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Evaluating Synthesized Schiff base as Corrosion
Inhibitor on Carbon Steel in 0.5 M HC| and 0.5 M
H,SO,

B. A. Elsayed, M. A. Hegazy, H. M. H. Abd EI-Bary Ahmed A. Abdel Salam

Abstract: The inhibition effect of synthesized schiff base dne  Which can donate lone pair electrons, are founbetovery
corrosion of carbon steel in (0.5 M HCI and 0.5 M,BO,) was  efficient as inhibitors against metal corrosion mmany

studied at different temperatures (25-55 °C) by weiddss, onyironments. Many N-heterocyclic compounds withapo
electrochemical impedance  spectroscopy (EIS) and

potentiodynamic polarization methods. The carbomeedt surface grgqps and/or electron.s are efficient Corr05|onbmhrs In
morphology was investigated by SEM. The obtained tesu acidic solutions. Organic molecules of this type ealsorb
showed that the prepared schiff base is excellertifiitor in (0.5 on the metal surface and form a bond between the N-
M HCI and 0.5 M HSQ,) and the inhibition efficiency 4) electron pair and/or the electron cloud and theamet
increases with the inhibitor concentration, but itedreases with thereby reducing the corrosion in acidic solutiGnislost of
increasing temperature. The adsorption of inhibitoon the the commercial inhibitor formulations consist of iags.

surface of carbon steel is mixed chemical and plogsi _ .
adsorption and found to obey the Langmuir adsorpticsotherm Due to the presence of the (-C=N-) group in theemde,

equation. Thermodynamic parameters have been okedirby SChiff bases represent as good COl'.l'OSi(_Jn .in.hil_)it_sme
adsorption theory. Polarization curves showed thahet researches revealed that the corrosion inhibitidiciency

synthesized inhibitor is mixed-type inhibitor in bohydrochloric  of the Schiff bases is better than the corresp@ndimines
acid and sulfuric acid. Data obtained from electdoemical gnd aldehydes3. The Schiff base has been previously
impedance spectroscopyHIS) studies were analyzed to model- o4 rted as an effective corrosion inhibitor fazedt copper

inhibition process through appropriate equivalentreuit model. . 4,5 .
Potentiodynamic polarization studies have been shothat the and aluminum™ ". The adsorbed species protect the metal

inhibitor acts as a mixed type of inhibitor. Scamy electron  from the aggressive medium, which causes deconiposit
microscope (SEM) confirmed the protection of the ban steel Of the metal. Adsorption process depends on nof tré

surface by the inhibitor. nature and the charge of the metal but also orclileenical
Keywords: (0.5 M HCl and 0.5 M 4$0,), (EIS), SEM., (25— Structure of the inhibitor. The aim of the present

55 °C), f), (EIS), Potentiodynamic, hydrochloric investigation was to examine the corrosion Inhiniteffect
of Schiff base (N-(pyridine-4-ymethylene)-3,4-

l. INTRODUCTION dihydropyridine-4-amine) for carbon steel in (0.5M| and

Carbon steel is mainly used in many applicationsluding 0.5M H,S0).

the construction of bridges, mega factories, dlli

machinery, tanks and pipelines production and pasiro I MATERIALS AND EXPERIMENTAL
refining. The use of hydrochloric acid in pickling metals, TECHNIQUES

acidization of Oil wells and cleaning of scalesnwre 2.1. Synthesis of Schiff base compound

economical, efficient and Trouble-free, than oth@neral  gchiff base compound used in this study was syizibes
acids. Inhibitors are used to prevent metal dissolutisn through Schiff base reactidnbetween (0.1 mol, 10.7 g) of
well as acid consumption. The most well-known acid_picotine aldehyde and (0.1 mol, 9.4 g) 4-aminafiye to
inhibitors are organic compounds containing nitrage produce (N-(pyridine-4-ymethylene)-3, 4-dihydropinie-
phosphor, sulfur, and oxygen atoms. Acid soluti@® 4.amine). The reaction mixture was refluxed fori@f0 °C
generally used in several industrial processesadiic the product was evaporated from acetone to prodinee
media, corrosion inhibitor is the most practicalthogls 10 chemical structure of the synthesized inhibitorg(Fi).the
protect the metal surface from acidic effect. Aieew gchiff base was confirmed by FTIR, mass and 1H NMR
dealing with various types of organic inhibitorsshaeen gnectroscopy. FTIR analysis was carried out usifig A
previously published. Compounds containing fun@lon mattsonm Infinity series TM, Bench top 961 contdllby
groups with heteroatoms, Win First TM V2.01 software .1H NMR was measured i
CDCI3 using Jeol ECA 500 MHz NMR spectrometer, G 5
mHz. Mass analysis was carried out by GC MS-OP1300E
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Evaluating Synthesized Schiff base as Corrosion libitor on Carbon Steel in 0.5 M HCI and 0.5 M HSO,

2.2. Solutions Sorg is the thickness of the protective layer.
The aggressive solutions, 0.5 M HCl and 0.5 Wb, were Potentiodynamic polarization measurements wereirsdda
prepared by dilution of analytical grade 37% HCIthwi by changing the electrode potential automaticatyrf -750
distilled water and 98% #30, with distilled respectively. o -300 mV vs. Ag/Ag with scan rate 2 mV at 20 °C.

The concentration range of synthesized inhibitoasied

from 1x10°to 1x10% M. 2.4.3. The inhibition efficiency#p)

The corrosion inhibition efficiencyng) was calculated

2.3. Carbon steel ) ) )
using the following equatiot:

Tests were performed on carbon steel of the folgwi . o
composition (Wt.%): 0.19% C, 0.05% Si, 0.94% Mn, Ny = (M) %100 v (5)
0.009% P, 0.004% S, 0.014% Ni, 0.009% Cr, 0.034% Al

0.016% V, 0.003% Ti, 0.022% Cu, and the rest is Fe.

lCOT’T

Where iy, ,i.or-iS COrrosion current density in presence
and absence of inhibitor, respectively, which deteed by
extrapolation of the cathodic and anodic Tafeldite the
respective free corrosion potential.

2.4. Electrochemical measurements

The electrochemical experiments were carried outain
conventional three-electrode cell with a platinuoumter
electrode (CE) as auxiliary electrode and silviesi
chloride (Ag/Ag) as a reference electrode. A wogkin 2.5. Weight loss measurements

electrode (WE) was a rod of carbon steel embeddd®/iIC Carbon steel sheets of 5.92 x 2.43x 0.38 cm weradel
holder using epoxy resin so that the flat surfaes the only with a series of emery paper (grade 320-400-606-800
exposed surface in the electrode. The exposuracgudrea 1000-1200) and finally washed with distilled watemd

of the working electrode was 0.8 Erithis area was abraded acetone. After accurately weighted, the specimersew
with emery paper (grade 320, 400, 600, 800, 10200)lon immersed in a closed beaker containing 130 ml &f M.
the test face, rinsed with distilled water, degeelasvith HCI and another closed beaker containing 0.5 J8® with
acetone, and then dried. Before measurement, #utr@lle and without different concentrations of synthesized
was immersed in a test solution at open circuiteptdl inhibitor. The steel specimens were taken out atrh.
(OCP) for 30 min until a steady state was reachdt. Then they were rinsed with distilled water two tsnand
Electrochemical measurements were recorded by @mVeld degreased with acetone. Afterword the specimense wer
40 Potentiostat PGZ 301. Each experiment was regeaimmersed in 0.5 M HCI solution for 10 sec. (cherhica
three times to check the reproducibility. Electraciical method for cleaning rust products), rinsed twicethwi
impedance spectroscopy (EIS) measurements weriedarrdistiled water, dried, and accurately weighted. eTh
out as described beforé A small alternating Voltage experiments were carried out in triplicates to geiod
perturbation (5 mV) was imposed on the cell ovee threproducibility. The average weight loss of thremrgtiel
frequency Range of 100 kHz to 30 mHz at open dircucarbon steel sheets was obtained. Immersion tinveeafht

potential at 20 °C. loss is 24 h at all studied temperatures.
2.4.1. The inhibition efficiency,) 2.5.1. The corrosion rate (k)
The corrosion inhibition efficiencyn] was calculated from The value of corrosion rate (k) was calculated frima
the values ofR,,)using the following equatioh following equation'™;
_ (Rat —Rat k=2 (6)
= (R—St> X 100 ... o v e (1) <

: Where AW =W, -Ws is the average weight loss of three
o
WhergRz,) and (R;)are the charge transfer resstanceara"el carbon stegl Blank weight specimen before

values in the presence and absence of the inhibit fmersion Ws Sample weight specimen after immerss

respectively. is the total area of the Sheet anid the immersion time 24
2.4.2. The double layer capacitancé ) h.
The double layer capacitanc€,() was calculated from the 2.5.2. The corrosion inhibition efficiencyr )
following equatior?: The corrosion inhibition efficiendy,,) of carbon steel was
Car =V (Wmax)™ ™! e v (2) calculated
Simplified to From the following equatiotf:
1 w, - w°
R e (3) Nw% = (W) X 100 co. v ces e aee v (7)

Where fq, is the frequency at maximum imaginaryWherew,,,,. andw®.,,.are the weight loss of carbon steel
component of the impedance. The Helmholtz modeh the absence and presence of the inhibitor, ctisedy.

equation: .
2.5.3. Langmuir isotherm

£&A
org = g 4) The simplest isotherm equation is Langnitir
Where sdielectric constant of the medium is; is the £= 1 HC oo (8)
vacuum Permittivity, A is the electrode surfaceaarand 0 Kaas
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WhereK,,.the binding constant of the adsorption reactior.6. Scanning electron microscope (SEM)

C is the inhibitor concentration in the bulk phasfethe The carbon steel specimens of size (5.92 cm -@#30.38

solution, and) is the surface coverage. cm) were abraded with Abrasive paper (grade 3206010
800-1000-1200) to remove protective layer. Thenhsds
with distilled water and acetone for (0.5 M hydrlocie
acid, 0.5 M sulfuric acid) without and with additioof

S§1><102) of the prepared (SB) at room temperature 25 ¢C fo
24 h, take the specimens away of corrosive medianeld
with distilled water, dried with a cold air, andeth applied

2.5.4. The degree of surface coverag® (

The degree of surface coverage) (for different
concentrations of inhibitor molecules in 0.5 M H@lid 0.5
M H,SO, respectively was calculated from weight lo
measurements using the following equation:

W —Wws '
0= ( W ) R ° D) the test with SEM Jeol JSM-5400.
WhereW.and W are the values of the weight loss with and M. RESULTS AND DISCUSSION
without addition of the inhibitor, respectively. o .
2.5.5. The standard free enerdyG°,.) 3.1. Characterization of the structure of synthesikz
inhibitor

The standard free energdG°,q9) Was obtained according to

the following equatioﬁ“: Structure of the synthesized inhibitor has been

characterized as previod$ by FTIR,'H NMR, and mass

AGeads = —RTln(55._5 Kads) ... .. ... ... (10) . spectral analysis.
Where the value 55.5 is the concentration of water
solution expressed in (M). 3.2. Electrochemical impedance spectroscopy (EIS)

The corrosion behavior of carbon steel in both (@.%Cl
2.5.6. The standard enthalpy\ti®aqd and 0.5 M HSO, respectively) in the presence and absence
The standard enthalpyAi©.q), was calculated according to of the synthesized inhibitor was investigated udih® at 20
the °C. Nyquist plots of carbon steel in both (0.5 MIH@d 0.5
Van't Hoff equation'®: M H,SO, respectively) solutions without and with various
concentrations of inhibitor Schiff base are shownFigs
2(a, b) respectively. The Nyquist plots (Figs.2hjashowed
perfect semicircles as expected from the theorgI&f The
Nyquist plots obtained in the real system repreaegéneral
Where (AH°,) and Kyqs are the standard enthalpy andbehavior where the double layer on the interface of
adsorptive equilibrium constant, respectively. metal/solution does not behave as a real capa¢horthe

metal side, electrons control the charge distridyutvhereas
2.5.7. The standard entropyGaay on the solution side it is controlled by ions. Ams are
According to the thermodynamic basic equation, thgwuch larger than the electrons, the equivalent ionthe
standard entropy, AG%q), was calculated from the charge on the metal will occupy quite a large vauon the

InKgqs = — (%) + CONStANnt ... ... v cee vor vee v (11)

following equation'®; solution side of the double layer. Therefore, tlostant
AG®,4s = AHgqs — TAS® s coe ver v ene v (12) phase element (CPE) used in place of double layer

capacitance at the metal substrate/solution irterfg,, to

2.5.8. Apparent activation energy {F represent the non-ideal capacitive behavior of dbable

Apparent activation energy {Fof the steel in acidic media layer. EIS spectra of the synthesized inhibitorenemalyzed
was calculated from the natural logarithm of therasion using the equivalent circuit in Fig. 3. It represeha single
rate k in ( gnf h') which is a linear function with 1/T charge transfer reaction and it fitted well with rou

(following Arrhenius equationy” experimental results. The intersection of the ciivacloop
Eq with the real axis represented the ohmic resistméethe
K =Ae RT ...........(13) corrosion product films and the solution encloseteen
Simplified to the working electrode and the reference electregé’. Ry
InK = — & +1nd (13) represented the charge transfer resistance andlits was a
RT measure of electron transfer across the surface veasl
Where E and A represent the apparent activation energgversely proportional to the corrosion rateResults listed
and the pre-exponential factor, respectively. in Table 1 showed that the charge transfer resistaR,,
o values increased and the capacitance valygsle€reased
2.5.9. Enthalpy and entropy of activatioaki® and AS®) with increasing inhibitor concentration in both (.5 M
Enthalpy and entropy of activatiomK® and AS°) were HCI| and 0.5 M HSQ,) respectively. Decreasing in the
calculated from the transition state the&ty capacitance, which can result from a decrease @allo
K R AS° AHC dielectric constant and/or an increase in the tiésk of the
In (;) = (ln (m) + (T)) TR e (14) electrical double layer, suggested that the inbikitolecule

acted by adsorption at the metal/solution interfathe
addition of the synthesized inhibitor resulted anwvér, G,
values 0.5 M HCI and lower dramatically in 0.5 M3,
which could be a consequence of the replacemeniatdr
molecule by inhibitor molecule at the

Where h is the Planck’s constant, N6 the Avogadro’s
number, R is the universal gas constamt; is the enthalpy
of the activation andS° is the entropy of activation.

Published By: b2 AENT
23 Blue Eyes Intelligence Engineerin s
& Sciences Publication Pvt. Ltd.



Evaluating Synthesized Schiff base as Corrosion Inbitor on Carbon Steel in 0.5 M HCl and 0.5 M HSO,

electrode surface. The inhibitor molecule may aksduce phenomenon is due to increasing in the thicknesshef
the capacitance by increasing the double layerktieiss outer porous layer, and the middle frequency phemam
according to the Helmholtz model Eq. (4). So theugaof can be attributed to the penetration of active ritioions
Cq became smaller in the presence of the inhibitantih its and water through the defect of the synthesizedbitan
absence. Due to the effective adsorption of thehggized inner barrier layer, though the whole effect indlidhe
inhibitor . For expiation more complicated system ofncrease of Z.q. As seen from Fig.4 (a, b) Bode plots refer
inhibition, Bode plots can give more informationod® to the existence of an equivalent circuit that aorg a
plots refer to representation of the impedance ribagg (or single constant phase element in the metal/solution
the real or imaginary components of the impedarare) interface. The increase of absolute impedance at lo
phase angle as a function of frequency The Bodtsmf frequencies in Bode plots confirmed the higher gutibn
the synthesized inhibitor schiff baseare shownigsF4(a, with increasing the concentration of the inhibitaich is
b). The low frequency impedance modulygss one of the related to adsorption of the inhibitor on the cartsieel
parameters which can be easily used to comparesionmr surface®. The phase angle plots for the carbon steel in the
resistance of the inhibitor in different concentratof used presence and absence various inhibitor concentsatio
corrosive media. Increasing in,& demonstrates better both (0.5 M HCI and 0.5 M }$0Q,) solutions are given in
protection performance as reported befSteFig. 4(a, b) Fig. 4(a, b). According to the appearance of phasgle
showed that £.,qincreases as a function of the concentratioplots, increasing the concentration of the inhib&ohanced
for the synthesized inhibitor. The explanationtwde result the superior inhibitive behavior due to increasaagorption
can be attributed to many frequency range, the higif the more inhibitor molecule on the metal surface
frequency phase angle range ¥4I Hz) of the impedance Furthermore, the depression of phase angle at aiidax
spectra which represents the properties of an dayer, the frequency occurs with decreasing of inhibitor corcations
middle frequency range (20L0* Hz) reflects the properties which indicated the decrease of capacitive respwiithethe

of an inner barrier layer, while the low frequemapge (less decrease of inhibitor concentration. Such a phemome
than 16 Hz) relates to the properties of the double—aleaitr could be attributed to higher corrosion activity latv
layer information ?*. Therefore, the high frequency concentration of inhibitor.

Z, (Qcm?)
Fig .2 a. Nyquist plots for carbon steel in 0.5 M &I in absence and presence of different concentratms of S.B. (1) 0.5
M HCI, (2) 1x10° M, (3) 2.5x10°M,(4) 5x10°, (5) 7.5x10 M, and (6) 1x10* M.

210

Zr (Qcm2)
Fig .2b. Nyquist plots for carbon steel in 0.5 M HSQO, in absence and presence of different concentratisrof Schiff
Base. (1) 0.5 M HSO,, (2) 1x10° M, (3) 2.5x10°M,(4) 5x10°, (5) 7.5%10° M, and (6) 1x10° M.
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Fig 3 the suggested equivalent circuit model for #hstudied system.
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Fig 4a Bode and phase angle plots for carbon sterl0.5M HCI in the absence and presence of differén
concentrations of Schiff base.
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Fig 4 b Bode and phase angle plots for carbon steel0.5M H,SO, in the absence and presence of different
concentrations of Schiff base.
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Evaluating Synthesized Schiff base as Corrosion Inbitor on Carbon Steel in 0.5 M HCl and 0.5 M HSO,

Table 1. EIS parameters for the corrosion of carborsteel in both (0.5 M HCI and HSQ,) in absence and presence of
different concentrations of the prepared Schiff bas at 20 °C.

Acid name Conc of Inhibitor (M) (ohrsscmz) (ohric(t:mz) " ch'm_z) (?%'))
0.00 3.057 52.94 53.50
1x10° 3.069 182.8 48.74 71.70932358
0.5 M HCl 2.5x10° 2.670 360.0 31.47 80.28641073
5x10° 2.097 531.9 26.8 86.94393662
7.5x10° 2.72 601.3 21.3 90.46313224
1x10? 3.949 694.0 18.34 93.93662401
0.00 1.217 24.51 363.5
1x10° 1.488 74.12 76.44 68.39647577
2.5x10° 1.831 86.02 65.86 72.18502203
0.5 M H,SO, -
5x10 1.793 106.3 59.88 78.7753304
7.5x10° 2.877 148.1 53.71 83.33920705
1x10? 2.165 191.7 46.48 88.03524229

potential (E,r) to both negative and positive directions. This
indicated that the synthesized inhibitor acted asx@d type
inhibitor *°. The inhibition efficiency valuesnf) obtained
for the studied synthesized inhibitor are givenTable 2.
The results showed thag,i decreased whereggincreased
with increasing the inhibitor concentration. Thiancbe
related to the adsorption of the inhibitor over ttathodic
and anodic active corroded surface. Increasingomosion
inhibition efficiency of the studied inhibitor irase of 0.5 M
HCI solution than that in 0.5 M 430, Table2 indicated that
the synthesized inhibitor had good inhibitive pndiges of
the metal surface in HCI than,$l0, solutions.

3.3. Potentiodynamic polarization

The polarization behavior of carbon steel in infb@@.5 M
HCl and 0.5 M HSQ,) in the presence and absence o
different concentrations of inhibitor Schiff base28 °C is
represented in Fig. 5(a, b). The corrosion curdsrtsity
(icorr), corrosion potential (&), cathodic Tafel slopegg),
and anodic Tafel slopegf) values as functions of the
synthesized inhibitor concentration, were calcuafeom
the Tafel plots of the synthesized inhibitor ansted in
Table 2. g, and B;) values did not show significantly
changes, this result indicated that the anodic @attiodic
corrosion reaction mechanism did not change. Theguice
of the synthesized inhibitor slightly shifted therimsion

log(i , A cn?)

E vs Ag/AgCI (mV)

Fig.5.aTafel curves obtained at 20 _C in 0.5 M HGh absence and presence of different concentratiord Schiff Base.
(1) 0.5 M HCI, (2) 1x10* M, (3) 2.5x10°M,(4) 5%x10°, (5) 7.5%10° M, and (6) 1x10° M.
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Table 2. Potentiodynamic polarization parameters fothe corrosion of carbon steel in in both (0.5 M Kl and 0.5 M
H,S0O,) in absence and presence of different concentratig of the prepared Schiff base at 20 °C

Type of )
CO)IfII’)OSiVE Conc of -E Corr Icorr ﬂa 'ﬂc RP o IE.
<olution inhibitor (M) ~ (mV)  (mAcm? (mVdec!) (mVdec)) (Qcm2) (%)
Blank 450 0.6674 110.1 144.5 52.94 B B
1x10° 450.4  0.2034 110.1 144.5 182.8 0.71709 71.7
0.5 M HCl 2.5x10° 448.3 0.1377 110.9 135.2 360.0 0.80286  80.28
‘ 5x10° 517.5  0.0995 160.5 152.8 531.0 0.86943  86.94
7.5x10° 498.3  0.0697 135.7 145.8 595.0 0.90463  90.46
1x10° 457.5  0.0449 152 159.4 694.0 0.93936  93.93
Blank 4405  1.1381 89.7 159.5 24.51 B B
1x10° 435.0 0.3756 71.4 146.4 74.12 0.68396  68.39
0.5 M HSO 2.5x10° 428.4  0.3279 70.7 155.9 86.02 0.73656  73.65
' * 5x10° 442.4  0.2648 74.8 142.3 106.3 0.78775  78.77
7.5x10° 421.8  0.1952 69.0 152.9 148.1 0.83339  83.33
1x107 440.1  0.1482 72.6 145.0 191.7 0.88035 88.03
0 o
a1t
1 2
3
21 6
-3
(\lg
< 47T
> ]
o -5 T
6 1
g r——

-0.25 -0.35 045 -0.55 -0.65 0.75 -0.85
E vs Ag/AgCI (mV)

Fig5.bTafel curves obtained at 20 °C in 0.5 M 50O, in absence and presence of different concentratisrof Schiff
Base. (1) 0.5 M HSO,, (2) 1x10° M, (3) 2.5x10°M,(4) 5x103, (5) 7.5x10° M, and (6) 1x10° M.

3.4. Weight loss concentration. This behavior was due to the adgor@nd
the coverage of inhibitor on carbon steel surfadso, the
data in Table (3) showed that the corrosion rateasbon
steel increased with increasing temperature forh bot

¢ i ; ¢ the inbibih both uninhibited and inhibited solutions. The corrosiate of the
presence of different concentrations of the Inbiib both o) steel increased more rapidly with tempeeatur

(0.5 M HCl and 0.5 M BBQ,) at various temperatures areincreasing in the absence and presence of theitmhib

listed in Table (3). The data listed in Table (Bpwed that These results confirmed that the synthesized itdrilsicted

tEe C(_)r;](_)s_lon ra_lte valuej de_creashed as the 903‘]?”:@9]‘ as well an efficient inhibitor in the range of tleanperatures
the inhibitor increased, i.e. the corrosion inhdit i ioq (25_55 °C).

efficiency increased with increasing the inhibitor

3.4.1. Study the Effect of inhibitor concentrationand
temperature on the corrosion rate

The corrosion rate values of carbon steel in alseard

Published By: %A ENT
27 Blue Eyes Intelligence Engineerin o
& Sciences Publication Pvt. Ltd.



Evaluating Synthesized Schiff base as Corrosion Inbitor on Carbon Steel in 0.5 M HCl and 0.5 M HSO,

Table 3 Weight loss data for carbon steel in bothd(5 M HCI and H,SO,) without and with different concentrations of
the synthesized Schiff base at various temperatures

N 25 0C
Acid name Inhibitor K
0 0,
0 1.094714506 _ _
1x10-3 0.345968364 0.683964758 68.39647577
2.5x10-3 0.288387346 0.736563877 73.65638767
H,SO,
(0.5M) 5x10-3 0.232349537 0.787753304 78.7753304
7.5x10-3 0.182388117 0.83339207 83.33920705
1x10-2 0.130979938 0.880352423 88.03524229
HCI (05M) 0 0.633101852 -
1x10° 0.179108796 0.717093236 71.70932358
2.5x10° 0.124807099 0.802864107 80.28641073
5x10° 0.082658179 0.869439366 86.94393662
7.5x10° 0.060378086 0.904631322 90.46313224
1x107 0.038387346 0.93936624 93.93662401
Acid name Inhibitor 35°C
conc.(M) k 8 Nw (%)
(mgem?h-Y)
H,SO 0 1.866608796
(0.5M)
1x10-3 0.722222222  0.613083243 61.30832429
2.5x10-3 0.630594136  0.66217124 66.21712396
5x10-3 0517939815  0.72252364 72.25236397
7.5x10-3 0.40788966 0.781480907 78.14809074
1x10-2 0.323591821  0.826641864 82.66418643
HCI (0.5M) 0 0.94376929
1x10° 0.321180556 0.659683189 65.06831886
2.5x10° 0.236496914 0.749412366 74.94123659
5x10° 0.174864969 0.814716403 81.47164027
7.5x10° 0.127218364 0.86520184 86.52018396
1x10° 0.091049383 0.903525805 90.35258048

28
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Acid name Inhibitor 45 °C

conc.(M) k 0 Nw (%)
(mgem?h-)

H,.SO, 0 3.149594907 _

(0.5M)
1x10-3 1.384645062 0.560373603 56.03736028
2.5x10-3 1.257040895 0.600888072 60.08880723
5x10-3 1.08130787 0.656683509 65.66835094
7.5x10-3 0.878761574 0.720992191 72.09921911
1x10-2 0.716338735 0.772561629 77.25616292

HCI (0.5M) 0 1.352141204
1x10° 0.561053241 0.585063129 58.50631286
2.5x10° 0.450424383 0.666880662 66.6880662
5x10° 0.315393519 0.766745132 76.67451316
7.5x10° 0.280767747 0.792353235 79.23532349
1x10° 0.193383488 0.856979813 85.69798131

Acid name Inhibitor 55°C
conc.(M) K Nw (%)

(mgem?h-)

H,.SO, 0 4,455343364 _

(0.5M)
1x10-3 2.213445216 0.503193124 50.31931245
2.5x10-3 2.085262346 0.531963717 53.19637174
5x10-3 1.813078704 0.593055225 59.30552248
7.5x10-3 1.541570216 0.653995194 65.39951941
1x10-2 1.244502315 0.720671963 72.06719633

HCI (0.5M) 0 1.823591821
1x10° 0.881847994 0.516422489 51.6422489
2.5x10° 0.681905864 0.626064421 62.60644206
5x10° 0.565200617 0.690061882 69.00618818
7.5%x10-3 0.460551698 0.747448035 74.74480351
1x10-2 0.331693673 0.818109695 81.81096948

3.4.2. Study

the Effect of inhibitor concentrations and tempexaes on
corrosion inhibition efficiency.

The values of inhibition efficiencies for carboeeitin both 3.5, Adsorption isotherm
(0.5 M HCl'and 0.5 M B5Q) in the absence and presencerne adsorption of organic inhibitor molecule fromet

of different concentrations of the synthesized hitbr at aqueous solution could be regarded as a quasiitstiost

various temperatures are listed in Table (3). Tésults rocess between the organic compound in the agyfase
listed in Table (3) showed that inhibition effic®n(w) [org ;] and water molecule at the electrode surface
increased as the concentration of inhibitor indreasThe [H,0445]

aas

maximum corrosion inhibition efficiency for the ibftor
Or + xH,0,4s © Or 4+ xH;040; cvvvnnnns 16
was obtained at 1xI®M. The obtained weight loss results Bsol 2Yads Bads 2sol (16)

were in a good agreement with those obtained fré®haid
potentiodynamic polarization measurements.
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Where x is the size ratio, that is, the number aftew reciprocal of the binding constant Figs.6 (a, balués of the
molecule replaced by one organic inhibitor. In @itsiation, binding constant are listed in Table (4). The higledues of
the adsorption of the synthesized inhibitor waagmanied the binding constant indicated higher adsorption thod
by desorption of water molecule from the surfadetsPof synthesized inhibitor on the carbon steel surfacbath of
C/y vs. C (Langmuir's adsorption plots) yielded sthaig 0-5 M HCl and 0.5 M 550, solutions.

lines. The intercept of each straight line was édoahe

0.014

0.012 1

m 35 y=1.1517x +0.0011
X 55 ¢ R?=0.9931_~%

0.010 §

0.008 §

0.006

C/O (M)

0.004

0,002 ¥

0.000 e

0.000

1 L

1 L
e . C— E— T e O C—

0.002 0.004 0.006 0.008 0.010 0.012

C (M)

Fig .6a Langmuir’s adsorption plots for carbon stekin 0.5 M HCI containing different concentrationsof S.B at

various temperatures.

0.016

0.014 }

¢ 25¢ m 35c y = 1.3096x + 0.0013
45 ¢ X 55¢ R?=0.9882 X
Linear (55 c)

0.012 }
0.010 }

0.008 }

clie (M)

0.006 }
0.004 }

0.002 }

0.000

0.000

0.002 0.004 0.006 0.008 0.010 0.012

C (M)

Fig.6 b Langmuir’s adsorption plots for carbon steéin 0.5 M H,SO, containing different concentrations of S.B at

various temperatures.
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Table 4. Standard thermodynamic parameters of adsqtion on carbon steel surface in both (0.5 M HCl adt 0.5 M
H,SQO,) containing different concentrations of the synthsized Schiff base.

Acid name  Temperature (°C)  Kags (M) AG ags(KImol™)  AH 46 (KImol™)  AS g6 (3 molK™)

25 111583.766 -28.7957 24.07411711
HCI (0.5M) 35 87183.4325 -29.1301 24.37824548
' 45 65342.8874 -29.3135 -21.6215701 24.18831697
55 50564.5704 -29.5361 24.12956631
25 93969.188 -28.239 28.6495
35 70827.7582 -28.598 28.88499
HSO, (0.5M) -19.70147
45 57749.2285 -28.9868 29.19927
55 44837.8977 -29.2083 28.98421
3.6. Standard thermodynamic adsorption parameters the value of Ecould elucidated the effect of temperature on

Generally, values 0fAG®qs Up to (—20 kJ mah) were corrosion inhibition. The relationships between the
X ads temperature dependence of percentageof the inhibitor

consistent with the electrostatic interaction bemvethe dth be classified ding to t i ffoct
charged molecules and the charged metal physic%'lq e kcan D€ classilied according to temperature etiects
as follows: (i)n,, decreases with increase in temperature,

adsorption. On the other hand, negative valuesthess (— S . o : "
40 kamoTl) involved sharing or tr%msferring of elect(rons a (inhibited solution) > k& (uninhibited solution), (i

from the inhibitor molecule to the metal surfacefdgom a o Cas€s with increase n _temperatur%, @nhibited
coordinate type of bond (chemisorptidi) The calculated solution) < E (uninhibited SOIUF'OO)’. and (”')]W. does not
AG°,4s values in Table (4) are ranging between —28.79 tocha_ngg .W'th temperature, a H(inhibited solution) = E
2953 kJ mot in 0.5 HCl and -28.23 to -29.21 kJ ol (uninhibited solution). In the present work, Ealues in

This indicated that both physical and chemical gatsmns Taple_ 5 |nd|cat_ed that ,E (inhibited s_olu_t|on) > E.
took place?®. Results listed in Table (4) showed th®,g (uninhibited solution), and Hncreased with increasing in

values decreased with increasing the temperatubetim of the inhibitor concentrations in 0.5 M HCI and 0.5HSQ.

0.5 M HCI and 0.5 M BBQ, indicating that the adsorption Th's |s_furt?er conflrmatl_?_rt:_th;\im V"’?'“e_s Qe((j:_realsedﬂ\:wth
of inhibitor is more spontaneously with increasingIncreasmg emperature. This behavior 1s indic ©

. . adsorption of the inhibitor schiff baseon the carlsteel in
temperature. To obtain the standard enthalpy, iptptin . ) . .
KageVs. 1/T yielded straight line according to Eq. )(With 0.5 M HCl and 0.5 M BLBGQ, is physical adsorption. Plotting

slope equal AH®.4s/R. The negative sign afH,gsvalues Of ln(K/T) against 1/T, Eq. (14), for carbon steel
Table(4) of the synthesized inhibitor (Schiff basmlicated ~dissolution in 0.5 M HCI and 0.5 M A0, in the absence
that the adsorption of inhibitor molecule was aotagrmic and presence of different concentrations from the
process®’. In an exothermic process, chemisorption iSynthesized inhibitor, gave straight lines as shamvifig.
distinguished from physisorption by considering thé(a, b). Data in Table 5 represented the valugaldf and
absolute value ofAH®,¢s For the chemisorption process, itAS*), which were calculated from the slope @fH*/R and
approaches (100 kJ mYt while for the physisorption the intercept of (In(R/h) + AS¥/R) of the straight lines.
process, it is less than (40 kJ mpl In this study, the — Values ofAH* and AS* were calculated and listed in Table
AH°,4s values are around (-19.70 to —21.62 kJ Hol 5. Inspection of these data revealed that the atiiv
indicated that only physical adsorption took pladée parameters AH* and AS*) of the dissolution reaction of
obtainedAS®,¢s values were listed in Table (4). The positivecarbon steel in 0.5 M HCl and 0.5 M$0; in the presence
values of AS%y mean that the adsorption process i9f the inhibitor were more than those in the absent
accompanied by an increase in entropy, which igitheng  inhibitor (blank). The positive signs of the enthalAH*)

force for the adsorption of inhibitor onto the cambsteel reflected the endothermic nature of the steel tissn
surface process and indicated that the dissolution of carbiel

was difficult *>. The entropy of activation in presence and
absence of the inhibitor was large and negativés ifhplies
The Arrhenius plots oflnkvs. 1/T for the blank and that the activated complex in the rate determingtgp
different concentrations of the synthesized Sdbei$e were represents association rather than dissociatioticating
shown in Figs 7 (a, b).The obtained activation p&i@r that a decrease in disorder takes place, going femmtant
depicted in Table 5 showed that all the linear @sgion  to the activated complex.

coefficients (f) (0.965 to 0.978) in 0.5 M HCI and (0.995 to

0.998) in 0.5 M HSQ, are very close to 1, that means the

linear relationship between In k and 1/T is gooHe Walue

of E, in the presence of synthesized inhibitor Schifféés

higher than that in the uninhibited acid solutiohany

studied’® showed that E increased in the presence of

inhibitor than in the absence of inhibitor. Eq. \Ehowed

that,— E, /R is the slope of the straight line (In k vs. 1/39,

3.7. Activation parameters
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Fig.7aArrhenius plots related to the corrosion rateof CS in 0.5 M HCI in absence and presence of diffent
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concentrations of S.B at various temperatures.
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4
51
R \
a1
_8 L
*0.5M ®0.001
91 0.0025 0.005
X0.0075  ©0.01
-10 : ' :
0.0030 0.0031 0.0032 0.0033 0.0034

UT (K1)

Fig.8a Arrhenius plots of In (k/T) vs. 1/T relatedto the corrosion rate of CS in 0.5 M HCI in absencand presence of

different concentrations of S.B at various temperaires
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Fig.8 Arrhenius plots of In (k/T) vs. 1/T related b the corrosion rate of CS in 0.5 M HSO, in absence and presence of
different concentrations of S.B at various temperaires

Table 5. Activation parameters values for carbon &el in both (0.5 M HCI and 0.5 HSO,) in the absence and
presence of different concentrations of the synthemed Schiff base.

3.8. Mechanism of inhibition

The adsorption of organic molecule on the solidfases
cannot be considered only as purely physical opwagly
chemical adsorption phenomenon. In physical adsorpt
the inhibitor molecule can be adsorbed on the cadieel
surface via electrostatic interaction between tharged
metal surface and charged inhibitor molecule. Whil¢he
chemical adsorption of the studied Schiff baseearisom
the donor acceptor interactions between free eeqgbairs
of the hetero atoms and-electrons of multiple bonds as
well as phenyl group and vacant d—orbitals of itbrit has
been reported that the adsorption of heterocydimpounds
occurs with the aromatic rings sometimes parallat b
mostly normal to the metal surface. The orientatahn
molecule could be dependent on the pH and/or eldetr
potential. However, more work should be provided t
confirm the above argumentS. In the case of parallel
adsorption of inhibitor molecule, the steric fastatso must
be taken into consideration. The free energy valags
adsorption were lesser than (—40 kJ Moindicating the
physical adsorption of the synthesized Schiff baaehiff
base have basic character and expected to be ptetbm

33

Acid name = Conc of inhibitor (M) = Ex(KIJ mol™) = AH* (KImol™)  AS* (J mol’K™)
Blank 41.7742945 38.0163514 -601.443

1x10-3 63.0232386 59.2652954 -545.335

HCI (0.5M) 2.5x10-3 66.4528544 62.6949112 -5638.123
5x10-3 75.00336 71.2454168 -514.234

7.5x10-3 81.2881521 77.5302089 -496.996

1x10-2 85.2896002 81.531657 -488.671

Blank 55.7603187 52.0023755 -548.514

1x10-3 74.2603235 70.5023803 -500.143

H,.SO, 2.5x10-3 75.5508225 71.7928794 -497.291
(0.5M) 5x10-3 80.100222 76.3422789 -485.37
7.5x10-3 84.4331241 80.675181 -473.783

1x10-2 88.9594689 85.2015258 -462.253

equilibrium with the corresponding neutral form strong
acid solutions. It is also well known that carbéees$ surface
in (0.5 M HCI and 0.5 M kBQy)charges negative charge
because of &—Eq-o (zero charge potential) < 0, thus, it is
easily for the positively charged inhibitor to apach the
negatively charged carbon steel surface due to the
electrostatic attraction. Finally, it should als® dmphasized
that, the large size and high molecular weight diif base
molecule can also contribute the greater inhibigfficiency

of the studied Schiff base as inhibitor. The diéferes in the
corrosion inhibition efficiency of Schiff base ifiitior in
different concentrations and temperatures can tibwaed

to the molecular structure effect. In addition, dwethe
rigidity of the = —system of the inhibitor because of the
coordination through the lone pairs on the nitroggayms of

6(—C=N— and hetero rings) with the partially filleidorbitals

of metal surface which facilitate the delocalizatiof the
electrons ofr —system and producing coordination bonds
which were expected to produce different adsorptiemters
(Chemisorption) and hence corrosion inhibition@éncy.
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3.9. Morphological examination

The (SEM) image of the surface of the carbon steg
specimens explained how much changes happen befidre
after protection of inhibitor from corrosive med{@.5M
hydrochloric acid, 0.5M sulfuric acid) for 24hr sto in

Fig. (9)The results of SEM micrograph image illastr
inhibition efficiency of Schiff base for the surtaof carbon
steel specimens in absence and presence of inhilito
(0.5M hydrochloric acid) shown in Fig. (9).while ather
specimen with the same conditions and time but éddes
(0.5M sulfuric acid) the result shown in Fig. (%he
difference is obvious with the Schiff base inhibitwhich
reveals that Schiff base adsorbed at the surfaceaxdifon
steel form a protection layer against corrosivaitsohs this

is good evidence of high inhibition efficiency odreosion
inhibitor.

1/5/2016 HV |mag| WD spot‘ HFW  det |mode —
1:22:40 PM 30.00 kV|900 x/16.2 mm| 5.3 |332 pm LFD| SE

152016 HV  mag | WD |spot HFW |det — 100 ym
1:29:30 PM 30.00 kV 1 000 x|16.3 mm| 5.3 298 ym|LFD

1512016 | HV  mag | WD spot HFW det -
1:27-18 PM|30.00 KV 1 000 x|16.2 mm 53 298 ym LED

Fig. 9. The SEM images of carbon steel surface aft4 h
immersion period, (A) 0.5 M HCI, (B) 0.5 M HCI + 1
%1072 M of inhibitor , (C) 0.5 M H,SO;,, and (D) 0.5 M
H,SO,+ 1 x10° M of inhibitor.

V. CONCLUSIONS

(1) The prepared Schiff base is excellent inhibitorevsh

remarkable result with both corrosive media
(hydrochloric acid, sulfuric acid) to carbon stebe
efficiency reach to (93.93 %), there is a prosperit
relation with the inhibitor concentration, opposite
relation with temperature.
Inhibition efficiency was specify by three diffeten
method: weight loss, potentiodynamic polarization,
electrochemical impedance method all giving a lagsl
result.

! The thermodynamic parameters describes the

S A M il e adsorption of Schiff Base on the surface of carsteel

according to the value of Gibbs free energy obeys
Langmuir isotherm and Mixed physical, chemical
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adsorption. The heat of adsorption is exothermic

according to enthalpy, the entropy show disorder tdu
start adsorption of inhibitor on the carbon steeface
in both corrosive media.

Not only the values of activation energy)ihcreased
after adding the Schiff base but also the doubjerla
capacitance obtained from the EIS.

The (SEM) show that Schiff base makes a thin layer
organic molecules at the surface of Carbon stegrce
as a good protection against (Hydrochloric acitfusic
acid) which approved the Schiff base is a goodbitidni
for carbon steel.
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