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ABSTRACT

The corrosion inhibition of C38 steel in molar hgdhloric acid solution with different concentratoiy three
newly synthesized imidazopyridine derivatives ngnveas studied using gravimetric, potentiodynamitapization
(PP) and electrochemical impedance spectroscop$)(Eleasurements. All compounds have shown goddtiohi
efficiency (IE %) in acidic solution range 86.5-8% for 10-3M at 298K, this efficiency decreasedwi¢creasing
the inhibitors concentration and also decrease$ witreasing temperature. Potentiodynamic polaiatstudies
suggested that the imidazopyridine derivatives ditype inhibitors and impedance measurements sheowatdhe
double layer capacitance (Cd) increased with rigmaentration of the studied inhibitors. The compigimere
adsorbed according to the Langmuir isotherm andittébition influenced by hemis- and chemi-sorption. Some
thermodynamic functions of adsorption and dissotufirocess were calculated and discussed.

Keywords: Imidazopyridine; efficiency; Inhibition; Hydrochitic acid; Adsorption.

INTRODUCTION

Hydrochloric acid (HCI) solutions are a highly aamsive to any metals generally used in many indaispriocesses
such us the pickling of metals. Use of inhibita@®ne of the most economical methods to mitigatectitrosion rate
with the metal surface, especially in acid solui¢h-3]. The inhibitors can form a protective barron the metal
surface against corrosive agents in blocking eitmwdic or cathodic sites. The corrosion inhibitifficiency
depends on the adsorption properties and genafiigted by the interaction aforbitals of the inhibitors with d-
orbitals of the surface atoms [4], functional grpsteric factors aromaticityand the electronic density of the donor
atoms [5-7].

In general, the organic compounds have demonsttatgdthe compounds that have nitrogen and suffuheir

structure adduce a greater inhibition than thosm thnly contain one of the atoms at a time, belig property
attributable to its molecular structure [8].The amix molecules used as inhibitors, especially atmmmaolecules
containing electronegative functional groups anelectrons or conjugated double or triple bondsaj®j presence
of heteroatoms such as nitrogen, sulfur and/or ermyagfoms [10-13].

Imidazo [1, 2-a] pyridine derivatives are of interebecause of their potential analgesic, anti-inffatory,
antipyretic, anticonvulsant, [14]
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Some derivatives of imidazole [15-17] have beenomep as excellent inhibitors for metals and allags
hydrochloric acid solution and exhibit differenhihition performance with the difference in suhstitt groups and
substituent positions on the aromatic rings. This be interpreted that in imidazopyridine derivesivmolecules
show anchoring sites suitable for bonding with thetal surface. So, it was expected that imidazdpyi
derivatives would work as a good corrosion inhibftor mild steel in hydrochloric acid solution.

The objective of this study is to evaluate the @sion inhibition efficiency of carbon steel in 1M different
concentrations as well as temperatures2§8-nitr ophenyl)-6-methylimidazo[1,2-a] pyridine,2-(3-nitrophenyl)-
3-nitrosoimidazo[1,2-a]pyridine and2-(3 nitrophenyl) imidazo [1,2-a]pyridine denoted hereafter P1, P2 and P3
respectively. Table 1 shows the molecular strustafethe organic compound$8]. Weight loss, Potentiodynamic
polarization (PP) and electrochemical impedancetspscopy (EIS) measurements were used in thisystlide
thermodynamic and kinetic parameters were detemined discussed, also the adsorption mechanisnieof t
studied inhibitors.

The inhibitors P1, P2, and P3 were synthesizetardboratory by a reported metHda]

Table 1: Molecular structures, names and abbreviations of the studied of the studied imidazopyridine compounds

Compound Imidazopyridine Formula Abbreviation
H3C N
/ —
1 XN P1
©)
Name 2-(3-nitrophenyl)-6-methylimidazo[1,2-a]pyridine
/ N
/
N/
2 P2
N=0
Nto A
©)
Name 2-(3-nitrophenyl)-3-nitr osoimidazo[1,2-a]pyridine
= N
/
NN N /
3 P3
+
N=—O
/
©)
Name 2-(3 nitrophenyl) imidazo [1,2-a]pyridine

MATERIALSAND METHODS

The metal used in this study is a carbon steel Wi#8 a chemical composition in wt. % 0.21 C; 088 0.09 P;
0.01 Al; 0.05 Mn; 0.05 S. the steel plates were meaccally abraded successively by emery papersffefent grit
size, ranging from 180 to 1500 grades the surfaa® nimsing by distilled water and degreasing irnt@uoe followed
by drying. The acid solution of HCI 1M was prepad#dtion of analytical grade 37% HCI with distilevater.

2.2. Weight loss measur ements
Weight loss measurements were performed atk2@8 6h and at temperature range of 3030 333K for two
hours by immersing the carbon steel coupons intb sadutions.

The measurements were carried out for the unirgdb#olution (blank) and solutions containing intahi The
inhibition efficiency (IE%) was determined by usifajjowing Eq. (1) [19]:
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Weorr—Wrcorr =100

|E%= (1)

corr

Where W, and Wj,, are the values of the corrosion rate in the alesand presence of inhibitor respectively.

2.3. Electrochemical measur ements

The electrochemical tests were performed with Haleetrode (Pt counter electrode, a CSE referelstrede and
a carbon steel working electrode WE), connectedl potentiostat radiometer analytical type PGZ 16@d by an
analysis software “Volta lab Master 4”. 1tmf the WE surface is in contact with the soluttest for 30min to
reach a steady state open circuit potentjgl Bfter reaching &, the potential was starting fromand moving
to a more positive potential (anodic reaction) egative potential (cathodic reaction) at a scae o&tl mV/s.The
linear Tafel segments of anodic and cathodic cuwere extrapolated potential to obtain corrosiorent densities
l.orr The inhibition efficiencies were calculated usthg Eq. (2) [20]:

I —Ir
| E%zu + 100 (2)
Corr

Where |, and li,, are the values of the corrosion current densitiethe absence and presence of inhibitor
respectively.

The Electrochemical Impedance Spectroscopy (Elfem@mments were conducted in the frequency ranga ft60
KHz to 10 MHz with alternating current amplitude &fLQmV.

The impedance diagrams are given in the Nyquistessmtation. The inhibition efficiency was calcathtfrom
charge transfer resistance from the equation @) [1

= —re/inhRtc, 100 (3)
Rtc/inh
Where R.in and R; are the charge transfer resistance values withwathaut inhibitor, respectively.
RESULTSAND DISCUSSION
3.1Polarization curves

The effect of rise concentration of compounds PZ,aRd P3 on the anodic and cathodic polarizationesuof
carbon steel in molar hydrochloric is presenteBigurel.
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Figure 1. Potentiodynamic polarization curvesin 1M HCI, obtained at 298 K without and with addition of the inhibitorsat different
concentrations

From these results we can conclude that the addifithe compounds studied reduced the cathodiecudensity,
and this decreasing is more marked for the conagotr of 10°M. Cathodic polarization curves present a linearity
range indicating that the discharge of protohigdactivation-controlled. The Tafel slope variasosuggest that
benzoimidazopyridine compounds influence the kasetf the hydrogen evolution reactif#1-23]. This stipulates
that the inhibitors adsorbed on the cathode andleamite of steel which suggests that this compowoddd be
classified as mixed-type inhibitors with a cathogiedominance. We also remark that the polarizatimves are
shifted toward more negative potentials values icanrig the mixed nature of these inhibitdiz4]. It is also
observed that for potentials higher than -35@gi\the compounds starts to be desorbed.

The values of corrosion potential{F), cathodic Tafel slopeB, corrosion current density.g) and the inhibition
efficiency (IE%)are showed in Table 2.

Table 2 shows that the values gf;idecreased with increasing inhibitors concentratidre displacement of E; is
less than 85mV for all inhibitors, which confirmiset mixed character of these compouf@s]. The inhibition
efficiency of these compounds follows the sequeP2eP1>P3 for the various concentration used. Thibavior
can be attributed the presence of free electromtitan (O, N,t-electrons). Also the mesmeric effect of group (C =
C =N-0) and (C = C-C = O) favors good adsorptibmolecules P2 and P1 compared P3.

Table 2. Polarization parametersfor carbon steel in molar hydrochloric evaluated from the cathodic of various concentr ations of
inhibitorsP1, P2, and P3

Inhibitors | Concentration E | corr Bc 1E
(M) (V/ECS) | (mA.cni® | (mV.dech) | (%)
1M HCI - -0,486 0,726 158,8 -
10° -0,482 0,072 153,5 90,08
P1 107 -0,467 0,080 160,6 88,98
10° -0,488 0,085 146,1 88,1P
10° -0,485 0,292 158,4 59,6P
10° -0,434 0,056 161,2 92,25
P2 10* -0,483 0,139 157,0 81,91
10° -0,480 0,171 160,0 76,46
10° -0,481 0,243 152,1 66,50
10° -0,475 0,095 161,3 | 86,80
P3 104 -0,497 0,239 170,3 68,0p
10° -0,488 0,308 171,0 58,38
10° -0,497 0,752 167,2 22,2p
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3.2. Electrochemical I mpedance Spectroscopy
Figure 2. Shows the Nyquist plots for carbon st€8B in 1M HCI in the absence and presence of differ
concentration of P1, P2 and P3 at 298K.

400
' . . , , : : : Ty —T T T T T T
a 10°
300 |- P1 = 10°M 350 - P2 < m
< 10°M 10°m
10°M
300 | * 10°M
250 1 * 10°M
250 -
200 | 1 -
K £
S . (U: 200 a"om LI 1
g ol LA I 1 g . =
Ng - [ ] - N 150 - - L] ] T
D ] < ] - n
100 |- u 444 L q
] “4 44 . wop .. 4
< -. ; []
[
ol ... i 50 Bl ea «4.\ %
; A AN . |
0 B 0 50 100 150 200 250 300 350 400 450 500 550 600
0 50 100 150 200 250 300 350 400 450 500 550
2
2, Z_(Q.cm’)
Z (@.cm’) Re
150 T T T T
T T T T T ® 1MHCI
281 —8&— IMHCI P3 = 1ojM
-—.‘. —o—10°0f P1 < oM
¢ 3 10°M
L \
24 i * 10°M
100 q
20 F E|
— < mmE
E s} 4 % R ]
s g = "
= E
S 2t 1 N < .
2 fq« 444
08 1
oaf 1‘ \
0 1
00 | L L L L L L1 0 50 100 150 200 250 300
1 0 1 2 3 4 5
Z, (Q.cm
log f(Hz) el %)

Figure 2. Nyquist diagram for carbon steel in 1M HCI, obtained at 298 K without and with addition of the inhibitorsat concentrations
ranging from 10°to 10°M
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Figure 3. Bode diagramsfor carbon steel in 1M HCI, obtained at 298 K without and with addition of the inhibitorsat concentrations 10°
3
M

The Nyquist impedance diagrams obtained are ndegesemi-circles, and this is attributed to thegfrency

dispersion of interfacial impedance as a resulthef no homogeneity or roughness of the metal serfabe

diameter of the capacitive loop in the presencaloibitor is greater than that of the blank solati@and enlarges
with increasing inhibitor concentration, which nmag attributed to the charge transfer process.

The bode diagrams and phase angle curves for catbehin 1M HCI without and with various concetitas of
inhibitors are displayed in (Figure 3). Show tha tmpedance value in the presence of inhibitdariger than the
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blank test and fall to zero at high frequency ragibhese mean that the corrosion rate is reducttkipresence of
the corrosion inhibitors, at a fixed inhibitor cemtration 1GM, following the order: P2 > P1> P3, confirming the
highest inhibitive influence of compounds P2 and Bdsed on shifting trend of phase the angle ptaisjng the
concentration of inhibitors contributes to more aigge values of the phase angle, indicating théebénhibition
ability of inhibitors with higher concentrations.

Table 3 summaries the characteristic kinetic patarseassociated to the impedance study such ashtrge-
transfer resistance ;Rthe double layer capacitanceg, @nd the inhibiting efficiency 1IE%. The charge-ster
resistance (R values are calculated from the difference in idgee at lower and higher frequencies [26].
Whereas, the double layer capacitancg) @hd the frequency at which the imaginary compboéthe impedance
is maximal (-%.ay are found as represented in equation (Eq. 4).

1

Cd! =

Where ®=27f max @
E‘JRCZ

Table 3. Impedance parameter s evaluated in for carbon steel of various concentrations of the studied benzoimidazopyridine molecules

Inhibitors | Concentration Rt Cac Fmax IE
(M) (Qcmf) | @Flen?) | (Hz) | (%)
Blank -- 48 290 16.24 --
10° 480 53.6 159.04 | 90,00
P1 10° 294 96.5 85.36 | 83,67
10° 264 98.7 103.34| 81,81
10° 80 130.5 94.73 | 40,00
10° 552 50.9 229.7 | 91,30
P2 107 170 120 49.05 | 71.76
10° 106 135 36.24 | 54.71
10° 86 160 27.87 | 44.18
10° 240 102 82.15 | 80,00
P3 107 141 109 50.4 | 65.95
10° 112 115 36.6 | 57.14
10° 51 280 17.0 5.88

The inhibitory efficiency increases with the contration of the inhibitor tattainmaximum values of 90, 91.3 and
80% to 10°M. The values Rand G are also brought down to the maximum extent wWithibcreasing of inhibitors
concentration. The decrease qf @ay result from a decrease in the local dielecoigstant and / or an increase in
the thickness of the double electric suggeststtiese compounds function by adsorption to metatiate [27].

The impedance of the Nyquist plots were analyzeditbiyig the experimental data to a simple equingleircuit
model is given in Figure 4. Which includes the $iolu resistance Rand the double layer capacitancg Which is
placed in parallel to the charge transfer resisgdic

CPE
| |
Rs |
T i e —
T L
Rp

Figure 4. Equivalent electrical circuit model corresponding to the corrosion process on the carbon stedl in hydrochloric acid
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Figure 5. Comparison of inhibition efficiency (IE %) values obtained by weight loss, EI and EI'S methods

3.3. Weight loss measur ements

3.3.1. Ther modynamic activation parameters

The effect of temperature is very important to gttite interaction between C38 steel and the asioligtion. Wight
loss measurements were taken at various temperé30&338K) in the absence and the presence2ef3-
nitrophenyl)-6-methylimidazo[ 1,2-a]pyridine (P1) 2-(3-nitr ophenyl)-3-nitrosoimidazo[1,2-a]pyridine (P2) and
2-(3 nitrophenyl) imidazo [1,2-a]pyridine (P3) during a period of 2 hours at different conceira. Results
obtained are given in table 4.

Table 4. Influence of temperature on the corrosion rate of mild steel in the presence and absence of inhibitors P1, P2 and P3 at various
concentration for 2h immersion time

P1 P2 P3
Temperature | Concentration Woeorr IE Weorr IE Woeorr IE
(K) (M) (mgemh?) | (%) | (mgenm®h™) | (%) | (mg cm?h?) | (%)
- 1,2181 -- 1,2181 1,2181 -
10° 0,1142 90,61 0,1142 90,61 0,2409| 80,22
308 107 0,2679 78,00 0,2500 79,46 0,4443 63/52
10° 0,3632 70,18 0,2917 76,04 0,4855 6013
10° 0,6246 48,72 0,4952 59,34 0,9643 20,83
-- 1,7963 -- 1,7963 1,7963 --
10° 0,2495 86,10 0,2130 88,14 0,4077| 77,30
318 107 0,6531 63,63 0,5273 70,64 0,8791 51/05
10° 0,6850 61,86 0,6177 65,60 0,9080 49/45
10° 1,0391 42,14 1,0159 43,44 1,4808 17,56
-- 2,773 -- 2,773 -- 2,773 --
10° 0,5932 78,60 0,6056 78,15 0,6950| 74,93
328 107 1,2726 54,10 0,9771 64,76 1,6747 39/60
10° 1,3955 49,67 1,0887 60,78 1,9214 3071
10° 1,8936 31,71 1,6812 39,37 2,3346 15,80
00 4,165 -- 4,165 -- 4,165 --
10° 1,1861 71,52 1,2451 70,10 1,5815| 62,02
338 10° 2,3762 42,94 1,9430 53,34 2,8341 31/95
10° 2,4958 40,07 2,1546 48,26 3,1214 25/05
10° 3,0760 26,14 3,1385 24,64 3,7387 10,23

From these results, the corrosion rates increaseafi temperature. This increase is more rapidihénabsence of
inhibitors in less concentration of the studied ecoles when compared to those at higher concemtgatiVhereas
an opposite evolution is registered for the last tncentrations at a fixed temperaturpparently, the results
postulate that all his inhibitors by adsorptionmtite metal surface blocking the active sites tanfa barrier on the
metal surface against the infiltration of the asadution. The increase in temperature causes therpigon of the
inhibitors studied from the surface of the mildedte
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Activation parameters like activation energy (Ee)thalpy AH*), and entropy AS*) for the dissolution of mild
steel in 1 M HCI in the absence and presence dabwarconcentrations of P1, P2 and P3 were calaliaten the
Arrhenius equation (Eq.5) and its alternative folatian called transition state equation (Eq.6):

—Eﬂ)

Wcorr=A e F (5)
RT AST AHT
W:Eexp(ﬁ )exp(— RTj (6)

WhereT is the absolute temperatuejs a constant anR is the universal gas constaht,is Avogadro’s number, h
is the Planck’s constant (h = 6.6252%10.s),AH* and AS* are the activation enthalpy and the entropyatitn of
corrosion process, respectively.

The activation energy Ea is calculated from thelof the plots of the weight-lossr{ Wcorr) versus {000/T),
for mild steel in the corrosive medium with and haitit addition of inhibitors (Figure 6)L6 Wcorr/T) vs.
(1000/T) give straight lines with slopes ¢AH*/R) and intercepts ofin(R/Nh)+ AS*/R) as shown in Figure 6.
From equation 5, the values Afi* andAS* can be calculated.
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Figure6. Arrheniusplotsof mild steel in 1 M HCI at different concentrations of P1, P2 and P3
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Figure 7. The relationship between In W, /T and 1000/T for mild steel at different concentrations of P1, P2 and P3

The values of apparent activation energy (Ea) ancegponential factor were calculated from the slog intercept
of the straight lines obtained in Arrhenus plote Tesults are shown in Table 5. The Additionntiibitors causes
a rise in activation energy value when comparetiédlank solution.

The lower value of Ea in inhibited solution whennmgmared to that for uninhibited one show that strong
hemisorptions bond between the inhibitor and th&ahig highly probable. In the opposite case a [guyption can
usually occur [28].From Table 5, it appears that Ea of the inhibitetahdissolution can be higher as well as lower
than that of the uninhibited reaction in case bfgh degree of surface coverage. Hence, it camuggested that the
adsorption of benzoimidazopyridine onto mild staafface can involve both physisorption and cherpisamn.

Table5. Activation parameter s (activation energy (Ea), (AH* and AS*)) of the dissolution reaction of carbon steel in 1M HCI in the
absence and presence different concentrations of P1, P2 and P3

Concentration (M) Ea AH* AS*
(kJ.mol-1) ( kJ.mol-1) (J.K*mol-1)
35.67 32,99 -148,67
P1 P2 P3 P1 P2 P3 P1 P2 P3
10° 64,06 | 64,33 48,13 629F 6140 50,65 -70,89 -74{80.05,30
10" 59,14 | 58,61 53,74 5991 5593 4843 -73,p6 -87,16.06,47
10° 56,24 | 56,86] 54,88 5356 54,19 3997 -91Pp3 -91}48.30,47
10° 46,60 | 52,36] 39,10 4392 49,68 36,43 -118/73 -101,6239,50

The positive sign of enthalpies reflects the endoatlic nature of the steel dissolution process nmeptiiat the
dissolution of carbon steel is more difficult. Taetropy of activatiom\S* in the absence of inhibitors is negative
and this value increases with the inhibitors cobegion. The increase oAS* implies that an increase in
disordering taking place on going from reactanth®activated complex [28].

3.3.2. Thermodynamic parameter s of the adsor ption process
The effect of addition of P1, P2 and P3 at differeancentration on the corrosion of carbon steemiolar

hydrochloric solution by weight loss at temperatizege 298 to 338K.

The values of percentage inhibition efficiency %dkd the surface coverageare shown in The adsorption of
organic inhibitors to the metal surface is a dispiaent reaction between these compounds in an agjpbase and
the water molecule on the surface of the metal

Org (sol) + n HO (ads) > Org (ads) + HO (sol) (7)
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Org (sol) and Org (ads) are the organic molecuidke aqueous solution that adsorbed to the matizce. While n
is the number of water molecules replaced by ogaric inhibitor [26, 29].

Table 6. Theinhibition efficiency increase with increasing concentration, noting that P2 and P3 give good efficiency for the higher
concentration 10°M

Inhibitor | Concentration| Weorr IE 0
M) (mg.cnh?) | (%)
1M HCI 00 0,6893 - -
P1 10° 0,0670 92,21] 0,927
10* 0,0515 84,24| 0,807
10° 0,1324 79,04| 0,79(
10° 0,1288 54,48/ 0,544
P2 10° 0,6893 91,61 0,916
107 0,1337 82,31] 0,823
10° 0,2202 78,41 0,784
10° 0,1425 65,78 0,657
P3 10° 0,0761 88,26| 0,887
10° 0,1900 70,07| 0,70(
10° 0,4153 66,87| 0,664
10° 0,1864 38,07| 0,38(

The values of surface covera@dor different inhibitor concentrations were testag fitting to various isotherms.
The best fit was obtained with Langmuir isotherng(ife 7). According to this isotherm, the surfacearaged is
related to the equilibrium adsorption constagi;Eind concentration of inhibitor [30]:

Cinn/ 0 = 1/ Kgs + Cinn (8)
Where G, is the inhibitor concentration and,Kis the equilibrium constant for the adsorptiongass. The values
of G/ 6 were plotted versus;fryields a straight line ashown in Fig. 4. These plots are linear with slepeal
and regression coefficients’ RImost equal to unity @0.99). The free adsorption energy is calculatedfthe
equilibrium adsorption constant:

AG%4= -RT IN55.5 K 45 (9)

WhereR is the gas constant, is the temperature iK and the value 065,55 in the above equation is the
concentration of water in solution inol L™
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Figure 8. Langmuir adsorption plots for mild steel in 1 M HCI solution containing different concentration of P1, P2 and P3 at different

temperature

The calculated thermodynamic adsorption paraméteds andAG’s for all the studied compounds in 1.0 M HCI
solutions are given in Table 7. The negative vabfelG*® ;. ensure the spontaneity of the adsorption proceds a
stability of the adsorbed layer on the steel safg@enerally, values i &°_ ;. up to —20 kJ/mol are consistent
with the electrostatic interactions between therghé molecules and the charged metal (physisorptitile those
around —40 kJ/mol or higher are associated withmierption [31]. The values i G° 4, for P1, P2 and P3 are
around -40 kJ/mol which indicates that this compmisurinvolves two types of interaction with mostly
chemisorption. The thermodynamic parametedd ©, ;. and AS®, 4, for the adsorption of the studied inhibitors

on mild steel are calculated from the two equations

1 A6, 4. )
Van'tHoff [32; K= —exp )
35,5 RT /

Gibbs—Helmholtz [33]:AG®,4s = AH® g5 ~TAS® 4.
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Table 7. Thermodynamic parameter sfor the adsor ption of P1, P2 and P3 on C38 sted at different temperatures

o o o
Inhibitor | TETPEIAIE |y AG® 4, | AH 4, | AS® g,
(K) (KImol) | (KImol) | (KJ/mol)
298 1,79.10 -39,94
308 5,01.16 -38,02
P1 318 2,43.16 -37,34 -32,46 71,49
328 3,74.16 -39,69
338 3,98.16 -41,08
298 1,33.10 -39,21
308 8,25.16 -39,30
P2 318 7,26.16 -40,24 -39,37 74,52
328 2,47.16 -38,55
338 1,89.104 -38,98
298 5,88.10 -37,18
308 3,82.16 -37,33
P3 318 2,42.16 -37,33 -21,64 67,04
328 1,41.16 -37,03
338 1,31.16 -37,95
12’5 T T T T T T T
12,0 + -
11,5 —
R 11,0 —
XE
c 10,5 -
-
10,0 -
95 - -

9,0

2,9

3,0 3,1

3,2

1000/T (K™

3,3

3,4

Figure9. Therelationship between In (K .4s) and 1000/T for mild steel at different concentrations of inhibitors

It is assumed that an exothermic process is at&tbto either physical or chemical adsorption budaghermic
process corresponds solely to chemisorption. i ghidy, the values calculated of inhibitors fothbimhibitors are
negatives (-32,46, -39,37 and -21.64 kJ:Mdbr P1, P2 and P3 respectively, reflecting thetke&rmic behaviour of

Edsis generally explained by an ordered of

adsorption on the steel surface [34-3bhe negative values ofL%

adsorbed molecules of inhibitor with the progresthe adsorption onto the mild steel surface [36f A5%._ in

ads

presence of these compounds is large positive mgdhat an increase in disordering takes placeging from
reactants to the metal-adsorbed species reactiople [37].
3.4. Scanning Electron Microscope (SEM)
Surface analyses for the corrosion of mild steelcspens in 1M HCI solution without and with inhitnis were
carried out by SEM. Figure 10 and 11 representstt@nning electron microscopic (SEM) images of nsiieel
surface that has been exposed to the 1M HCI fon @iine absence and presence of studied inhibitespectively.
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Figure 10: SEM image of mild steel surface (a) beforeimmersion in 1M HCI, (b) and (C) after 6 hoursof immersion in 1M HCI solution
in the absence of inhibitors

Figure 11. SEM image of mild sted after 6 hoursof immersion in 1M HCI solution with 10° M of inhibitor P1 (a), P2 (b) and P3 (c)

SEM is an experiment that was performed to chedkdftest compounds are actually adsorbed on ttiacsuof
mild steel or simply peeled from the surface. Fggut0 and 11. Show SEM images of the carbon slefelce after
treatment with 1 M HCI containing M of studied inhibitors. From these images it ifent that the steel surface
appears to be almost unaffected by corrosion. Ehidue to the adsorption of inhibitors studied forgna thin
protective film of inhibitors on the metal surfadeis film is responsible for the highly effectiighibition by these
inhibitors.

CONCLUSION

The studied benzoimidazopyridine compounds haverggtdo be good inhibitors for mild steel corrosion
hydrochloric acid.

Good agreement between the data obtained from fmdgnamic polarization, electrochemical impedance
spectroscopy and weight loss measurements.

The efficiency of the inhibitors increase with centration ( the maximum %IE was showed atNIOn order P2 >
P1 > P3) but decrease with temperature.

Tafel results indicate the studied inhibitors aadsmixed-type with predominantly cathodic. Thisetarding both
the cathodic process without changing the mechaafstorrosion process.

The results of EIS show that the use of P1, P2Rhdignificantly increase the charge transfer \@alusd decrease
the double layer capacitance. Suggesting that diserption led formation of a protective film on tharface of
metal.

From weight loss the adsorption of all inhibitore oarbon steel surface is well described by thegharir
adsorption isotherm. All the values of Ea of thkiliited metal dissolution can be higher as welloager than that
of the uninhibited reaction in case of a high degoé surface coverage. Hence, it can be suggehbsadtiie
adsorption of benzoimidazopyridine onto mild steetface can involve both physisorption and cherpismn.

228



F. El Hajjaji et al Der Pharma Chemica, 2016,8 (13):214-230

AG®_ 4, are around —40 kJ/mol which indicates that thesepmunds involve two types of interaction with mgstl
chemisorptiondHEds for the studied inhibitors are slightly less th40 kJ mol* may suggest chemisorption.

= These results confirm that both chemisorption amgsigorption mechanism.
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