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Abstract The inhibitive effect of some heterocyclic
organic compounds on the corrosion of 304 stainless steel
(304 SS) in 1 M HCI was studied using weight loss, open
potential circuit, potentiodynamic polarization and elec-
trochemical impedance spectroscopy techniques at room
temperature. The polarization curves revealed that these
investigated compounds act as mixed-type inhibitors.
Adsorption of these inhibitors on 304 SS surface was found
to obey the Langmuir adsorption isotherm. Results showed
that the corrosion rate of SS increased with raising tem-
perature and decreased in the presence of investigated
compounds. The highest inhibition efficiency of 70.1% was
observed with these investigated compounds. An improved
inhibition efficiency of 94.5% was observed with the
mixture of these compounds and KI at 25 °C in 1 M HCI.
This indicates that these compounds were assumed to
adsorb on SS surface via physical adsorption. The reac-
tivity of these compounds was analyzed through theoretical
calculations based on semi-empirical theory
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1 Introduction

Stainless steels, due to its high strength, workability and high
corrosion resistance, are used in various scientific and engi-
neering applications like chemical and pharmaceutical
industry [1, 2], food and beverage industry [3], petrochemi-
cal industry [4-6], oil and water pipe lines [7], ship and naval
structures [8, 9], architectural applications, water supply and
desalination plants [10]. However, their weak point is the
susceptibility to localized corrosion in the presence of
aggressive ions such as chloride ions. HCl is used frequently
for acid pickling, industrial acid cleaning, acid descaling and
oil well acidizing. The application of acid corrosion inhibi-
tors in the industry is widely used to prevent or minimize
material loss during the contact with acid. It has been shown
that organic compounds contain heteroatoms with high
charge density, such as nitrogen, sulfur and oxygen or those
containing multiple bonds, are effective acid corrosion
inhibitors [11-21]. The efficiency of the heteroatoms in the
decreasing order is as follows: Se < S <N < O. Mor-
pholinium caprylate, morpholinium sebacate and laurate
[22, 23], morpholinium oleate [24] and morpholinium stea-
rate [25] have been investigated as inhibitors for steel. Azoles
and its derivatives were used as corrosion inhibitors for SS in
acid medium [26]. The inhibiting action of these compounds
is related to the presence of more than one atom with
unshared electron pairs. The relation between the inhibition
mechanism and variation in the electronic structure of the
inhibitor has been studied [27-29]. The corrosion inhibition
of these synthesized organic compounds is mainly because of
physical or chemical adsorption resulting from the interac-
tion of polar centers of the inhibitor’s molecule with active
sites on the metal surface [30, 31]. As a fact, the investigated
heterocyclic compounds are the potential inhibitors for their
structure containing oxygen and nitrogen atoms.
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These investigated compounds have relatively high
molecular size, contain more than one benzene ring, more
than one active center, and are synthesized easily from
cheap raw material. In order to develop the new effective
corrosion inhibitors, the aim of the present work is to
investigate the highest inhibition performance of these
investigated compounds as suitable inhibitors for control of
corrosion of 304 SS in 1 M HCI solution.

2 Experimental
2.1 Materials and Solutions

The experiments were performed with type SS 304 having
the following chemical composition (wt %): 0.03 C, 0.04
P, 0.08 C, 0.75 Si, 2 Mn, 8-11 Ni, 18-20 Cr and the rest is
iron. 304 SS specimens were abraded with different grades
of emery papers, ultrasonically degreased in acetone [32],
rinsed in doubly distilled water and finally dried between
two filter papers at room temperature. Double distilled
water and analytical reagent grade HCl were used for
preparing solutions. The molecular structures, names,
molecular weights and molecular formulas of the investi-
gated compounds are shown:

2.2 Methods
2.2.1 Weight Loss (WL) Technique

The reaction container used in this method was a graduated
glass vessel 8 cm inner diameter and having a total volume
of 150 ml. Hundred milliliters of the test solution was
employed in each experiment. The test pieces were cut
nearly 20 x 20 x 0.2 mm. The specimens were prepared
as before and then weighed. The test pieces were sus-
pended by suitable glass hooks at the edge of the beaker
and under the surface of the test solution by about 1 cm.
After specified periods of time, the test pieces were taken
out from the test solution, rinsed in doubly distilled water,
dried and weighed again and the value of WL in mg has
been reported. Each reading reported is an average of three
experimental readings recorded to the nearest 0.001 g on a
mettler AE166 analytical balance.

2.2.2 Electrochemical Techniques

Three electrochemical techniques (PP and EIS) have been
employed for studying the corrosion inhibition of 304 SS
with and without different doses from investigated com-
pounds. Measurements were taken in a standard glass
three-electrode cell with a capacity of 150 ml. The counter

Inh. Names Structures

Mol formulas Mol. weights

A (E)-2-(4-
(dimethylamino)
styryl)quinazolin-
4(3H)-one

B (E)-2-methoxy-4-
(2-(4-0x0-4H-
benzo[d] [1, 3]
oxazin-2-yl) vinyl)
phenyl acetate N

C (E)-4-(2-(4-oxo0-
3,4-dihydroquinazolin-
2-yl)vinyl)
phenyl acetate

CsH7N30 291.35

C1oH;sNOs 337.33

o
OT C|8H14N203 30632
N 0
ﬁ/\Q/
NH
o]
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and the reference electrodes are platinum and saturated
calomel (SCE), respectively. 304 SS strips with an exposed
area of 1 cm® were used as working electrode. These
measurements were taken using Potentiostat/Galvanostat
(Gamry PCI 300/4) and a personal computer with EIS 300
software for calculations.

2.2.2.1 Potentiodynamic Polarization (PP) Technique A
constant quantity of the test solution (100 ml) was taken in
the polarization cell. A time interval of about 1800 s was
given for the system to attain a steady state, and the open-
circuit potential (OCP) was noted. Current—potential curves
were recorded by changing the electrode potential auto-
matically from — 150 to + 150 mV with scanning rate
0.5 mVs~'. Solutions were not deaerated to make the
conditions identical to WL measurements. All the experi-
ments were carried out at 25 °C. The procedure adopted for
the PP and EIS measurements was the same as described
elsewhere [33]. All experiments were repeated at least
three times for check their reproducibility.

2.2.2.2 EIS Method The EIS spectra were recorded at
open-circuit potential, OCP after immersion of the elec-
trode for 1800 s. The AC signal was 5 mV peak to peak,
and the frequency range studied was between 100 kHz and
0.1 Hz. In each measurement in electrochemical tech-
niques, at least three closer results were considered, and
their average values have been reported.

3 Results and Discussion
3.1 Corrosion Behavior of 304 SS by WL Method

The corrosion behavior of 304 SS in 1 M HCI in the
presence and absence of compound (A) at 25 °C was
studied and is represented in Fig. 1. As shown in this fig-
ure, by increasing the dose of this compound, the WL of
304 SS samples was decreased. This means that the pres-
ence of this compound retards the corrosion of 304 SS in
1 M HCI or in other words, and this derivative (A) acts as
inhibitor. The values of % IE of investigated compounds
are given in Table 1. From this table, the order of the IE of
the investigated compounds is as follows: A > B > C. Itis
obvious that the IE increases with increasing the doses of
the investigated compounds.

3.2 Adsorption Isotherms
The adsorption of an organic compound on the surface of a

metal is regarded as a substitutional adsorption processes
between the organic compound in aqueous phase, 0rg,gq),
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Fig. 1 WL-time curves for the corrosion of 304 SS in 1 M HCI with
and without different doses of inhibitor (A) at 25 °C

Table 1 % IE of the investigated compounds at different doses as
determined from WL method at 25 °C; duration of immersion is
240 min

(Inhibitor) (x 10° M) % 1E
A B C

1 68.4 55.5 43.5
3 69.6 60.4 52.2
5 70.8 63.6 56.4
7 72.8 66.9 60.6
9 75.0 71.2 66.1
11 76.3 74.3 70.8

and the water molecule adsorbed on the electrode surface
[34, 35]:

Org(aq') + HHQO(S) — Org<s> + I’leO(aq) (1)

where n is the number of water molecules removed from
the metal surface for each molecule of inhibitor adsorbed.
According to Bockris and Swinkless [36], n is assumed to
be independent of coverage or charge of electrode. Clearly,
the value of n depends on the cross-sectional area of
organic molecule with respect to that of water molecule. At
equilibrium, the chemical potential (1) on both sides is
equal. Now depending on the expression of (@), as related
to the physical model adopted to describe adsorption of, a
number of mathematical relations have been suggested to
fit the various experimental data available. The simplest
theoretical equation is that due to Langmuir and given by
the equation [37]
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f(@, x)exp(—a, ®) = KC (2)

where f (0O, x) is the configurationally factor that depends
essentially on the physical model and assumptions under-
lying the derivation of the isotherm, and (a) is a molecular
interaction parameter depending upon molecular interac-
tions in the adsorption layer and the degree of hetero-
geneity of the surface. All adsorption expressions include
the K, which is related to the standard free energy of
adsorption (AGyg) by:

K =1/55.5[exp — AGS,, /RT]| (3)

where R is the universal gas constant and T is the absolute
temperature. Plots of C/© versus C (Langmuir’s isotherm)
for adsorption of the investigated compounds on the sur-
face of 304 SS in 1 M HCI at 25 °C are shown in Fig. 2.
The data gave straight lines with slopes nearly unity indi-
cating that Langmuir’s isotherm is valid for these systems,
and also, the values of R? are near to unity. On the other
hand, it is found that the kinetic—thermodynamic model of
El-Awady et al. [38] is valid to operate the present
adsorption data:

Log [@/(1 — ©)] =1logK' +ylogC (4)

The equilibrium constant of adsorption is K = K’
where 1/y is the number of the surface active sites occupied
by one inhibitor molecule and C is the bulk concentration
of the inhibitor. By plotting log [@/(1 — ©)] against log
C at 25 °C, a straight line relationships were obtained
(Fig. 3) suggesting the validity of this model for all cases
studied. The calculated values of 1/y, K and AGyy, are
given in Table 2. Inspection of the data recorded in Table 2
shows that the large values of AGqqy, and its negative sign
indicate that the adsorption of the investigated compounds
on 304 SS surface is proceeding spontaneously and is
accompanied by a highly efficient adsorption. It is worth
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Fig. 2 Langmuir adsorption isotherm plotted for the corrosion of 304
SS in 1 M HCI at 25 °C as obtained from WL method
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Fig. 3 El-Awady kinetic model plotted for the corrosion of 304 SS in
1 M HCI at 25 °C as obtained from WL method

Table 2 Number of active sites (1/y), slopes of Langmuir isotherm
lines, equilibrium constants (K), and free energy of adsorption (AGays
for all investigated compounds obtained from WL measurements at
25 °C

Inh. Kinetic model Langmuir isotherm

Iy Kx10° —AGYs Slope K x 10* —AG3
M! kJ mol ™! M! kJ mol ™!
A 63 8608 55.2 1.1 252 46.5
B 30 149 452 1.1 101 44.2
C 22 46 422 1.1 60 429

noting that the value of 1/y is more than unity. This means
that the given inhibitor molecules will occupy more than
one active site. In general, the values of AGjyy, obtained
from El-Awady et al. model are comparable with those
obtained from Langmuir’s adsorption isotherm. From these
results, it may be generalized that the more efficient inhi-
bitor has more negative AGags, so the order of IE is as
follows: A > B > C.

3.3 The Study of the Corrosion Behavior of SS 304
by PP Method

Polarization curves of 304 SS corrosion in 1 M HCI with
and without different doses of compound (A) at 25 °C are
illustrated in Fig. 4. The numerical values of the variation
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29 Table 4 IE at different doses of the investigated compounds as
determined from PP method at 25 °C
(Inh.) x 10° M % 1E
-3 A B C
1 70.1 54.5 45.5
3 71.4 59.2 54.1
-4 5 727 65.2 58.4
ks 7 74.9 67.3 614
<
= 9 76.1 70.7 65.3
-5 11 77.0 72.6 68.1
/| —— 1.0 M HCI
1x10-6 M
— 3x10-6 M Table 5 % IE at different doses of inhibitors in the presence of
-6 5x10-6 M 1 x 107> M KI as determined from PP method at 25 °C
|| 7x10°6M™m (Inhibitor) (x 10° M) % IE
9x10-6 M
, —— 1.1x10-5M A B C
-0.6 0.5 0.4 0.3 0.2 1 94.5 92.2 91.2
£V (CR 3 95.0 933 92.7
Fig. 4 PP curves of 304 SS in 1 M HCI with and without different 5 95.5 93.9 92.2
doses of compound (A) at 25 °C 7 96.0 943 92.0
9 96.4 94.8 91.6
11 96.8 95.9 90.6

of corrosion current density (i.oy.), corrosion potential
(Ecorr.), Tafel slopes (B, and f..), corrosion rate, (@) and %
IE with the doses of compound (A) are given in Table 3.
The results of this table indicated that by increasing the
dose of the inhibitor, i.,, decreases and hence, % IE
increases. Table 4 represents the % IE of the investigated
compounds as determined from PP technique. The results
of this table follow the following order: A > B > C. The
results of Table 4 indicate that the presence of inhibitors
affects both the anodic metal dissolution and cathodic
hydrogen evolution; this is indicates that these inhibitors
act as mixed-type inhibitors and also E.,, values was
enhanced with no definite trend.

3.4 Synergistic Effect

Iodide ion is found to enhance the inhibitive effect of
several inhibitors in acid solutions. In the present study, the
influence of iodide ion on the inhibitive performance of the
investigated compounds has been studied. Similar results
have been documented [39]. Table 5 shows the influence of
0.01 M KI on IE of various doses of the investigated
compounds for 304 SS using PP technique. It can be seen
from this table that the addition of KI increases the IE of

Table 3 Effect of doses of compound (A) on the electrochemical parameters of 304 SS in 1 M HCI at 25 °C

(Inh.) (x 10° M) —E oy mV icor HA cm ™2 —B. mV dec™! S, mV dec™! CR mm year™' 2] % IE
Blank 396 220.4 95 86 2517 - -

1 363 66.0 134 70 0.754 0.701 70.1

3 363 63.1 135 70 0.721 0.714 71.4

5 361 60.3 136 70 0.688 0.727 727

7 361 55.3 137 71 0.631 0.749 74.9

9 360 527 135 71 0.601 0.761 76.1

11 359 50.8 136 71 0.580 0.770 77.0
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Fig. 5 PP curves of 304 SS in 1 M HCl in the absence and presence
of 1 x 1072 M KI and different doses of compound (A) at 25 °C
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Fig. 6 Plots of synergism parameters Sy of KI versus the doses of the
investigated compounds at 25 °C
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Table 6 Inhibition efficiency
of 1 x 107% M investigated

Temp. °C) (% IE)

compounds at different temper- A B C
atures as determined from WL
method; duration of immersion 25 68.4 555 435
is 240 min 35 59.5 49.6 40.1
45 562 47.0 373
55 52.6 42.1 294
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Fig. 7 Plots of log corrosion rate versus (1000/7) for 304 SS
dissolution in 1 M HCl in the absence and presence of 1.1 x 107> M
of investigated compounds
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Fig. 8 Plots of log (corrosion rate/T) versus (1000/7) for 304 SS
dissolution in 1 M HCl in the absence and presence of 1.1 x 107> M
of investigated compounds

the investigated compounds for 304 SS. Figure 5 repre-
sents the PP curves of 304 SS in 1 M HCI in the absence
and presence of 1 x 107> M KI and different doses of
inhibitor (A) at 25 °C. The synergistic effect between
iodide ions and inhibitor molecules can be explained by the
fact that the addition of KI solution stabilizes the adsorp-
tion of the investigated compounds on the SS surface. This
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Table 7 Thermodynamic activation parameters for the dissolution of
304 SS in 1 M HCl in the absence and presence of 1.1 x 107> M of
investigated compounds

Table 8 Electrochemical kinetic parameters obtained by EIS method
for the dissolution of 304 SS in 1 M HCI with and without different
doses of the investigated compounds at 25 °C

Inhibitor E,* (kJ mol™!) AH* (kI mol™!) —AS* (J mol™! K1)

Blank  23.6 21.0 187.9
C 45.1 425 126.9
B 45.8 432 123.2
A 46.1 434 121.0
-600
-500 |
-400 —— 1.0 M HCI
—« 5x10% M
i 7x10% M
-300 - v 9x10% M
o
£ 1.1x10°5 M
g
=
<, -200
X
g
N
-100
O -
0O 100 200 300 400 500 600
Z eal> Ohm cm2

Fig. 9 The Nyquist plots for the corrosion of 304 SS in 1 M HCl
with and without different doses of inhibitor (A) at 25 °C

stabilization may be caused by the interaction between
inhibitor molecule and iodide ions. Thus, the interaction
enhances the IE to a considerable extent due to the increase
in the surface coverage in the presence of iodide ions.
Figure 6 represents the plots of synergism parameters Sg of
KI versus the doses of the investigated compounds at
25 °C. The values of Sy are almost > 1; this means that
there is a synergistic effect between the inhibitor molecules
and KI.

Aramaki and Hackerman [40] calculated the synergism
parameter Sy using the following equation:

So= (1— 01+2)/(1 - 0/1+2) (5)

where 0., = (0, + 0,) — (0,0,), 0, surface coverage
by anion; 0, surface coverage by cation; 0’,, mea-
sured surface coverage by both anion and cation. Sy
approaches unity when there are no interactions
between the inhibitor compounds, while Sy > 1 points

Inhibitor  (Inh) x 10° Cy —Phase R, ohm R,
M) ng cm™2 degree cm?

I MHCl - 235.3 56.7 150.2 137.8

A 5 162.4 67.6 390.0 325.8
7 147.1 66.3 430.7 343.9
9 111.2 66.8 453.1 372.8
11 108.3 64.9 584.9 459.7

B 5 184.7 66.0 343.1 289.8
7 159.2 67.3 397.9 333
9 140.2 67.2 451.8 369.4
11 119.8 69.5 528.8 4222

C 5 185.0 68.5 3155 282.4
7 179.7 66.2 352.6 296.7
9 171.2 66.9 370.0 303
11 122.3 69.7 517.9 420.8

Table 9 % IE of different doses of the investigated compounds for
the corrosion of 304 SS in 1 M HCI at 25 °C as obtained from EIS
method

(Inh) x 10° M % 1E
A B C

5 61.5 56.2 524
65.1 62.3 574
66.9 66.8 59.4

11 74.3 71.6 71.0

to a synergistic effect; in the case of Sy <1, the
antagonistic interaction prevails.

3.5 Effect of Temperature on the Activation
Parameters of Corrosion Process

The effect of temperature on the corrosion rate in the
temperature range 25-55 °C in the presence and absence of
the investigated compounds was studied. From the results
obtained in Table 6, the % IE was decreased by increasing
the temperature. This indicates that these derivatives are
adsorbed on 304 SS surface physically, also the order of IE
decreased as follows: A > B > C. The rate of corrosion
increases by raising the temperature, due to desorption of
adsorbed molecules and leave the metal surface to face the
corrosive solution. Figure 7 represents plots of the log rate
versus 1/7, and Fig. 8 shows the relation between log (rate/
T) versus 1/T data. The calculated values of the apparent
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activation energy, E,*, activation entropies, AS*, and
activation enthalpies, AH*, are given in Table 7. Gener-
ally, one can say that the nature and the dose of electrolyte
affect greatly the activation energy of the corrosion pro-
cess. The results which are presented in Table 7 showed
that the AH* of all compounds is positive. The positive
sign of the enthalpy reflects the endothermic nature of the
SS dissolution process [41]. Also, all the entropies of
activation were negative. The negative values of entropies
imply that the activated complex in the rate-determining
step represents an association rather than a dissociation
step, meaning that a decrease in disordering takes place
ongoing from reactants to the activated complex [42].

3.6 EIS Method

The corrosion behavior of 304 SS in 1 M HCI solution in
the absence and presence of different doses of the
investigated compounds was examined by the EIS tech-
nique at 25 °C. Figure 9 shows the Nyquist plots for 304
SS in 1 M HCI solution in the absence and presence of
different doses of compound (A). The main parameters
deduced from the analysis of Nyquist diagram are: the
resistance of charge transfer R, (diameter of high-fre-
quency loop) and the capacity of double layer C4 which
is defined as:

Cdl - l/znfmacht (6)

The 0 and the IE obtained from the EIS measurements
are defined by the following relation:

%IE = 0x100 = [1 — (R?,/Re)]x100 (7)

where RY and R, are the charge transfer resistance in the
absence and presence of different doses of inhibitor,
respectively. The data associated with the impedance dia-
grams are given in Table 8. Table 9 shows the IE of dif-
ferent doses of the investigated compounds for the
corrosion of 304 SS in 1 M HCI at 25 °C as obtained from
EIS. From the impedance data given in Tables 8 and 9, one
concludes that: (a) the value of R, increases with the
increasing the doses of the inhibitors and hence the
increase in the IE in acidic solution, (b) as the impedance
diagram obtained has a semicircle appearance, it shows
that the corrosion of 304 SS is mainly controlled by a
charge transfer process, (c) the value of double-layer
capacitance decreases by increasing the inhibitor concen-
tration; this is due to the adsorption of these compounds on
the electrode surface leading to a film formation on the 304
SS surface, (d) the % IE obtained from EIS measurements
is nearly close to those obtained from PP and WL methods.
The order of IE obtained from EIS measurements is:
A>B>C.

@ Springer

3.7 Chemical Structure of the Investigated
Compounds and Corrosion Inhibition

It is generally assumed that adsorption of the inhibitor at
the metal/solution interface is the first step in the action
mechanism of the inhibitors in aggressive acid media. Four
types of adsorption may take place during inhibition
involving organic molecules at the metal/solution interface:
(a) electrostatic attraction between charged molecules and
charged metal, (b) interaction of unshared electrons pairs in
the molecule with the metal, (c) interaction of 7 electrons
with the metal and (d) a combination of the above [43].
Concerning inhibitors, the IE depends on several factors:
such as (1) the number of adsorption sites and their charge
density, (2) molecular size, heat of hydrogenation, (3)
mode of interaction with the metal surface and (4) the
formation metallic complexes [44]. Most organic inhibitors
contain at least one polar group with an atom of nitrogen,
sulfur or oxygen, each of them in principle representing a
chemisorption center. The inhibitive properties of such
compounds depend on the electron densities surrounding
the chemisorptions center: the higher the electron density at
the center, the more the effective the inhibitor. The order of
the IE of the investigated compounds is: A > B > C. The
surface coordination is through the oxygen and the nitrogen
atoms attached to the hetero ring, and these compounds can
be adsorbed in a flat orientation through a bidentate form. It
was concluded that the mode of adsorption depends on the
affinity of the metal toward the m—electron clouds of the
ring system [45]. This behavior can be rationalized on the
basis of the structure—corrosion inhibition relationship of
organic compounds. Linear free energy relationships
(LFER) has previously been used to correlate the IE of
organic compounds with their Hammett constituent con-
stants [46]. The LFER or Hammett relation is given by
[47, 48]

Log R (rate of corrosion) or logIE=—pa (8)

where p is the reaction constant and ¢ (Hammett constant)
is a relative measure of the electron density at the reaction
center. Those constituents which attract electrons from the
reaction center are assigned positive ¢ values, and those
which are electron donating have negative ¢ values. The
slope of the plot of log R or % IE versus o is p, and its sign
indicates whether the process is inhibited by an increase or
decrease in the electron density at the reaction center. The
magnitude of p indicates the relative sensitivity of the
inhibition process to electronic effects.

Compound (A) contains dimethyl amine group in the
para position (o, = — 0.205). This group acts as electron-
donating group which increases the electron density of the
ring and increases the ability of the inhibitor to be adsorbed
on the metal surface. Also this compound contains two
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nitrogen atoms in the hetero ring. So, compound (A) is the
highest effective one. Compounds (B) comes after com-
pound (A) in IE because it contains an acetyl group (-
COOCH3) in the para position (g, = + 0.39) which is
electron-withdrawing group; on the other hand, this
molecule contains a methoxy group in the meta-position
which may add electrons to the molecule. Also compound
(B) contains N and O atoms in the hetero ring (N > O in
basicity). All of the above will decrease the electron den-
sity on the molecule and hence decrease the adsorption
power on the metal surface. Compound (C) is the least
effective one due to the presence of acetyl group in the para
position in the molecule (6, = + 0.39) which is electron-
withdrawing group and contains two nitrogen hetero atoms.
On the other hand, compound (B) has larger molecular size
than compound (C).

4 Conclusions

The investigated compounds were found to be inhibitors
for 304 SS corrosion in HCI solution. The IE decreases
with increasing temperature at all temperatures studied
(25-55 °C). The inhibition is probably due to the adsorp-
tion of these compounds on the metal surface and blocking
its active sites by the phenomenon of physical adsorption.
The data obtained from this study fit well into the Lang-
muir’s adsorption isotherm and also obey the thermody-
namic—kinetic model. Synergistic effect occurs on the
addition of KI to acid containing the investigated com-
pounds which inhibits SS corrosion. The phenomenon of
synergism takes place at very low doses for the systems
studied. Polarization curves proved that the three investi-
gated compounds were mixed-type inhibitors, which can
suppress the anodic and cathodic reactions at the same
time. EIS plots indicated that these compounds were
adsorbed on the electrode surface to form a compact film to
inhibit the corrosion process.
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