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The effects of 2,2'-[bis-N(4-cholorobenzaldimin)ttdithio (BCBD) and bis-(2-aminophenyl) disulpbidBAPD) on the
corrosion behavior of 302 stainless steel in 0.SWMuric acid solution as corrosive medium wereestigated using weight loss
and potentiostatic polarization techniques. Someosmdn parameters such as anodic and cathodid Ehdpes, corrosion
potential, corrosion current density, surface cagerdegrees and inhibition efficiencies were catad. The polarization
measurements indicated that the inhibitors wemiged type which inhibited corrosion by parallesadotion on the surface of
stainless steel due to the presence of more tharactive centre in the inhibitor molecule. The agson followed Langmuir
adsorption isotherm. The activation energy andnioelynamic parameters were calculated at differemtperatures. Results
showed that BCBD had a higher inhibition efficiemompared with BAPD.
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INTRODUCTION known and investigated inhibitors for corrosion siéel in
acidic solution are heterocyclic compounds [1-8)r Ehese

Stainless steel is a material frequently used itsr inhibiting compounds, it is clear that the adsamption the
properties of resistance to corrosion in both thdustrial metal substrate is the initial step in inhibitidrhe adsorption
domain and the maritime field. Indeed, in contaithwhe air, inhibitor is related to the presence of heteroat@ush as
the surface is quickly covered with a chromium aod oxide  nitrogen, oxygen, phosphorous and sulphur and oadbain
layer, which increases the resistance to corrodibe.quality length as well as the triple bond or aromatic ringtheir
and the evolution of this protective film depend valy on  molecular structure. Generally, a stronger co-atitm bond
the environmental conditions close to the metallicface but causes higher inhibition efficiency (IE) [9]. Sdhibases
also and mainly on the chromium content of theyallo condensation product of an amine and a ketonedmhgte,
Type 302 stainless steel (302SS) has found widand RC=NR as the general formula are known examples
application in a wide variety of chemical indussttidt is  this category, and have been investigated forrthibition of
covered with a highly protective film of chromium acid corrosion of stainless steel [10-12], mildebt§l3],
oxyhydroxide and is also resistant to corrosion nimny  aluminium [14] and copper [15]. An interesting pberenon
aggressive environments. Sulfuric acid solutionwéwer, is that Schiff bases systematically display considly
readily attacks 302SS. It is possible to redtlee corrosion stronger corrosion inhibition efficiencies than dihe
rate to the safe level by adding some inhibitdviost well-  corresponding amines [10-11]. The explanation liesthe
presence of unoccupiedt-orbitals in the Schiff base
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transition metal d-orbitals and stabilize the erggtmetal- and N Analyzer, model 2HOB). The compound was
inhibitor bond, which is not possible with the amifi6]. The characterized through its spectral data and itstypwras
aim of the present work is to investigate the iithity effects  confirmed by thin-layer chromatography (TLC) and IR
of 2,2'-[bis-N(4-choloro-benzaldimin)]-1,1'-dithio(BCBD)  spectroscopy.

and bis-(2-aminophenyl) disulphide (BAPD) on comosof

stainless steel 302 in 0.5 M sulfuric acid. Electrodes
The 302 stainless steel composed of 0.15% C, 2% Mn
EXPERIMENTAL 0.045% P, 0.03% S, 17%-19% Cr, 8.00%-10% Ni and Fe
balanced, was used in this investigation. The mldess under
Material Preparation investigation were abraded, and were polished ssosy by

Analytical reagent (AR) grade ,H0O, (MERCK) and emery papers of different grades. 300-1200, cleaned in
double-distilled water were used for preparing sestitions of  ultrasonic bath, and subsequently rinsed with deudlidtilled
0.5 M H,SQO, for all of the experiments. Schiff bases with water and degreased with acetone and dried at room
structures shown in Fig. 1, the bidentate schiffBBC was temperature. For polarization studies, metal wabegtded in
synthesized by the reaction of 2, bis-(2-aminopHeny epoxy resin, to expose a geometrical surface ardacaf to
disulphide with 4-cholorobenzaldehyde and BAPD waghe electrolyte. Prior to these measurements, ttposed
prepared according to the reaction presented in Fg The surface was pretreated in the same manner as fghtless
product identity was confirmedia melting points, Fourier experiments. All experiments were carried out at a
transform infrared (FT-IR) (Maston 1000 FT-IR) apcbton  temperature of 20 + 1 °C, with the electrolyte $iolus in
nuclear magnetic resonanctH (\MR) (Perkin Elmer C, H equilibrium with the atmospheréed aerated solutions).
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Fig. 1. Chemical structures of the investigated inhibit¢a3 BCBD (b) BAPD and synthesis methods of inigeted
inhibitors (c) BCBD (d) BAPD.
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Weight Loss Measurements

The experiments were carried out in 0.5 MSB, using
cold rolled steel and as per ASTM, G31-71. The tedeles
under investigation were abraded,
successively by emery papers of different grades,300-
1200, cleaned in ultrasonic bath, and subsequéentgd with
double-distilled water and degreased with acetortedsied at
room temperature. To be brief, stainless steel ispEts in
triplicate were immersed for a period of 24 h irD 1l acid
solution containing various concentrations of thaibitors.
The mass of the specimens before and after immmensas
determined using an analytical balance accurate gl
Relative differences between triplicate experimemsre
found to be smaller than 8%, indicating good repoaility.

Electrochemical Studies

The electrochemical experiments were carried myirex
cell with three compartments. A Pt foil auxiliadgetrode was
used as the counter electrode and a sutured cakipwttode
(SCE) served as reference electrode.

Measurements were obtained using a potentiost@e C
CV& PG system model DPSWX (ZaG Chimi). Prior to the
polarization measurements, the open-circuit paefecame
stable within 30 min, and after that all tests weeeformed at
room temperature at constant sweep rate 2 th\Mribition
efficiencies were determined from corrosion curgsent
calculated by Tafel extrapolation method.

RESULTS AND DISCUSSION

Gravimetric Measurements

The corrosion rates of stainless steel in differen
concentrations of the inhibitors were calculateconfr
expression (1):

W = Am/At Q
where Am is the loss in weight (mg)A is the area of the
coupon (crf) andt is the exposure time (h).

From the values of corrosion rate in the presgivig,)
and absence Wy Of the inhibitors, their inhibition

efficiencies (IE%) were respectively calculated nfro
expression (2):

IE% = [1 - Wyn/Wpiand * 100 (2

Figures 2 and 3 show the variation of inhibitioficééncy as a

and were polisheflinction of concentrations of inhibitors in 0.5 M$0, at 20

+ 1 °C after 24 h of immersion. The results shovtldt
inhibition efficiency increased as the concentratiof the
inhibitor rose from 4.1 M and 8 M to 16.2 xAM and 32 x
10° M of BCBD and BAPD, respectively. The increase of
inhibitor efficiency with concentrations of inhibits may be
attributed to the formation of a barrier film whighrevents
attack of the metal surface by acid.

Polarization Measurements
Sulfuric acid (0.5 M) containing various concetitnas of
inhibitors (0, 20, 40 and 80 ppm) were used foteptiostatic

L 2

70 1 1
4 9 C (M) x 10°14 19

Fig. 2. Variation of the inhibition efficiency with diffent
concentration of BCBD.
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o° 28 38

Bemx1

Fig. 3. Variation of the inhibition efficiency with differg
concentration of BAPD.
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Fig. 5.Polarization curves of stainless steel 302nasxbin
0.5 M HSGQ, containing different concentration < =)
blank, = ==) 20 ppm, ~ ) 40 ppm and == = =)

80 ppm of BAPD at 201 °C.

Fig. 4. Polarization curves of stainless steel 302 reconded
0.5 M HSQ, containing different concentration
¢ - =) blank, = =) 20 ppm, - ) 40 ppm and
&~ --) 80 ppm) of BCBD at 2& 1 °C.

measurements. Polarization curves for stainlesd sté).5 M 0 = (lp- /1) 4)
H,SG, in the absence and presence of BCBD and BAPD at 20
+ 1 °C are shown in Figs. 4 and 5. where } and | are the corrosion current densities obtained

The electrochemical parameters for the alloy ind ac the absence and presence of the inhibitor. The ebigh
solution derived from polarization curves are giveTable 1.  inhibition efficiency of 92.5% was found at a contration of
This includes: corrosion potential £, corrosion current 16.2 M BCBD.
density (kor), critical current density ), inhibition efficiency An inspection of the results obtained from Table\ieals
(n) and surface coverage degrég The percentage inhibition that the increase in the concentration of the aadit
efficiency (1%) and surface coverag®) @re obtained from the compounds indicates the following:

following relations: (i) Increase of both anodic and cathodic Tafelpek
indicates a mixed anodic and cathodic act on theosimn
n% = (lp- I/lg) x 100 (3) mechanism [17i.e. mixed inhibitor.

Table 1.Electrochemical Parameters of Stainless Steel 3025 M HSO, with out and with Different
Concentrations of BCBI&APD

Concentration loglcor -E loglei lcorr leri
5 -2 -2 -2 -2 S n (%)

(M) x 10 (A cm®) (mV) (Acm”) (MAcm®) (A cm™)

BCBD

0 -4.12 200 -3.48 75.8 331.1 0 0
4.1 -4.65 155 -4.00 22.3 100 0.70 70.5
8.1 -5.12 130 -4.68 7.58 20.8 0.90 90.0
16.2 -5.25 130 -4.64 4.36 22.9 0.92 92.5
BAPD

0 -4.12 200 -3.48 75.8 331 0 0
8 -2.40 195 -3.68 63.0 208 0.16 16

16 -4.44 170 -4.12 36.0 75 0.52 52
32 -4.68 140 -4.12 20.8 75 0.72 72
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) 20°C, (- - =) 30°C and Fig. 7. Effect of temperature—) 20°C, (- - =) 30°C and

& - -) 40°C) on the cathodic and anodic responses
for stainless Steel 302 in 05 MSAy + 32 x 16 M

of ADPA.

Fig. 6. Effect of temperature—
& --)40°C) on the cathodic and anodic responses
for stainless Steel 302 in 0.5 NS, + 16 x 1 M
of BCBD.

(i) The IE calculated from weight loss and patation  behavior has been reported earlier [18-20].
measurements was found to increase with increatiieg
inhibitor concentration. Moreover, the inhibitorused no Effect of Temperature
change in the nature of anodic and cathodic Tafgbes, The temperature can modify the interaction between
indicating that it is first adsorbed onto iron s and thus thestainless steel electrode and the acidic mediunthe
impedes the corrosion process by merely blockieg#action absence and the presence of the inhibitor [21].
sites of iron surface without affecting the anoaiw cathodic Polarization curves for stainless steel in 0.5 MSE,
reaction mechanism. without and with 80 ppm of inhibitors in the tematerre range
(iii) The current-density values decrease in tlasspve 20-40+ 1 °C are shown in Figs. 6 and 7 and the corredpgnd
region as the concentration of inhibitors increaséhe data are given in Table 2. The corrosion curremsig
corrosion potential (&) increases as the concentration of theincreases with increasing temperature in both tbitgd and
inhibitor increases from 20 to 80 ppm. The corrostoirrent  inhibited solutions but the corrosion current dgnsif steel
(leory and critical current density ) decrease as the increases more rapidly with temperature in the mts®f the
concentration of the inhibitors increases. Suatharacteristic  inhibitors.

Table 2.The Influence of Temperature on the Electraulbal Parameters for Stainless Steel 302 Eldet
Immersed in 0.5 M,SO, Containing 16.2 x I®M and 32 x 18 M of BCBD and BAPD Respectively

Temperature loglcorr -E logleri lcorr leri 6 H
(+1 °C) (A cmi?) (mV) (A cm?) (MAcm?)  (HA cm?) (%)
BCBD

20 -5.25 130 -4.64 4.3 22.9 0.92 92
30 -5.2 160 -4.2 6.3 63.0 0.91 91
40 -4.8 170 -3.8 15.8 158.4 0.80 80
BAPD

20 -4.68 220 -4,12 2.08 7.5 0.72 72
30 -4.36 300 -3.84 4.36 1.44 0.42 42
40 -4.25 280 -3.36 6.3 4.36 0.16 16
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Fig. 9. Arrhenius slopes calculated from corrosion current
5 density for stainless Steel 302#):4.5 M H,SO,
10°/T (K) ands() 0.5 M H,SO, + 32 M of BAPD.

315 32 325 33 33 34 345

Fig. 8. Arrhenius slopes calculated from corrosion current
density for stainless Steel 302 k) 0.5 M SO,

ande) 0.5 M HSO, + 16 M of BCBD. IE. The activation energy was higher in the preseoftthe

inhibitor than in its absence. This type of theilitor retards
the corrosion process at ordinary temperature [F2v2hereas
This proves that the inhibition occurs through thethe inhibition is considerably decreased at elalate
adsorption of the inhibitor on the metal surfacg][1 temperatures.
Desorption was aided by an increase in temperafre.
degree of coverag®) was found to increase with increasing Adsorption Isotherm

the concentration of additive compounds and deetkas the The nature of inhibitor interaction on the corrglBurface

temperature was raised from 2040 °C. during corrosion inhibition of metals and alloysshheen

The activation energy of the corrosion process ban deduced in terms of adsorption characteristicdefimhibitor
calculated using the following equation: [24-25].

The degree of surface coverag®) (for different

K = A exp(-E/RT) (5) concentrations of inhibitors in the acid has beealuated

from polarization measurement values. The valug®)dfiave

where E is the activation energy, A is the frequency facto ~ been inserted into Tables 1 and 2. The degree dacu
is the absolute temperature, R is the gas constadt k is the coverage was found to increase with increasing the
rate of metal dissolution reaction which is dirgatblated to  concentration of additive compounds, and decreasedhe
corrosion current density ) [15]. Plotting kvs.1/T, the temperature was raised from 20-401 °C The data were
value of E can be calculated from the slopes of straightsline tested graphically by fitting it to various isothes. A straight
(Figs. 8 and 9). The values of, Bbtained in 0.5 M sulfuric line was obtained on plotting €As. C (Figs. 10 and 11)
acid are listed in Table 3. The results agree \ith order of suggesting that the adsorption of the compounda fte acid

Table 3 Activation Energy (B of Corrosion, Enthalpy and Free Gibbs EnergfeSchiff
Bases Adsorption ObtaineshfrPolarization Measurements

Inhibitor Ea(kJmo®)  AH (kJ mol*) AG (kI mol)  AS (kJ mol'K™)

Blank 27.8 - - -
BCBD 37.4 -53.0 -27.9 -0.08
BAPD 48.7 -43.4 -24.9 -0.06
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Fig. 10.Langmuir isotherm adsorption model on the steel
surface of BCBD in 0.5 \b&0y.

on stainless steel surface followed Longmuir adsomp
isotherm.

The free energy of adsorptionAG,) at different
temperatures was calculated from the following ¢qua:

AGgys= -RT In(55.5K) 6)
and K is given by:
K = 6/C (1) )

— 2.5 °
T,
© 2 _
E 15 R°=0.9547
£ 1
D
U 0 1 1
0.1 0.2 0.3 0.4

Cinn (mmol cm®)

Fig. 11.Longmuir isotherm adsorption model on the steel
surface of BAPD in 0.5 M,8IO,.

Eq. (3) can be converted to logarithmic scales:

log(6/(1- 6)) = logA + logC -AH/2.303RT 9

Plot of log@/(1-6)) vs. (1/T) at constant additive
concentration is shown in Fig. 13. The slope oflihear parts
of the curves is equal t&H/2.303R from which the average
heat of adsorptiodH was calculated whose value is given in
Table 3.

The negative values @&H reflect the exothermic behavior
of inhibitors on the stainless steel surface. Tlifer@nces in

where® is the degree of coverage on the metal surfads, C the inhibition efficiencies of the two compoundspeed on

the concentration of inhibitor in M and K is theudiprium
constant. The value @G,qsis given in Table 3. The low and

their structures, since both of the molecules #exhed to the
surface of the alloy. The color and benzene ringsigs on

negative values oAG,q indicate the spontaneous adsorptionBCBD tend to increase the electron density on thiE Group,

of the inhibitor on the surface of SS302. The niggatalues
of AG,4sare indicative of the strong interaction of thiilitor
molecules with the alloy surface [26-27].

The plot logb/1- B) vs. logC was found to be linear for this
inhibitor (Fig. 12). The equilibrium constant (K)orf
adsorption-desorption process for this compound ban
calculated from reciprocal antilogarithm of intgote

The Langmuir adsorption isotherm [28] may be espee

by:
6/1- 6 = AC exp(AH/RT) (8)

where T is temperature A is independent constantis C
inhibitor concentration, R is gas constafM is heat of

adsorption an@ is surface coverage by the inhibitor molecule.energy,

increasing the bond strength between the molecute the
metal surface under these circumstances. Therefibre,
inhibition efficiency of BCBD should be higher thaimat of
BAPD, as was observed.

CONCLUSIONS

BCBD and BAPD inhibit stainless steel corrosion in
sulphuric acid solution. The inhibition efficiendpcreased
with concentration but decreased with a rise inperature.
The inhibitor molecules were physically adsorbedtemetal
surface following Longmuir adsorption isotherm. The
thermodynamic values {FAH, AG and AS) obtained show
that the presence of the inhibitors increases tttevagion
while the negative values &G indicate the
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y = 0.5867x + 3.2383
1 °
05 y =0.6798x + 2.691
o} [ ]
-0.5
-4.4 -3.9 -3.4

logCin, (Mmol cni®)

12.Plot of logP/1-8) vs. logC for stainless Steel 302 in
0.5 M SOy solution at 2@t 1 °C (@) ADPA and ¢)
BCBD).

spontaneous adsorption of the inhibitors on thdasa of [12]
stainless steel.
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