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Cetyltriphenylphosphonium bromide (CTPPB) was investigated as a corrosion inhibitor for C-steel in
0.5 M HCI using chemical and electrochemical techniques, as well as, surface examination by SEM.
The data indicated that CTPPB gives good inhibition effect and the inhibition mechanism is based on
the adsorption process forming a barrier layer film that protect the metal from acid attack. The
adsorption is found to obey Langmuir model. The effect of temperature was studied. The inhibition
efficiency increased by increasing inhibitor concentration and decreased with temperature. Some
thermodynamic parameters for adsorption process are deduced and discussed.
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1. INTRODUCTION

The study of corrosion inhibition of C-steel took great efforts of scientists and researchers
especially in acidic media. The practical importance of this aspect is found in many fields, among of
which, the acid pickling of iron and steel, electro-polishing, chemical cleaning and processing, metallic
ores production, oil recovery and petrochemical industries. Hydrochloric acid is consider as an
important mineral acid used in previous fields [1-5]. The effective inhibitor is generally required in
these processes to control the metal distortion process and acid consumption. Actually, the effective
acid corrosion inhibitors are bulky organic molecules that carry heteroatoms such as N, S or O atoms
and give higher inhibition efficiency [6-10].

Among the effective inhibitors with high protection efficiency and environmentally save are
the surface-active, surfactants that are used as inhibitors for corrosion of steel [11-15]. In addition, the
low price of these materials and the relative ease of preparation prefer the using of surfactants towards
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the corrosion of steel [16-20]. Previous studies attributed the inhibitive effect of surfactants in
aqueous solution to the adsorption process through the active centers on the metallic surface, which is
physico- or chemi- sorption type or both together. The adsorption of the surfactant molecules alter the
corrosion resisting property of the tested material [21-24]. The adsorption process depends on many
factors among of which are the nature and the type of charge on the metallic surface, the type of
corrosive solution, the structure of the added inhibitor and the nature of its interaction with the metallic
surface [24].

The aim of the present study is to highlight the inhibitive effect of a pure and cheap surfactant,
cetyltriphenylphosphonium bromide (CTPPB) towards the corrosion of C-steel in 0.5 M HCI, using
chemical and electrochemical techniques. Weight loss, hydrogen gas evolution and potentiodynamic
polarization techniques, as well as, scanning electron microscope, SEM, investigation. The effect of
temperature on the dissolution and inhibition process is studied. The adsorption mechanism and the
inhibition efficiency of CTPPB are investigated and some thermodynamic parameters are calculated
and discussed.

2. MATERIALS AND METHODS.
2.1. Materials

Table 1. Molecular structure, molecular formula (M.F.) and molecular weight (M.W.) of
cetyltriphenylphosphonium bromide (CTPPB).

Molecular structure M.F. M.W.

S ISR P

C-steel used in forms of a rod as a working electrode and sheets had the following composition
(Wt.%): 0.12% C, 0.5% Mn, 0.17% Si, 0.06%S, 0.046% P and the remainder iron. Steel coupons are
prepared with dimensions of 2.0 cm x 7.6 cm x 1.2 cm were used for weight loss, hydrogen evolution
measurements and SEM investigation. For potentiodynamic polarization and electrochemical
impedance spectroscopy cylindrical C-steel rods with surface area of 0.42 cm? are used. Prior to each
run, the sample was abraded with 280, 400, 600, 800 and 1200 grades of emery papers. The specimens
were washed thoroughly with distilled water, degreased and dried with ethanol before being weighed
and immersed in 100 ml of the test solution.

Cetyltriphenylphosphonium bromide (CTPPB) is used as a cationic surfactant, Table 1, was
purchased from Aldrich Chemical Co. The corrosive solution (0.5 M HCI) was prepared by
appropriate dilution of analytical grade 37% HCI with bi- distilled water.
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2.2. Weight loss method

The C-steel samples were allowed to stand for the desired time in a closed beaker containing
100 ml 0.5 M HCI solution with and without the required concentration of CTPPB. Experiments were
carried out in duplicate and the mean weight losses value were reported. The procedure of weight loss
study was similar to that reported before [25-27].

2.3. Hydrogen evolution method

For the hydrogen evolution technique, the used C-steel sample are similar to that used in
weight loss measurements. The procedure of H, measurements was similar to that reported before [25,
26]. A 100 ml of the corrosive or the inhibitive solution was introduced into the reaction vessel,
containing C- steel coupon. The volume of the evolved of hydrogen gas was followed at different
times.

2.4. Electrochemical measurements

A conventional three electrode electrochemical cell system is used for electrochemical
experiment. A Pt wire was used as an auxiliary electrode. The reference electrode was saturated
calomel electrode (SCE), while C-steel electrode was the working electrode. Before each run, the
working electrode was abraded and prepared as used before [11, 25-27]. Before starting polarization,
the prepared electrode was left in the test solution until Eg is reached. All electrochemical
measurements were performed using a laboratory potentiostat (Volta lab 40 PGZ301, France). The
potentiodynamic polarization measurements were obtained by changing the electrode potential
automatically from -800 to -220 mV vs SCE, at a scan rate of 0.2 mVs™, at 25 °C.

The surface coverage (¢) and inhibition efficiencies (; %) at different CTPPB concentration,
are calculated using the following equations [25, 26] :

. f“,,
o=(1-= (1)
'{inh
n%=_(1- 100 (2)
fres

where linn and e are the corrosion current densities in 0.5 M HCI with and without CTPPB inhibitor,
respectively.

2.5. Electrochemical impedance spectroscopy (EIS)

Impedance measurements were carried out in frequency range from 100 kHz to 0.5 Hz with
amplitude of 5 mV peak-to-peak using AC signals at open circuit potential. The experimental
impedance were analyzed and interpreted based on the equivalent circuit model [11].
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2.6. Scanning electronic microscope (SEM)

Two of C-steel specimens were abraded with emery papers then were washed with bi-distilled
water and acetone. After immersion for a period of 30 min in 0.5 M HCI without and with 1x10> M
CTPPB, at 25 C, the C-steel specimens were pack up, cleaned with distilled water, dried using a cold
air blaster for investigation under SEM using A Jeol JSM-5400 instrument.

3. RESULTS AND DISCUSSION

3.1. Weight loss measurements:

The corrosion behavior of the examined metal in an aqueous environment is generally
characterized by the extent to which it dissolves in the solution. Fig 1 depicts the data of weight loss-
time curves of the examined C-steel in aqueous solution of 0.5 M HCI devoid of- and containing
different concentrations of CTPPB, at 25°C. It seems clear that, the weight loss of C-steel coupons in
the absence and presence of CTPPB inhibitor varies linearly with time. The loss in weight in presence
of inhibitor is much lower than that obtained in free acid solution. This loss in weight becomes more
lower as CTPPB concentration is increased. In additions, the linear fitting of weight loss- time relation
confirms that the dissolution of C-steel in the corrosive solution is accompanied by the formation of
soluble corrosion products [27].
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Figure 1. Weight loss-time curves for C-steel in 0.5 M HCI devoid of and containing different
concentrations of the CTPPB.

Mathematical equations based on the previous literature can be used to express the
experimental data of mass loss by some of corrosion parameters such as, corrosion rate (r), surface
coverage () and inhibition efficiencies (r %), as following [25, 26]:

-
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where AW is the mass loss, I, and rj are the rate of corrosion in 0.5 M HCI without and with
CTPPB inhibitor, respectively, S is the total surface area in cm? and t is the immersion time, in min.
The calculated values of corrosion characteristic, r, 8, n % are listed in Table 2. It is clear that CTPPB
inhibitor retards the dissolution of C-steel in 0.5 M HCI, by decreasing the corrosion rate, which
becomes lower by increasing the inhibitor concentration. The inhibition efficiency, r %, is increased to
take maximum value (81.4%) with 1x10> M CTPPB.

o

Table 2. Values of corrosion rate, r, & and 5 % at different concentrations of CTPPB in 0.5 M HCI, at

25°C.
CTPPB Mass loss method Hydrogen evolution method
concentration, | r,pgecm“min™ | 6 n% | r,mem?min® [ 6 n %
M
Free 4.660 - -- 0.032 - --
1x10° M 3.670 0.212| 21.2 0.0252 0.213 | 21.3
1x10° M 3.350 0.281| 28.1 0.0202 0.369 | 36.9
1x107" M 3.100 0.335| 335 0.0155 0.516 | 51.6
1x10°M 2.830 0.393| 39.3 0.0099 0.691 | 69.1
1x10° M 2.130 0543 | 54.3 0.0072 0.775 | 775
1x10* M 1.610 0.665| 65.5 0.0411 0.872 | 87.2
1x10° M 0.867 0.814| 81.4 0.0282 0912 | 91.2
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Figure 2. Variation of rate of corrosion with log Ccrppg for C-steel in 0.5 M HCI: (A) weight loss
method and (B) gasometry method.

Fig 2A depicts the variation of rate of corrosion, r, of C-steel with the logarithm of CTPPB
concentration. S-shaped relation is obtained, confirming that the inhibition of CTPPB on C-steel
surface can be attributed to the adsorption process [25, 26].
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3.2. Hydrogen evolution

C-steel coupons were performed in 0.5 M HCI devoid of- and containing different
concentrations of CTPPB, at 25 C. The concentration of the inhibitor is varied between 1x10 and
1x10° M. Fig 3 depicts the increase in the volume of the evolved H, gas on C-steel surface with the
immersion time. It is noteworthy to see that, there is an induction period before the sudden increase in
the volume of the evolved H; gas. This period is known as an incubation period, which is required to
remove any pre-immersion oxide film on the metal surface and start metal dissolution [25, 26]. After
incubation period, the volume of the H; gas evolved increases linearly with time due to the possible
anodic dissolution of the bare metal surface according to the reaction:

Fe — Fe™ +2¢ (6)

The accompanied cathodic reaction consumes the electrons released in the anodic reaction is
the overall H, reaction:

2H ' +2e — H, (7)

However, it is noteworthy to see that the rate of corrosion is determined from the linear relation
between the volume, V, of H, evolved in ml/cm? and the immersion time, t, in minute, Fig 3,
according to the relation:

V =rt (8)

where r is the slope of the straight lines, (V- time relation). The data shows that the rate of
dissolution of C-steel, under the prevailing experimental conditions, decreases as the CTPPB
concentration is increased according to sigmoidal S-shaped curve, Fig 2B.

3.5
*
30 /
0.5 M HCI + CTPPB /' —e— Free
N 25 N

§ J S —e—1aom
= /’

& 2.0 -
T g A o™
5 YA
® * /

E 5 /) & " 4 —<—1x10'™m
o ol ’/ /> e /
> o w 5

1.0 - /. ¢y 4 v —v-1x10°M
, v ]
P /:// ("/{V/ a4 A DA0°M
05 :/: /4//v/v A/A/A/. e 1x10'4M
X —m—1x10°Mm
= = 1 1
0 30 60 90 120 150 180 210

Time, min

Figure 3. Volume-time curves for C-steel in 0.5 M HCI devoid of and containing different
concentrations of CTPPB.

This behavior gives as an indication that the inhibition of C-steel corrosion by CTPPB is
suggested to depend on the adsorption of the inhibitive molecules on the metallic surface [25, 26]. The
values of the surface coverage (6) and inhibition efficiencies (; %) at different concentrations of
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CTPPB, are calculated from the values of corrosion rate (r) as shown before [25, 26], Table 2. It is
clear that the values of 8 and 7, % takes higher values as the CTPPB concentration is increased, as due
to the increase in the amount of the adsorbed CTPPB molecules on metallic surface.

3.3. Potentiodynamic polarization measurements

The curves of Fig. 4 depicts the potentiodynamic polarization curves for C-steel in 0.5M HCI
without and with additions of various concentrations of cetyltriphenylphosphonium bromide (CTPPB)
inhibitor, at 25°C. It is clear that, each of the cathodic and anodic polarization curves in presence of
CTPPB inhibitor are suppressed. CTPPB increases the over-voltage of each of cathodic and anodic
processes, causing parallel displacement of Tafel lines into the more active and noble directions,
respectively. This behavior could prove that the mechanism of hydrogen evolution reaction is
activation-controlled process. In addition, both the hydrogen evolution and the anodic dissolution
mechanisms are not altered by presence of CTPPB inhibitor [28]. Also, it is noted that the anodic and
cathodic Tafel slopes take little change in presence of CTPPB suggesting that the adsorption of CTPPB
molecules on the anodic and cathodic sites is controlled by a mixed-type, by blocking of both the
active anodic and cathodic reaction sites [29].
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Figure 4. E-log | curves for C-steel in 0.5M HCI devoid of and containing different concentrations of
CTPPB, at 25°C

Table 3 shows the electrochemical corrosion parameters, such as, corrosion potential, Ecor,
corrosion current density, l.or, cathodic Tafel slope, f., anodic Tafel slope, S, of the corrosion process
in the absence and presence of different concentrations of CTPPB. The 5 % obtained from
potentiodynamic polarization measurements are increased with increasing CTPPB concentrations and
follow the same sequence to those deduced from weight loss and gasometry measurements.
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Table 3. The electrochemical corrosion parameters of C-steel in 0.5 M HCI devoid of and containing
of different concentrations of CTPPB, at 25°C.

CTPPB “Ecor. e -Be 5

concentration, mV 2 | mVdec 1 0 n %

M (vs SCE) mAcm 1 mVdec
Free 501.2 1.0365 198.6 288.9 -- -

1x10" M 522.7 0.7527 183.5 148.8 0.274 27.4
1x10°M 536.3 0.615 190.2 150.3 0.407 | 40.7
1x10° M 947.1 0.4402 192.2 149.7 0.575 57.5
1x10™ M 529.4 0.3622 169.9 130.2 0.651 65.1
1x10° M 538.5 0.2266 149.6 128.3 0.781 78.1

3.4. Electrochemical impedance spectroscopy (EIS)

The inhibition performance of an inhibitor on a metallic surface depends on many factors
among of which is the chemical structure of the inhibitor, the nature of the metal, and also on the
experimental conditions such as the immersion time, pH of the solution, as well as, the concentration
of the adsorbent [30, 31]. The effect of cetyltriphenylphosphonium bromide (CTPPB) on the corrosion
of C-steel in HCI was also studied by EIS method to confirm the results obtained by other used
methods. The curves of Fig.5 depicts the Nyquist plots for C-steel in 0.5 M HCI solution devoid and
containing different concentrations CTPPB inhibitor, at 25 C. The impedance spectra were measured at
the corresponding open-circuit potentials. The impedance spectra show the existence of the single
semicircle proving the single charge transfer process accompanying the metallic dissolution step,
which is uninfluenced by the presence CTPPB. It is noteworthy to see that the curves of the Nyquist
plots plotted in Fig 5 are not perfect semicircles. This behavior could be interpreted as stated before to
the frequency dispersion effect as due to electrode roughness and inhomogeneity effect[32, 33]. To
analyze the impedance spectra, the equivalent circuit given in Fig 6 is used. In this circuit, Rs refers to
the solution resistance between the steel electrode and the reference electrode while R represents
charge-transfer resistance and Cg represents the electrochemical double layer capacitance. Generally,
the presence of inhibitor enhances R and decreases Cgq. The lowering in Cg values in presence of
inhibitor can be suggested to the presence of a protective film formed as due to adsorption of the
inhibitor on metal surface [32-35].

The values of the charge transfer R are calculated for different of CTPPB concentrations by
the high and low frequencies using the equation [36]:

Ret = [ Zreal (at low frequency)- Zimg (at high frequency)] 9)

The values of the Cg obtained from the analysis of Nyquist diagram at the maximum frequency
fmax at the maximum imaginary impedance Zn.x and the resistance of charge transfer R (diameter of
high frequency loop) using the equation [37]:

Car = -

(10)

27 frax Bee
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Figure 5. The Nyquist plot for C-steel in 0.5 M HCI devoid of and containing different concentrations
of CTPPB, at 25°C.

The values of surface coverage () and the percentage inhibition efficiency (' %) in presence
of CTPPB, are calculated from the data of R values using the equations [38]:

Rt inn —R
9 — ( ct.inh ct ) 11
Rcr_[ni". ( j
rl.l' % — ( Rff_l:."l?‘._RE'f ) 1':":. (12]
ct.inh

where R inn and R are the charge transfer resistance calculated with and without CTPPB inhibitor,
respectively, in 0.5M HCI. The calculated data of the electrochemical parameters of EIS measurements
are tabulated in Table 4. It is noted, from the data of this table, the increase the charge transfer
resistance, R, and the decrease in the double layer capacitance, Cq4, with increasing CTPPB
concentration. This behavior prove that the inhibition of C-steel corrosion in HCI solution by the
action of CTPPB inhibitor can be related to the adsorption process, forming a protective layer on metal
surface [36]. In addition, the values of inhibition efficiency (n' %) in presence of CTPPB takes higher
values with increasing inhibitor concentration to reach 80.9 % with 1x10°M CTPPB.

Rs Rct
S W +
R.E. W.E.
Ca
Y,

Figure 6. Equivalent circuit compatible with the experimental impedance data.
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Table 4. EIS data of C-steel in 0.5 M HCI with and without different concentrations of CTPPB, at

25°C.
CTPPB concentration, Cual, Ret,
M uFcm 2 Q em® d n %
Free 124.3 20.22 -- --

1x10” 123.4 25.77 0.2499 25.0
1x 10° 103.7 42.95 0.4248 42.5
1x107 88.8 56.63 0.5628 56.3
1x10™ 54.27 65.69 0.6539 65.4
1x107 49.05 81.10 0.8085 80.9

3.5. Adsorption isotherm

Many general adsorption isotherms provided by many scientists, such as, Temkin, Langmuir,
Frumkin, Frundlich, Bockris-Swinkels and Flory-Huggins isotherms, are used to fit the experimental
data. The confirmed adsorption isotherm was found to obey Langmuir type. This type of isotherm can
be represented by the mathematical equation [39]:

C 1

+ Cinn (13)

inkh __

g K

ads

where Cin, is the CTPPB concentration and Ky is the adsorbability constant of the adsorption process,
6 is the surface coverage calculated by equation using geometry measurements.

Plotting of Cin/0 versus Ciy, gives a straight-line relation, Fig 7, confirming Langmuir
adsorption isotherm. The corresponding linear regression parameters are listed in Table 5. Each of the
linear correlation coefficient and slope are approximately equal to one, suggesting that the adsorption
of CTPPB on C-steel surface obeys Langmuir adsorption isotherm. In addition, the value of the
adsorbability constant, K,is can calculated from the inverse of the intercept value, according to
equation 13. The large value of K,gs is an indication of strong adsorption of CTPPB on C-steel surface.
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Figure 7. Langmuir's adsorption isotherm of CTPPB on C-steel in 0.5M HCI, at 25°C.
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The standard free energy of adsorption, AG° can be calculated from the value of the
adsorbability constant, K,gs, according to the equation [39]:

1 —AG”
Kaas = Tc o ©XP (F) (14)
where T is the absolute temperature, 55.5 is the concentration of water expressed in molar value and R
is the gas constant equal to 8.314 Jk™'mol™. The calculated AG® value is tabulated in Table 5. The
negative value of AG® gives an indication that the adsorption of CTPPB on C-steel surface is a
spontaneous process. As is already well established, values of AG®,4s up to -20 kJ/mol are consistent
with electrostatic interaction between the charged molecules and the charged metal surface (phsi-
sorption). Values of AG°,4s more negative than to -40 kJ/mol involving sharing or transfer of electrons
from the organic inhibiting species to the metal surface to form a metal bond [40, 41].

Table 5. The value of linear correlation coefficient, r?, adsorbabilty constant K,gs and free energy of
adsorption, AG® for CTPPB on C-steel surface in 0.5 M HCI, at 25°C.

r’ Kads, mol™ AG®, kJ/mol
0.9999 2.55x10° -46.5

3.6. Scanning electron micrographs (SEM):

Scanning electron micrographs for C-steel samples after immersion for a period of 30 min in
the corrosive solution in the absence and presence of 1x 10° M CTPPB are investigated. Fig 8(A&B)
represented micrographs for C-steel after immersion in (A) 0.5 M HCl and (B) 0.5 M HCI + 1 x 10°M
CTPPB. Investigation of the SEM micrographs taken in 0.5 M HCI solution in absence of inhibitor
explores that the surface C-steel sample was strongly attacked with deep cavities on surface
surrounded by corrosion products, (Fig 8A). Investigation of the morphology of SEM taken in
presence of CTPPB inhibitor, Fig (8B), shows that the surface of C-steel becomes coated by cracked
cover layer, compared with that of free acid [42]. This proves that the CTPPB inhibitor is adsorbed on
metal surface forming a thick protective layer at 1x10M inhibitor, hindering the corrosion process
[43].

On the other hand, Fig 9(A&B) and Table 6 show the SEM complementary EDS analysis of the
corrosion products formed on the steel electrode surface immersed in 0.5M HCI solution for 30 min in
absence, Fig 9A and in presence of 1 x 10° M of CTPPB, Fig 9B. Inspection of Fig 9(A&B)
and Table 6 indicates that the atomic percent of Fe in the scanned area (which is connected with steel
corrosion) decreases relatively in presence of the added organic additives CTPPB than in their absence.
This could be attributed to the effective action of the added CTPPB as an inhibitor for corrosion of
steel.
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Figure 8. Scanning electron micrographs, SEM for C-steel after immersion for 30 min in (A) 0.5 M

HCl and (B) 0.5 M HCI + 1x 10° M CTPPB, at 25 °C.
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Figure 9. EDS analysis of corrosion products formed on steel surface in: (A) 0.5 M HCl in (A) and (B)

0.5 M HCI + 1x10M CTPPB.

Table 6. Elemental analysis (% weight) of C-steel after immersion for 30 minutes in 0.5 M HCI with

and without 1 x 10 M of CTPPB.

(% Mass) Fe C @) Cl Al P
Blank 74.03 | 7.79 6.79 4.21 7.18 --
CTPPB 43.70 -- 24.67 | 2844 | 296 | 0.23
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3.7. Effect of temperature

The increase in temperature of the corrosive solution is considered to accelerate the destruction
of most of metals and metal-alloys. The effect of temperature on the rate of corrosion of C-steel in
solutions of 0.5 M HCI devoid of- and containing different concentrations CTPPB (1x10° to 1x10°M)

is studied by weight loss method.
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Figure 10. Variation of the corrosion rate of C- steel in 0.5M HCI solutions devoid of and containing

different concentrations of CTPPB.

Table 7. The values of the constants a and b of equation 15.

300 305 310
T, K

315 320

0.5M HCI + CTPPB a, ug cm” min™ b, ug cm™

Free 2.0x10™ -0.055
1x10° M 1.59x10™ -0.044
1x10° M 1.54x10™ -0.043
1x107" M 1.50x10™ -0.041
1x10° M 1.49x10™ -0.044
1x10° M 1.48x10™ -0.042
1x10™* M 1.18x10™ -0.034
1x10° M 0.94 x10™ -0.027

The corresponding corrosion rates calculated in the absence and presence of CTPPB are plotted
against temperature, as depicted in Fig 10. The data revealed that increasing the temperature increases
the rate of corrosion of C-steel surfaces. Straight-line relation is obtained satisfying the equation:

r=a+bT

where a and b are constants, Table 7. The constant b represents the rate of decrease in the corrosion

rate/unit decade of temperature.

(15)
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In addition, the dependence of the rate of corrosion on temperature can be expressed by
Arrhenius and transition state equations [26—28]:

log r = :._azaggr +log A (16)
r R AS. —AH,
T = —exp (=) exp () (17)

where r is the corrosion rate, AE, is the apparent activation energy, T is the absolute temperature, A is a
frequency factor, AH, is the apparent enthalpy of activation, AS, is the apparent entropy of activation, h
is Planck’s constant and N is the Avogadro's number, respectively.

The values of log r (in mg cm? min™) obtained at different temperatures, confirm linear
relation with 1/T, Fig 11. The slope of the obtained relation is used to calculate the Arrhenius
activation energy, AE,, in the absence and presence of inhibitor, Table 8. It is clear that the values of
AE, in the presence of inhibitor are higher than that obtained with free acid solution and become more
higher as the CTPPB concentration is increased. The increase in AE, values is suggested to the increase
in the energy barrier due to formation of a protective film that isolate the C-steel surface from the
corrosive acidic solution.

A plot of log (r/T) versus (1/T) gives straight lines, Fig 12, confirming equation 17, with a
slope equal to [-AH,/2.303R] and an intercept of [log (R/Nh) + AS,/2.303R]. The calculated values of
A Hj, and AS, are given in Table 8. The positive sign of enthalpy reflect the endothermic nature of steel
dissolution process meaning that the dissolution of steel is difficult under such conditions[42, 44]. As
can be seen from Table 8, the values of each of AE, and AH, take lower values with free acid solution
than that of inhibitive solutions. Moreover, the increase in the inhibitor concentration leads to an
increase in the value of AE,, indicating strong adsorption of the inhibitor molecules at the C-steel
surface. From the other point of view, the values of -AS,, Table 8, in presence of CTPPB inhibitor is
lower that that of free acid solution and it decreased more as the inhbitior concentration is increased.
This can be explained on the basis that, in the free acid solution, the transition state of the rate-
determining step represents a more order arrangement relative to the initial state. From the other point
of view, it indicated that disordering is decreased on going from reactant to activated complex
representing an association neither dissociation step [45].

Table 8. The values AE;, AH, and AS, for corrosion of C-steel in 0.5 M HCI without and with different
concentrations of CTPPB.

0.5 M HCIl + CTPPB AE,, kJ mol™ AH,, kJ mol™ -AS,, J mol™

Free 25.9 25.1 206
1x10° M 29.3 26.8 201
1x10° M 32.0 290.5 193
1x10" M 36.6 34.1 179
1x10° M 42.0 395 163
1x10° M 44.0 415 158
1x10* M 48.3 47.4 140
1x10° M 59.8 57.2 111




Int. J. Electrochem. Sci., Vol.

-1

min

-2

logr, mgcm

11, 2016 9279
20
[ ]
221 0.5M HCI + CTPPB
24 L
] Free
26 e 1x10°Mm
A 1x10%Mm
28| v 1x10'M
<4 1x10°m
-5
a0l > 1x10°M
* 1x10*Mm
32|
™ e 1x10°Mm
1 1 1 1 1 1

0.00320  0.00325

0.00330

0.00335
Tt k!t

0.00340

0.00345  0.00350

Figure 11. Arrhenius plots (log r vs. 1/T) for corrosion of C-steel in 0.5M HCI devoid of and
containing different concentrations of CTPPB.
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Figure 12. Transition-state plots (log r/T vs. 1/T) for corrosion of C-steel in 0.5M HCI devoid of and
containing different concentrations of CTPPB.

3.8. Inhibition mechanism

Discussion of the inhibition process by many surfactants through adsorption mechanism at the
metallic surface is described early [46, 47]. The adsorption process can be interpreted due to
interaction of free electrons located on hetero-atoms and/or that of m-bonds of C-H skeleton of
inhibitor molecule with empty d-orbitals of atoms on metal surface forming a protective film [48-50].
However, the inhibition process of CTPPB may be achieved by two ways. The first one could be
related to physico-sorption due to Van Der Waals force. The main hydrophilic part -"P(CgHs)sBr may
be directed to C-steel surface leaving the hydrophobic tail (—CyHs3) directed to the bulk of solution.
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From the other point of view, Halo-ions carried by ionic surfactant has an important controlling role in
adsorption process by shifting the zero charge potential positively, leaving the metallic surface
carrying negative charge [51]. In acid solution, the CTPPB can easily, become positively charged.
Electrostatic attraction between the positive charge of surfactant molecule and the negatively charged
C-steel surface easy to form a barrier film avoiding acid attack for C-steel surface. However, the
decrease in inhibition efficiencies at higher temperatures can be attributed to the desorption process
from metallic surface [52].

4. CONCLUSIONS

The corrosion rate of C-steel in 0.5 M HCI in presence of different concentrations of CTPPB is
examined by different chemical and electrochemical techniques. The study indicated that:

1. CTPPB acts as an effective inhibitor by forming energy barrier film on C-steel surface. It
behaves as a mixed-type inhibitor for C-steel in HCI.

2. Inhibition efficiency increases as the concentration of CTPPB is increased.

3. The adsorption of CTPPB on C-steel surface follows Langmuir model-type.

4. The increase in AE, values in presence of higher concetration of CTPPB is related the high
adsorption effect of the inhibitor on the metallic surface.

5. The adsorption of CTPPB on C-steel surface in HCI could be attributed to the chemisorption

type.
6. The value AG°,qs is -46.5 kJ/mol explain the spontaneous adsorption process with sharing or
transfer of electrons from the CTPPB species to chemical bond with metallic surface.
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