Available online www.jocpr.com

Journal of Chemical and Pharmaceutical Research, 2%, 7(9):712-720

Research Article ISSN = 0975-7384
CODEN(USA) : JCPRC5

\ WA
o 7
”/;5[.:"@3‘1’0

o

Influence of a derivative of cyclotriphosphazene aa corrosion inhibitor for
carbon steel in 3% NaCl medium

Omar Dagdag’’, Mustapha El Gouri'? Mouhsine Gala?, Mohamed Ebn Touhamf,
Azzouz Essamrf and Ahmed El Harfi*

L aboratory of Polymers, Radiation and EnvironméFgam of Macromolecular & Organic Chemistry, Depastrn
of Chemistry, Faculty of Science, University Tafail, Kenitra, Morocco
?Laboratory of Sciences and Techniques of ProceginBering, Department of Process Engineering, Heigh
School of Technology, Sidi Mohammed Ben Abdalleh, Morocco
3Laboratoire de Matériaux, d’Electrochimie et d’Ersinement (LMEE), Département de Chimie, Faculg de
Sciences, Université |bn Tofail, Kenitra, Morocco
“Laboratory of Agroressources and Process Engineefepartment of Chemistry, Faculty of Sciencesyérsity
Ibn Tofail, Kenitra, Morocco

ABSTRACT

Hexa propylene glycol cyclotriphosphazene(HPGCP)usesl as corrosion inhibitor and its inhibiting &xt on the
corrosion of carbon steel in 3% NaCl solution waseastigated using weight loss test potentiodynauiarization
and electrochemical impedance spectroscopy (El&)niques method has been employed in this studsultRe
indicated that the HPGCP compound acted as an andahibitor. The inhibition efficiency of carbonest
increased with increasing concentrations of thdhbitbr.
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INTRODUCTION

Iron and its alloys are widely used in many indastand engineering applications, including condian, where
they are deployed in various service environmemtstaining acids, alkalis and salt solutions. Thesevice
environments may easily lead to an inevitable om of metal exposed surfaces because of theneagigeness

[1].

Several techniques were applied to reduce the siomaate for metals. The use of inhibitors is @fi¢he most
convenient methods for the protection against sioroin 3% NaCl [2-8].

Most inhibitors are heterocyclic compounds contagnin their structure heteroatoms such as nitrogeggen,
sulfur and phosphorus [9-12].

These compounds can certainly form either a stmoogerdination bond with a metal atom or a pas§ine on the
surface [13].

The inhibition of metal corrosion can involve eithghysisorption or chemisorption of the inhibitar the metallic
surface. The electrostatic attraction between ttigdphilic groups, which are responsible and actesters for the
metal surface, leads to physisorption. Severalasthave shown that most of the inhibitors haventeesorbed on
the metal surface by displacement of water molecfileam the surface and forming a protective filmfing a very
compact barrier [14].
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In this work, the Hexa propylene glycolcyclotrippbszene (HPGCP) (Fig. 1) was prepared by solvolysihe
epoxy resin HGCP [15-18] in basic solution of NaOhe evaluation of the inhibitory efficacy of HPG@R-a-vis
carbon steel in 3% NaCl solution was confirmed bgight loss, electrochemical techniques using the
potentiodynamic polarization curves tests and thetechemical impedance spectroscopy (EIS).

EXPERIMENTAL SECTION

Materials

The chemical structure of the studied compoundrésgnted in Figure 1. HPGCP is relatively cheap easy to
produce in purity greater than 95%. The non-toXitHBGCP makes the investigation of its inhibitingperties
significant in the context of the current prioritp produce “environmentally friendly” inhibitors. RGCP
wasobtained according to the procedure literatlsel8].

HO OH H OH

HO OH HO OH

Fig 1 : Structure of Hexa propylene glycolcyclotrijnosphazene (HPGCP)

Gravimetric measurements
The carbon steel sheets®fcm x 1 cm x 0,2 cmr were abraded with different emery papers (graole #00
to 1500), washed with double distilled water, rohssith ethanol and then dried at room temperatéder

weighing accuracy, the specimens were immerseéakdrs containing 100 ml of 3 % NaCl solution wvdtfferent
concentrations of the tested inhibitor for 24 228 K.

After the specimens were taken out, washed, daird,weighed accurately. In order to obtain goodagypcibility,
experiments were carried out in triplicate. Therasion rate ), surface coverag&) and inhibition efficiency
(Ex%) were calculated from the following Egs. (1)—(3)

w,, =W ®
St
o= W )
WO
_W-W x
=———x100 3
E. W 3)

0
whereV\é andWare the weight loss values in absence and pres#rinibitor, respectively,S is the total area

per cm? andlis the immersion time iR .

Electrochemical measurements

Electrochemical cell

The electrolysis cell is Pyrex cylinder closed bgagp with three apertures. The working electroda fgeviously
used carbon steel and has the following composifdmwt): C 0.11%, Si 0.24 %, Mn 0.47%, Cr 0.12 g 0.02%,
Ni 0.1%, Al 0.03%, Cu 0.14, Co <0.0012 %, V <0.003860.06 % and Fe balance.
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The investigated area of the surfack BNT . Pt plate is used as the counter electrode wig / AgCl) is used

as the reference electrode wiBM concentration of|~. All potentials are referred to with respect tasth
electrode. For long exposure experiments, betwaennteasurements, the reference electrode was rehfove
the test solution to minimize its contaminationdiyoride ions and the working electrode was semimersion for
30 mn before each test. Before each experimentwtirking electrode was abraded by successive emapgr
treatments from 60 up to 1500 grade until a smaotth a planar surface was obtained. This was foliowe
washing thoroughly with distilled water, degreasiygethanol, and finally drying with compressed air

Polarization measurements

The working electrode is immersed in test solutioning 30 mn until the steady state corrosion m’né('Ecorr) is
reached. The cathodic polarization curve is theronded by polarization frofr,,, towards more negative
direction with a sweep rate bfmV / <. After this scan, the same electrode is kept Int&m until the obtaining of

the steady state corrosion potentdE,, * 20mV/ Ag/ AgC), and then the anodic polarization curve is

recorded fromE.,, to positive direction with the same sweep rateesehmeasurements are carried out using
PotentiostaPZC 100monitored by a personal computer. For each coratony; three independent experiments
are performed. The main values and the standardttms are reported as well.

However, the overall current densityjs considered as the sum of two contributionsdamand cathodic curreint

andi,, respectively. For the potential domain not tooffam the open circuit, we can consider that hmtbcesses
obey the Tafel law [19], so we can conclude:

i =i H,

i= icorr X{exp[ba X(E - Ecorr) - eXF{bc X( E- Ecorr):l]} (4)

Wherei, is the corrosion current dens(tiAcm'z) ,b, andb; are respectively the Tafel constant of anodic and

cathodic reaction%V'l) . These constants are related to the Tﬁ{}\/dec'l) in usual logarithmic scale by:

Logl0 _ 2.30¢

F==% b

®)

The corrosion parameters were then evaluated bysngfanonlinear least square method by applying eéhuation
using Origin 6.0 software. However, for this caltidn, the potential range applied is limited to
+100mV / Ag/ AgClaround theECorr else, and a significant systematic divergenceisetimes observed for
both anodic and cathodic branches.

The inhibition efficiency(/]) is calculated using the following equation:

%= [1— '0—] x100 (6)

corr

wherei’ andi__are the corrosion current density values without w&ith the inhibitor respectively.

corr corr

EIS measurements

The electrochemical impedance spectroscopy measutenare carried out using a transfer function yenaal
(Voltalab PGZ100, Radiometer Analytical), over fhequency range from 100 kHz to 0.1 Hz with 10 p®iper
decade. The applied amplitude of AC signal is 104u\All experiments are performed at the open cirpuaiential.
The obtained impedance data are analyzed in tefraguivalent electrical circuit using Bouckamp’sgram [20].
The inhibition efficiency is evaluated froR}, (which is obtained from the diameter of the semleiin the Nyquist
representation) with the following relationship:
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0

n% = 1-2 |« 100 )
R,

Where I{and R, are the resistance polarization values in the rat@seand in the presence of the inhibitor,
respectively.

RESULTS AND DISCUSSION

Gravimetric measurements

Table 1 summarizes the values of corrosion réig,{), the area coveredland the percentage of the inhibiting
efficiency of corrosion obtained from the stepsweight loss to carbon steel in the absence anepcesof HPGCP
at different concentrations at 298 K in 3% NacCl.

Table 1: Inhibition efficiency for different concentrations of carbon steel in 3% NaCl obtained from veight loss measurements at 298 K
after 24 h of immersion

Concentration (C) Weight loss E, 7]
(M) (Weor/ mg cm?h™) | %
Blank 00 3 - -
10° 0.23 92| 0.92
10° 0.22 93| 0.93
HPGCP 104 0.17 94 | 0.94
10° 0.12 96| 0.96

From the results above, it is observed that thébitdry efficacy increases with increased concditraof the
inhibitor, and reaches a maximum value of 96 % @Gt M of HPGCP. This behavior can be attributed to the
increase of the surface covered by the moleculeSEHP adsorbed on the metal surface with an incrieatieeir
concentration by the formation of a protective fayhich can be explained by:

1)Electrostatic attractions between the charged eitéise metal (usually steel) and sites responsdl&lPGCP.
2)The interactions between the lone pairs of therbatems (O, N and P) and with HPGCP the vacantairbf the
metal.

3)The interactions between theslectron HPGCP and metal.

Potentiodynamic polarization measurements

Figure 2 shows the polarization curves of carberlswhich is obtained in 3% NaCl medium at 298lstgoafter an
immersion in the absence and presence of HPGCHfatedt concentrations.To study some phenomenatwhi
characterize metal or corrosive environment,wet@tbthe cathodic polarization curves of steel iB8% NacCl
solution at different concentrations. The analysisthe cathodic curves show the existence of ttaems of
potential which are:

The first area between the potential of corrosiBg,§ and the potential corresponding at the beginmifighe
landing which according to the following reacti@):(

O, + 2H,0 + 4e - 40H (8)
The second area is the pseudo-level correspondiogyigen diffusion.

The third area which is located after the leveldods the most negative potentials correspondsetaettiuction of
water according to the reaction (9):

2H,0 + 2¢ - H, + 20H" 9)

The analysis of the anodic polarization curvesteélsin 3% NaCl at different concentrations sholmes éxistence of
a speed in an exponential form which shows thaptbeess of dissolving the metal is reacted wipluige activation
kinetics. The metal oxidation reaction is as foko{&0):

Fe - F€' + 2¢€ (10)
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In the presence of activate chloride ions, the andidsolution of the metal occurs the followingcéons [21].

Fe + CI" <[~ (FeCI)
(FeCI"), . <[~ (FeC)
(FeCl),,
FeCl" -0~ F€" + CI

ad

ads ads

I (Alcm?)

<[ FeClI' + 1€

. 11)
+ 1€ (12
(13
(14)
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Fig 2: Polarization curves of carbon steel in 3% N&l in the presence of different concentrations dfPGCP
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Fig 3:Comparison of experimental data and by mountig a non-linear fitting with Stern-Geary equation for different concentrations
HPGCP)

From the results obtained, we note on the one hamdhcrease of current densities on the two cathaxd anodic
branches after the addition of different conceidrst of HPGCP with increasing inhibitory efficienend an
achieved concentration of a maximum value of 9% %0aM.

On the other hand, after the addition of the inbibithe anodic branches showed a significant ahangthe
potential which is shifted to more anodic potenfiaore positive) for HPGCP in higher concentratjowhich
indicates that the compound is classified as ardianahibitor with a wider area over the passivgioa.These
results suggest that HPGCP inhibitor reduces tlogliardissolution of iron and retards the reductiéroxygen. In
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addition, in the anodic area and especially for tilie concentrations 10and 10 M in HPGCP, both anodic
branches recount a pseudo current level in theiaravéa of potentials close to -0.3 ar@, 2V / Ag/ AgCl
respectively to 10 M and 10° M, which can be attributed to the coverage ofbitbiry molecules adsorbed by
forming a protective film on the surface of thelar steel.

Also other authors noticed that the inhibitory noolles adsorbed onto the carbon steel surface dantieély
screen for potential sites for the adsorption dbtle ions and then act as a barrier to blockatsorption of
chloride ions on the metal surfaces [22-31].

Table 2: summarizes the different electrochemicalgrameters associated with carbon steel polarizatioourves in 3% NacCl at different
concentrations HPGCP

C Ecorr | corrxloG ba be n

™M) | (mviagiagel) | (Alem?) | (v | (v | %
Blank 00 -559 280 19 -19 -
10° -552 40 89| -12.1] 8§
10° -498 27 10.5| -1285 9
HPGCP | 10” -463 14 79| -147 94
10° -320 3 8.9 -10.9 99

Electrochemical impedance spectroscopy

To confirm the results obtained by the polarizatmnves and to extract more information about theasion
mechanisms, we used some techniques of electrochbmipedance.The Nyquist diagrams and of Bodeirdda

in 3% NaCl medium in the absence and presence ftdreit concentrations for HPGCP after one hour of
immersion at 298 K are shown respectively in Figuteand 5.

7000
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Fig 4: Comparison between the impedance measuremen(Scatter) data and circuit simulation (red line)of carbon steel in 3% NaCl at
different concentrations of HPGCP

The Nyquist diagram (Figure 4) drawn after an hofirprior maintaining the free corrosion potentiahs a

capacitive loop which can be divided into two separloops are males and they are confirmed by thdeB
diagrams. The first high frequency (HF) relatecharge transfer reactions which occur in the paresdefects of
the protective film that determines the procesé i@d iron. The second low frequency (BF) is typicassigned to

a slow process of transporting the material agltfiesion which can be attributed to the formatifra film on the

surface of the carbon steel by the molecules oirthibitor, oxides and iron hydroxides [30, 31].

We notice that the diameter of the half-circledatiee to the witness, increases with increasingceatrations of
inhibitor, which means that increasing concentretitead to an increase of the inhibiting effecthdeea delay of
iron dissolution speed due to the formation ofatgutive film on the surface of the electrode [26].

To have the electrochemical impedance spectrosasuts, we relied on the established equivalentitiin figure
6 which we chose to reasonably adapt to the exeetiathresults. This circuit is composed Rfis the resistance of
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the electrolyte @.cnt), Ry is the charge transfer resistan€echf), R represents the film strengtf.cnf) and
hereR, (Q.cn?) is equal to the sum &, R andR; (R, = R + R - Ry, the constanCPE, andCPE phase elements
are used to replace the double layer capacitabgeand film capacitanceX), respectively [26].

A comparison between the measured data and simlédir the impedance for the control and in thespree of
different concentrations of HPGCP are shown in fagl

Bode diagrams obtained in 3% NaCl medium in theeabs and presence of HPGCP at different conceotisatire
shown in figures (5a) and (5b). In Figure (5b), wetice that the phase angle increases with incrgasi
concentrations of the inhibitor, the values of fifease angles are respectively 52 °, 55 °, 57 °7dhd. These
developments indicate the protecting layer by iitbilg molecules that replace the hydrated layerttmn steel
surface [17, 18]. According to the literature, thgpedance spectra of carbon steel in NaCl solwtiencomposed of
two time constants [27-29].
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Fig 5: (a) and (b) the Bode plots for carbon steéh 3% NaCl at different concentrations of HPGCP
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Table 3: Electrochemical impedance parameters forarrosion of carbon steel in 3% NaCl at various corgnts of HPGCP.

C Rs R Cs Ca Ret Rp n%
M) | (Q.cm?) | (kQ.cm?) | (uF/cm?) | (uF/cm?) | (kQ.cm?) | (kQ.cm?)
Blank 00 10 0.175 201 - - 0, 165 -
10° 15 0.04 170 165 1.1 1,1 85
HPGCP | 10° 12 0.1 110 141 15 1,6 9
10* 12 0.3 43 68 2.4 2,7 94
10° 8 2.1 11 52 6.9 9 98

Electrochemical adjusted parameters are shown lileTaas well as the inhibitory efficiency%) was calculated
by the previous equation (7).

The examination of Table 3 show tha} andC; values decrease while the valuesRpandR;; increase when the
concentration of HPGCP increases. The significaéstehse in capacitance values can be attributadiezrease in
the dielectric constant or increasing the thickrafshe electrical double layer due to the adsorptf the inhibitor
forming a protective layer on the carbon steelaef[32].

Similarly, when the concentration of inhibitor ieaises, the values of charge transfer resistdnéacrease. These
respective evolutions d&; suggests that the amount of inhibiting molecutesnkd on carbon steel increases, and
consequently the decrease of active sites becoetessary for the reactions of iron dissolution.

The remarkable increase in film strenlrould be attributed to the formation of a proteetidm on the surface of
the steel constituted of adsorbed inhibitory molles@and/or formed corrosion products [33, 34].

The equivalent circuit model employed for thesdeys is presented in Figure 6.

Fig 6:The electrochemical equivalent circuit usedd fit the impedance spectra
CONCLUSION

The inhibition efficiency of carbon steel corrosiomn 3% NaCl by Hexa propylene glycol
cyclotriphosphazene(HPGCP)has been investigatedhtvéiss test and using electrochemical measureriiéet
following conclusions were drawn from this study:

1) Reasonably good agreement was observed betweemtipdi@amic polarization and electrochemical
impedance spectroscopy techniques.

2) The examined HPGCP shows excellent inhibition prisggefor the corrosion of carbon steel in 3% NatC298

K, the efficiency values of inhibition increasedstantially with increase of the concentrationtad tnhibitor. The
maximum inhibition efficiency of 98% was observed &> M concentration.

3) The concentration dependence of the inhibitioncifficy calculated from weight loss measurements and
electrochemical studies were in good agreementedas the polarization results, the investigatedsBP acts
predominantly as anodic-type inhibitor.
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