nemr A., Ragab S., 2012- Qtitive structure activity relationships of somgrigdine
derivatives as corrosion inhibitors of steel indiwimedium.J Molec Model 18, 1173-1188.

[18] zarrok H., Zarrouk A., Salghi R., Ramli Y., Kanouti B., Al-Deyab S S., Essassi E M., Oudda 8122
Adsorption and Inhibition Effect of 3-Methyl-1-Prapgylquinoxalin-2(1H)-One on Carbon Steel Corrosion
Hydrochloric Acid.Int. J. Electrochem. Sc¥, 8958-8973.

[19] Xiumei W., 2012-The Inhibition Effect of Bisdhzimidazole Compound For Mild Steel in 0.5 M HCI
Solution.Int. J. Electrochem., Scr,, 11149 - 11160.

[20] Kissi M., Bouklah M., Hammouti B., BenkaddoM., 2006-Establishment of equivalent circuits from
electrochemical impedance spectroscopy study absimm inhibition of steel by pyrazine in sulphugcidic
solution.Applied Surface Scienc252, 4190-4197.

[21] El Ashry E H., EIl. Nemr A., Esawy S A., Rag8h 2006-Corrosion Inhibitors: Part II: Quantum @leal
Studies on the Corrosion Inhibitions of Steel inddc Medium by Some Triazole, Oxadiazole and Thaadie
Derivatives Electrochimica Acta51, 3957-3968.

[22] Obot | B., Obi-Egbedi N O., Umoren S A., 208&tifungal drugs as corrosion inhibitors for alumoim in
0.1 M HCl.Corros. Sci51, 1868-1875.

[23] Tang L B., Mu G N., Liu G H., 2003-The effexttneutral red on the corrosion inhibition of cotdled steel

in 1.0 M hydrochloric acidCorros. Sci45, 2251-2262.

[24] Fekry A M., Ameer M A., 2010-Corrosion Inhilmh of Mild Steel in Acidic Media Using Newly
Synthesized Heterocyclic Organic Moleculegernational Journal of Hydrogen Energ35, 7641—-7651.

[27] Attar T., Larabi L., Yahia H., 2014-The Inhiioin Effect of Potassium lodide on the CorrosiorPafe Iron

in Sulphuric Acid. Advances in Chemistry, 2014,.1-5

[28] Olivares 0., Likhanova N V., Gomez B., Navaerd., Lianos-Serrano ME., Arce E, Hallen J M., 00
Electrochemical and XPS studies of decylamideso-@mino acids adsorption on carbon steel in acidic
environmentApplied Surface Scienc252, 2894-2909.

[29] Hamdy A., Sh.EI-Gendy N., 2013-Thermodynan@dsorption and electrochemical studies for corrosio
inhibition of carbon steel by henna extract in anedium.Egyptian Journal of Petroleun22, 17-25.

[30] Bentiss F., Lebrini M., Vezin H., Chai F., Tsael M., Lagrene M., 2005zorr. sci 51, 2165-2173.

[31] Ali S A., EI-Shareef A M., Al-Ghamdi R F., See¢ M T., 2005-The isoxazolidines: The effects @fist
factor and hydrophobic chain length on the cormosithibition of mild steel in acidic mediun@orros. Scj 47,
2659-2678.

843



© 2018 JARST. All rightsreserved

Benchadli A. et al., Journal of Advanced Resear ch in Science and Technology, 2018, 5(2), 834-844.

[32] EIl attari H., Lahmadi K., El bribri A., SinitM., 2015-The Adsorption and Corrosion Inhibitiofi on-
lonic Surfactant on Carbon Steel Surface in Hydimit Acid. International Journal of Materials and
Chemistry 5, 77-83.

[33] Mohamed S M., Mahmoud A A., 2015-Some pyrazideivatives as corrosion inhibitors for carborebta
hydrochloric acid solutiondl. eur. chem6, 342349.

[34] Badiea M A., Kikkeri N M., 2009-The effect ofsodium benzoate and sodium4-
(phenylamino)benzenesulfonate on the corrosionbhehasf low carbon steelMonatshefte fir Chemie -
Chemical Monthly140, 1-8.

[35] Durnie W., De Marco R., Jefferson A., Kinsella 1999-Development of a Structudetivity Relationship
for Oil Field Corrosion Inhibitors]. Electrochem. Spd 46, 1751-1756.

[36] Niamien P M., Kouassi H A., Trokourey A., ESBYK., Sissouma D, Bokra Y., 2012- Copper Corrosion
Inhibition in 17M HNO3 by Two Benzimidazole DerivativelSRN Materials Scienc@012, 1-15.

844



