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ABSTRACT

The corrosion inhibition of mild steel in 0.5 M$0, in the presence of tN"-bis(2-(bis((3,5-dimethyl-1H-pyrazol-
1-yl)methyl)amino)ethyl)-\N*bis((3,5-dimethyl-1H-pyrazol-1- yl)methyl)ethan@-tliamine (PAP) has been
studied by electrochemical techniques (DC polariratind AC impedance) and weight loss measurerRagult
obtained reveal that this pyrazole derivative isoddnhibitor for mild steel in 0.5 M }$Q,. Tafel polarization
studies clearly reveal the type of inhibitor. Tipigrazole derivative acts on cathodic and anodicctiesms and
reduces corrosion current density. Changes in iraped parameters (Rand ;) are indicative of adsorption of
the pyrazole derivative on the metal surface legdm formation of protective film which grows witicreasing
concentration and inhibition efficiency values iease. The effect of temperature on the corrosidratier of mild
steel with the addition of the pyrazole derivatiwas studied in the temperature range from 303 t8 83
Thermodynamic parameters for adsorption and adtwvaprocesses were determined. Adsorption of tihsbitor
follows the Langmuir adsorption isotherm.

Keywords: Mild steel, Pyrazole derivative, Adsorption, Electhemical techniques, Weight loss measurement.

INTRODUCTION

Mild steel has found extensive application in vasiondustries. Acidic solutions are used extengivelchemical
and several industrial processes such as acidiqggldcid cleaning, acid descaling and oil wet mieg and etc [1].
Chemical inhibitors are often used for these preegsnainly to control the metal dissolution andl @cinsumption.
Most of well known acid corrosion inhibitors areganic compounds containing nitrogen, sulfur or @tygtoms. It
has been found that most of the organic inhibitaast by adsorption on the metal surface
[2-25]. This phenomenon is influenced by the natanel surface charge of metal, by the type of agores
electrolyte, and by the chemical structure of iitbits. Electrons transfer from inhibitor to the wmdeis facilitated
when the inhibitor molecule has an unshared lofregbalectrons on the donor atom. Availabilityotlectron due
to the presence of multiple bonds or aromatic rimgthe inhibitor molecule would facilitate eleatrinteract with
d-orbital of iron [26, 27]. Some organic compourftve been synthesized and investigated as inhsbftr
corrosion of metals in acidic solutions [28-31].€eTbbjective of the present research paper was udy sthe
inhibition action of newly synthesized pyrazole idative on the corrosion of mild steel in 0.5 M30, at room
temperature. The structure this pyrazole derivatv@own in Fig. 1.
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Figure 1: Molecular structure of the pyrazole derivative
MATERIALSAND METHODS

Materials

The steel used in this study is a mild steel witthamical composition (in wt%) of 0.09%P, 0.01 % @I38 % Si,
0.05 % Mn, 0.21 % C, 0.05 % S and the remaindar {fee). The steel samples were pre-treated poidhé
experiments by grinding with amery paper sic (2210, 800, 1000 and 1200); rinsed with distilledevatiegreased
in acetone, washed again with bidistilled water #ech dried at room temperature before use.

Solutions

The aggressive solutions of 0.5 M3D, were prepared by dilution of analytical grade 9B%&0, with distilled
water. The concentration range of',N'-bis(2-(bis((3,5-dimethyl-1H-pyrazol-1-yl)methyl)amo)ethyl)-N, N>
bis((3,5-dimethyl-1H-pyrazol-1- yl)methyl)ethane2ddiamine (PAP) used was M to 10°M.

Gravimetric study

Gravimetric experiments were performed accordinthéostandard methods [32], the mild steel shee2sxol x 0.2
cmwere abraded with a series of emery papers SiC, @20 and 1200) and then washed with distilled watel
acetone. After weighing accurately, the specimeesevimmersed in a 50 mL beaker containing 100 m0.6fM
H,SQO, solution with and without addition of different mmentrations inhibitor. All the aggressive acidusioins
were open to air. After 6 h of acid immersion, $ipecimens were taken out, washed, dried, and wetigbeurately.
In order to get good reproducibility, all measuretsewere performed few times and average values vegorted
to obtain good reproducibility. The inhibition efiéency @w.%) and surface coverag®)(were calculated as
follows:

W, —W
Cp=—12—2 1
R At (1)
N (%) = (1—ﬂ]xloo @)
WO
9=(1—%J 3)
0

whereW, andW,; are the specimen weight before and after immeiisidhe tested solutiomy, andw; are the values
of corrosion weight losses of mild steel in unintdd and inhibited solutions, respectivefythe total area of the
mild steel specimen (cihandt is the exposure time (h).
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Electrochemical measurements

The electrochemical measurements were carried $iag \/olta lab (Tacussel- Radiometer PGZ 100) paistate
and controlled by Tacussel corrosion analysis sofwmodel (Voltamaster 4) at under static conditibhe
corrosion cell used had three electrodes. The erfer electrode was a saturated calomel electro@G&)(SA
platinum electrode was used as auxiliary electafdeurface area of 1 émiThe working electrode was mild steel of
the surface 1 cfmAll potentials given in this study were referredthis reference electrode. The working electrode
was immersed in test solution for 30 min to a dithisteady state open circuit potentigl{). After measuring the
E.cp the electrochemical measurements were perfordi@lectrochemical tests have been performed iratad
solutions at 298 K. The EIS experiments were cotetlin the frequency range with high limit of 10BZand
different low limit 0.1 Hz at open circuit potertiavith 10 points per decade, at the rest potenatiér 60 min of
acid immersion, by applying 10 mV ac voltage peafp¢ak. Nyquist plots were made from these experisad he
best semicircle can be fit through the data pamthe Nyquist plot using a non-linear least squirso as to give
the intersections with theaxis.

The inhibition efficiency of the inhibitor was calated from the charge transfer resistance valssguthe
following equation:

n.9%="" 100

t

(4)

Where, Ry and R, are the charge transfer resistance in absence amdsence of inhibitor, respectively.

After ac impedance test, the potentiodynamic po#didn measurements of mild steel substrate irbitdd and
uninhibited solution were scanned from cathodicttte anodic direction, with a scan rate of 1 mV. She
potentiodynamic data were analysed using the alawin VoltaMaster 4 software. The linear Tafelmegts of
anodic and cathodic curves were extrapolated tmsimn potential to obtain corrosion current deesifcor).

The inhibition efficiency was evaluated from theamared ., values using the following relationship:

leorr =V eonr
corr corr(l
M

Irare(%0) = 100 ®)

I corr

wherel .r andl o) are the corrosion current densities for steeltedde in the uninhibited and inhibited solutions,
respectively.

RESULTSAND DISCUSSION

Gravimetric study

Effect of concentration

The inhibition efficiency with different concentiat of the inhibitor (PAP) on mild steel has beemlaated by
weight loss measurements and the results are giv€able 1. In all cases, the valuewj, increases with increase
in inhibitor concentration, suggesting an increabéhe number of molecules adsorbed on mild stedhse [33],
blocking the active sites of acid attack which pot$ the metal from corrosion. The maximum efficienf PAP is
94% in 0.5 M HSQ,. The corrosion inhibition of the compound is dadfte presence of heteroatom (N) and serval
cycles pyrazoles.

Table 1: Weight loss values of various concentrations of PAP in 0.5 M H,SO, solution

Medium Conc Cg 0 nwL
(M) (mglcnt h) (%)
Blank 1.0 1.608 — —
10°  0.097 094 94
10°  0.129 092 92
PAP 100  0.289 082 82
10° 0.322 0.80 80

Effect of Temperature

The effect of temperature on the performance ofPtAP (Table 2) clearly indicates that the corrosite increases
with increasing temperature. Adsorption and desampof inhibitor molecules continuously occur aetmetal
surface and an equilibrium exists between two @eee at a particular temperature. With increageroperature,

69
www.scholarsresearchlibrary.com



S.EL Arouji et al Der Pharma Chemica, 2015, 7 (10):67-76

the equilibrium between the adsorption and desmmgirocesses is shited to a higher desorptiortmateadsorption
until equilibrium is again established at a diffgrgalue of equilibrium constant.

Table 2: Weight lossvalues of PAP at 10° M at various temperaturesin 0.5 M H,SO,solution

Medium Temp Cg 0 nwi
(K) (mg/cnt h) (%0)
303 1.619 — —

Blank 313  3.862 — —
323 8.298 — —
333 14.407 — —
303 0.162 0.90 90

PAP 313 0.368 0.90 90
323 1.649 0.80 80
333 4.322 0.70 70

The activation thermodynamic parameters of theasion process were calculated from Arrhenius EJ.aftd
transition state Eq. (7) [34]:

E
C, = kexp ——2 6
" eXF( RT] (6)

RT AS, AH
CR =—eX 2 lexp — a (7)
Nh R RT
where E, is the apparent activation corrosion enerByis the universal gas constatt,is the Arrhenius pre-

exponential factorh is Plank’s constant\ is Avogrado’s humber)S, is the entropy of activation artH, is the
enthalpy of activation.

Figure 2 presents the Arrhenius plots of the natogarithm of the corrosion rate vs. 1/T for matkel in 0.5 M
H,SO, without and with addition of PAP. The calculateadues of activation energy are given in Table 3 @hata
show that the activation energyJ©f the corrosion in mild steel in 0.5 M,80O, solution in the presence of this
compound is higher than that in the free acid smutThe increase in the apparent activation enérgynild steel
dissolution in inhibited solution may be interpeetes physical adsorption that occurs in the fit@ges [35]. Szauer
and Brand explained [36] that the increase in atitm energy can be attributed to an appreciabdeedse in the
adsorption of the inhibitor on the mild steel sagavith increase in temperature.

. = Blank
* PAP

Ln (Cg) (mg cm? h'?)

T T T
3.00 3.05 3.10 3.15 3.20 3.25

1000/ T (KY)

Figure 2: Arrheniusplotsof Ln Cg vs. U/T for mild steel in 0.5 M H,SO, in the absence and the presence of PAP at optimum
concentration

Figure 3 shows a plot of LnCg/T) against II. A straight lines are obtained with a slope of
(-AH4/R) and an intercept of (LR/Nh + AS/R) from which the values dfH, andAS, are calculated and are listed in
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Table 3. Inspection of these data reveals that\thevalue for dissolution reaction of mild steel irb O H,SO, in
the presence of PAP is higher than that of in theeace of inhibitor. The positive signs &H, reflect the
endothermic nature of the mild steel dissolutioacpss suggesting that the dissolution of mild steslow in the
presence of inhibitor [37].

Ln (C/T) (mg cm? h! K2)

'
[ee]

3.00 3.05 3.10 3.15 3.20 3.25

1000 / T (KY)

Figure 3: Arrheniusplotsof Ln (Cg /T) vs. 1T for mild steel in 0.5 M H,SO, in the absence and the presence of PAP at optimum
concentration

In addition, the value &S, was higher for inhibited solutions than that foe uninhibited solution (Table 3). This
suggested that an increase in randomness occumrggbiag from reactants to the activated complexusTthe
increasing in entropy of activation was attributedhe increasing in solvent entropy [38].

Table 3: Corrosion kinetic parametersfor mild steel in 0.5 M H,SO, of PAP

Medium k Ea AH AS

(mg cm? hh a A
(kd/mol)  (kd/mol)  (I/mol K)

Blank 2.62 x 16 7141 68.78 -16.06
PAP 2.57 x 18 112.94 110.33 98.64

Adsorption isotherm

The interactions between the inhibitor and the matlekl surface can be examined by the adsorptatheéem. The
inhibition efficiency is directly proportional tdh¢ fraction of the surface covered by the adsorhetécules §),
which was calculated in this case using the eqnoatie 7w (%)/100. The adsorption isotherms most frequently
used are Langmuir, Temkin, Frumkin and Flory-Huggihherefore, each of these adsorption isothernsstestied
for its ability to describe the adsorption behavairPAP on a mild steel surface in anS@, solution. The
coefficient of determination @R was considered to choose the isotherm that fitesti the experimental data. The
linear relationships of @/vs. C, shown in Figure 4, suggest that the adsoraif PAP on the mild steel obeyed the
Langmuir adsorption isotherm. This isotherm camgpgesented as:

C_1.c @)
6 K

where K is the adsorption constant, C is the coma#gaon of the inhibitor and surface coverage val@® are
obtained from the weight loss measurements forouarconcentrations. Plots oféG/ersus Cyield a straight line

as shown in Fig. 4. In this case the linear regoessoefficient &) is equal 1 and the slopes is very close to 1,
indicating that the adsorption of PAP in 0.5 M3, follows the Langmuir isotherm and exhibit singlgda
adsorption characteristic. According to Eq. 8, K d& calculated from intercept on theéd Gkis. By use of the

o

equation belowAG_ . can be calculated from K.

ads

AG,, =-RTLH55.5K,) ©)
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Where R is gas constant and T is absolute temperaif experiment and the constant value of 55.%hés
concentration of water in solution in mol*LThe thermodynamics parameters derived from Largadsorption
isotherm for the studied compound, are given inlddb

0.0012
0.0009H
0.0006+
Q
O
0.0003
0.0000
T T T T T T T T
0.0000 0.0003 0.0006 0.0009
C (mol L)

Figure4: Langmuir adsor ption of PAP on the mild stedl surfacein 0.5M H,SO, solution

Table 4: Thermodynamic parametersfor the adsorption of PAP in 0.5 M H,SO, on the mild steel at 298 K

Inhibitor  Slpoe K R’ °
(e AG'ads
(kJ/mol)
PAP 1.06 73515898 1.0 -43.42

The values ofAG;dswas also listed in Table 4. The negative valueésﬁi;dS suggest that the adsorption of PAP is

a spontaneous process. Generally speaking, vafuéfﬁidsup to -20 kJ met indicate the electrostatic attraction

between the charged metal surface and chargediongatecules in the bulk of the solution (physid@p). Those
around -40 kJ mdi or smaller involve charge sharing or charge teméfetween the metal and the organic
molecules (chemisorption) [39]. In the present gtutle calculated standard free energy of adsarpiiue is
closer to -40 kJ mdl(Table 4). Therefore it can be concluded that ttieogption of the PAP on the mild steel
surface is more chemical than physical [40].

Potentiodynamic polarization study

In order to characterize the studied polymers tieeanodic, cathodic, or mixed inhibitor for therrmsion process
of mild steel in 0.5 M H2SO4 solutions, polarizatiexperiments were undertaken. Typical anodic attiodic

curves obtained for the dissolution of mild steelthe acid induced environment without and withiaas

concentrations of PAP at 298 K are depicted in fedat In order to obtain information about the kice of the

corrosion, some electrochemical parameters, ioetpsion potential (&), corrosion current density.}), cathodic

tafel slopesfic) and the inhibition efficiencyngae) Obtained from the polarization measurements westediin

Table 5.

72
www.scholarsresearchlibrary.com



S.EL Arouji et al Der Pharma Chemica, 2015, 7 (10):67-76

2.0
159 temmmy,, Jo—
-W'l‘l“"u e ny “‘“',.QQ"M
1.0 ““‘nlxx“ ."l-. ",oﬁ’." '
1 T3y, " 'a’:“
& 0.54 L
g | ol .-:'-.
< 0.0 T -'_'_ —«— Blank
1 ® .V —e — 7
é-o.s- o 104'\"
5 W 10°M
fm -1.04 “‘n'[ | —v—10°M
< \‘ 10°M
315 1
2.0 i
-2.5 T T T T T T T T T T T T
600 -550 -500 450 -400 -350  -300

E__(MV/SCE)

Figure5: Polarization curves of mild steel in 0.5 M H,SO, containing different concentrations of PAP

Table5: Theelectrochemical parametersfor mild steel in 0.5 M H,SO, solution without and with different concentration of PAP at 298

K
Medium Conc -Ecorr ‘ﬁc lcorr Nrafel
(M) (mV/SCE) (mVdec) (pAcm? (%)
H,SO, 0.5 4529 232.5 6861.6 —
10°  465.9 183.9 384.2 94
PAP 10°  468.4 181.0 548.9 92
10°  468.7 199.3 1578.1 77
10° 4529 193.8 1606.3 76

Inspection of Fig. 5 shows that the addition of P#2 an inhibitive effect in the both anodic anthodic parts of
the polarization curves and shifts both the anadid cathodic curves to lower current densities. fEukiction in
leorr IS pronounced more and more with the increasihgpitor concentration. It has been observed that Woof
PAP serves as an optimum concentration that exhigiter efficiency of corrosion inhibition. The meased
inhibition efficiency with the inhibitor concentrah indicates that the tested organic compound lagtadsorbing
on the mild steel surface. The presence of PAP.5nM H,SO, solution shifts the corrosion potential slightly
towards more negative potentials with respect to dbrrosion potential observed in the unhibiteditsmh. The
largest displacement of.& was about 15.5 mV (< 85 mV), which indicates tR&P might act as a mixed-type
inhibitor [41]. The cathodic branch of polarizatienrves was given rise to parallel lines. This shdhat the
addition of PAP to the 0.5 M 430, solution does not change the cathodic hydrogetuggn mechanism and the
decrease of Hions on the surface of mild steel take place myaintough a charge transfer mechanism [42]. The
inhibition effect of PAP may be caused by the siemiplocking effect, namely the reduction of reactéwaa on the
corroding surface.

Electrochemical impedance spectroscopy (EIS)

Electrochemical impedance spectroscopy is a véeitadnl and has been widely used in investigatingasion
inhibition processes. It provides information ortbthe resistive and capacitive behaviour at agrfate and makes
it possible to evaluate the performance of testmmmds as possible inhibitors against metal carrogt3,44]. Fig.
6 illustrate the Nyquist of mild steel in 0.5 M,$D, solution without and with various concentratioisP@\P at
298 K. It is seen that all the Nyquist plots forldnsteel in test solutions consist of a capacitvep at high
frequencies (HF) and an inductive loop at low frenagies (LF), and the diameter of HF capacitive Isigmificantly
enhances and the LF inductive loop gradually dezgab the inhibitor concentration increases, wirdicate the
presence of the inhibitor has little influence ba torrosion mechanism [45] and the corrosion E®0oé mild steel
in test solution is mainly charge-transfer con&dll[46]. The HF capacitive loop is usually relatedthe time
constant of charge transfer and double layer ctpam [45,47-49], while the LF inductive loop isriduted to the

relaxation process obtained by adsorption specieb as 6042' Yags and (H)ags [46-49] or adsorption-desorption

process of inhibitive molecules on working elecealirface [45,46]. Amin et al. think that thS@f“ )ads IS Most
probable adsorption specie as the electrode sunfag@ositive charges in the acid medium at theosmm potential
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[47]. The HF capacitive loops show depressed sectégiwhich are attributed to the frequency disiperslue to the
roughness and non-homogeneity of working electsadéace [50,51]. The impedance parameters namghRR
Cq andn, are given in Table 6.

Blank
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6 « 10M
10'™M
. v v 10°M
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44 . A Y oAY uy ; . | 10°™M
g 2 i vv‘ @ v L] .
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Figure 6: Nyquist plotsfor mild steel in 0.5 M H,SO, solution without and with different concentration of PAP at 298 K

Table 6: Impedance parameter swith corresponding inhibition efficiency for the corrosion of mild steel in 0.5 M H,SO, at different
concentrations of PAP

Medium Conc Rs Ret Ca n.
M)  (@cnf) (Qcenf)  (uFen?) (%)

H.SO, 0.5 2.7 2.8 229.8 —
10° 3.0 49.2 102.5 94
10° 3.0 31.3 102.4 91

PAP 10° 2.7 14.6 110.0 81
10° 2.7 14.1 142.3 80

The results in the Table 6 show that iRcreased with increase in the concentration oP Rvhich also corresponds
with the increase in the diameter of the semic#clehile G, decreased with increase in concentration. This
behaviour could be related to the formation of msulated adsorption layer [52], of PAP onto theslstirface
leading to the formation of a film which isolatdsetmetal from dissolution and charge transfer.dditéon, the
more the inhibitor is adsorbed, the greater thektiéss of the barrier layer according to the Heltahmodel given

in egn (9) [53]:

_E&,A

"=y (10)

C

where d is the thickness of the protective laygr,is the dielectric constant of the mediud, is the vacuum
permittivity and A is the efective area of the élede.

CONCLUSION

The following results can be drawn from this study:

v'PAP acts as a good inhibitor for the corrosion ddmsteel in 0.5 M HSQ, and its inhibition efficiency is
concentration dependent.

v'The inhibition efficiencies could be increased witle increase of PAP concentration, but also beedsed by
rising temperature.

v'The polarization measurements reveal that PAP leshas a mixed-type inhibitor in 0.5 M$0, by acting on
both anodic metal dissolution and cathodic hydrogpsiution reactions.

v'The adsorption of the inhibitor on the surface dfdnsteel in 0.5 M HSQ, follows a Langmuir adsorption
isotherm. The high value of adsorption equilibriwonstant and negative value of standard free enefgy
adsorption suggested that PAP is strongly adsoobedild steel surface
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