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INTRODUCTION

Nowadays most of the countries and their industries
concern for the development of corrosion control of metal and
alloy. Mostly aggressive acids (HCl, H2SO4) are employed for
acid pickling, chemical cleaning, ore separation and oil well
cleaning. During these processes, metallurgical properties of
metals are affected by means of corrosion [1]. To minimize the
corrosion, certain inorganic salts such as nitrates, phosphates,
chromates, molybdates, etc. and organic compounds containing
hetero-atoms with multiple bonds are used as effective inhib-
itors in acidic medium [2-7]. Currently, there is an increasing
quest for limiting field applications involving toxic compounds,
hence the search for greener alternatives by reformulating the
existing organic compounds or by developing safer products
[8-13].

Accordingly, the main goal of present work has been
proposed, to synthesize a piperidone derivative, t(3)-Methyl-
r(2),c(6)-diphenyl-piperidin-4-one (3MDPP) and to investigate
their influence on the corrosion inhibition of mild steel in 1 N
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HCl using quantitative (gravimetry) and qualitative (electro-
chemical) methods. At higher temperature, the stability and
corrosion inhibition performance of 3MDPP on mild steel in
1 N HCl are reformulating by the use of non-toxic green adhesive
such as natural gum exudates. A thorough survey of literature
reveals that no work has so far been done on the influence of
plant gum exudates such as Astragalus genus also known as
gum tragacanth powder (GTP) as natural synergist for corro-
sion inhibition behaviour of 3MDPP. Therefore, the synergistic
corrosion inhibition and thermodynamic adsorption behaviour
between 3MDPP and GTP for mild steel corrosion in 1 N HCl
medium was investigated using weight loss, potentiodynamic
polarization and electrochemical impedance spectroscopic
methods for 1 h immersion period at 303-323 K. The inhibitive
effect of GTP on mild steel in 1 N HCl at 303-323 K is also a
part of this investigation.

EXPERIMENTAL

Mild steel rectangular specimens (0.0460 wt.% C, 0.28
wt.% Mn, 0.019 wt.% P, 0.020 wt.% S, 0.006 wt.% Si and rest
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of iron) of dimension 2.5 cm × 1.0 cm × 0.1 cm was used for
the study. Different grades of emery sheets were used to polish
the mild steel surface and degreased with ethanol, air-dried at
30 ºC and stored in a moisture free desiccator. Laboratory grade
HCl was used as an aggressive medium. The commercially
available purified gum exudates of Astragalus genus (GTP)
was used for the present study. The gum was dissolved using
deionized water and used for electrochemical and non-
electrochemical studies. The 3MDPP was synthesized using
the reported procedure [14,15].

Gravimetric method: The gravimetric data were obtained
according to the ASTM methods [16]. The pre-cleaned samples
were weighed and immersed in 1 N HCl with and without,
various concentrations of 3MDPP, GTP and binary mixture
for 1 h at 303-323 K. After 1 h immersion, the mild steel plates
were taken out and treated with clark solution for 40 s, rinsed
with deionized water and followed by ethanol, dried in hot air
and then weighed. From the weight loss, the following para-
meters are calculated using equation eqns. 1-3:
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where W, ρ, A, t, Wo and Winh represents mass loss (g), density
of MS (g cm–3), area of the coupon (cm2), immersion time (h),
weight loss of mild steel without and with inhibitor, respectively.

Tafel’s polarization studies: The cell assembly consisting
of three electrodes namely saturated calomel electrode (reference
electrode) and platinum as counter electrode with the solution
capacity of 100 mL was used for electrochemical measurement.
A potential range of +200 mV to -200 mV with respect to the
OCP at a scan rate of 1 mV s-1 was fixed. From the plot of
potential versus log current, the corrosion potential (Ecorr) and
corrosion current density (icorr), Tafel slopes ba and bc were
obtained in the blank and inhibited solutions. From the meas-
ured icorr values, the inhibition efficiencies of inhibitors obtained
using eqn. 4:

o
corr corr

o
corr

i i
Inhibition efficiency (%) 100

i

 −= × 
 

(4)

where i°corr and icorr are the corrosion current density in absence
and presence of inhibitor.

Impedance studies: The impedance measurements were
done over the frequency range of 10 KHz to 0.01 Hz with AC
signal amplitude of 10 mV at the corrosion potential for 30
min of immersion at 30 ºC. The measurements were automati-
cally controlled by Zview software and the impedance diagrams
are given as Nyquist plots. From the Nyquist plots, charge
transfer resistance (Rct) and double layer capacitance (Cdl) were
calculated. The inhibition efficiency was calculated using eqn. 5:

o
ct ct

ct

R R
Inhibition efficiency (%) 100

R

 −= × 
 

(5)

where Rct and R°ct are the charge transfer resistance with and
without inhibitor.

RESULTS AND DISCUSSION

Gravimetric method

Effect of concentration of 3MDPP: t(3)-Methyl-r(2),
c(6)-diphenyl-piperidin-4-one (3MDPP) has been investigated
as inhibitor for mild steel corrosion in 1 N HCl using gravi-
metric method at 303-323 K for 1 h immersion period. The
corrosion parameters were derived from weight loss are shown
in Table-1, which revealed that 50, 250, 500, 750 ppm of 3MDPP
gives 44.82%, 58.39%, 76.79% and 82.04% efficiency, respec-
tively and inhibition efficiency increase with increase in the
concentration of 3MDPP and its efficiency attain saturation
when the concentration of 3MDPP increased further.

The increasing inhibition efficiency of 3MDPP may be
due to presence of carbonyl group and ring nitrogen [17-20].
A protective layer on the mild steel surface was formed due to
the interaction of 3MDPP with the mild steel surface. This
could occur either through carbonyl group or non-bonding
electrons of ring nitrogen. The interaction of 3MDPP with
mild steel surface not through both of them since the molecule
is in chair form and the groups are in para-position to each
other [21]. It is impossible for both groups to participate at once
because doing so would require achieving boat conformation,
which is extremely difficult. Also the less electronegativity of
nitrogen than oxygen favours ring nitrogen to be the inhibiting
site. The inhibition efficiency of 3MDPP decreases with rise
in temperature, which may be due to desorption of 3MDPP
and suggesting the physical adsorption of the 3MDPP on the
mild steel.

Effect of GTP concentration at 303-323 K: Gum exudates
of Astragalus genus (GTP) has been tested as green inhibitor
for mild steel corrosion in 1 N HCl medium for 1 h immersion
period at 303-323 K. From the weight loss data, the corrosion

TABLE-1 
CORROSION PARAMETERS FOR 3MDPP ON MILD STEEL IN 1 N HCl 

303 K 313 K 323 K Conc. 
(ppm) IE (%) CR (mmpy) θ IE (%) CR (mmpy) θ IE (%) CR (mmpy) θ 
Blank  0.0863   0.1560   0.2301  

50 44.82 0.0476 0.4482 25.36 0.1164 0.2536 30.18 0.1607 0.3018 
250 58.39 0.0359 0.5839 50.57 0.0771 0.5057 51.70 0.1111 0.5170 
500 76.79 0.0200 0.7679 64.86 0.0548 0.6486 67.96 0.0737 0.6796 
750 82.04 0.0155 0.8204 77.95 0.0344 0.7795 81.43 0.0427 0.8143 
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parameters were derived and presented in Table-2. The data
analysis clearly shows that the inhibition efficiency improves
with increase in concentrations of GTP from 10 ppm to 100
ppm and maximum efficiency was achieved at 100 ppm of GTP
(52.01%).

The GTP is mixture of polysaccharides of high molecular
weight carbohydrate biopolymer and also it consists of trace
amount of proteins in its composition. These carbohydrate bio-
polymers undergoes hydrolysis in the testing solution (1 N HCl)
and produce monomers of carbohydrates units such as (D)-
galacturonic acid, (D)-galactose, (L)-fucose, (D)-xylose, (L)-
arabinose, (L)-rhamnose, etc. These molecules are electro-
chemically active and interact with the mild steel surface
through their labile electrons resulting in the formation of a
superamolecular structure. Due to polymeric nature and very
good adhesive property of GTP, the formed superamolecular
complexes on mild steel are stable and rapidly occupy greater
surface area on mild steel resulting in enhanced inhibition
efficiency. But the inhibition efficiency of GTP slightly decre-
ases by increasing the temperature from 303-313 K. But the
inhibition efficiency is only slightly altered at 323 K. This
indicates the physical adsorption nature.

Synergistic influence of GTP on 3MDPP: The synergistic
corrosion inhibition is an effective means of improving the
inhibition nature and decreasing the amount of usage of inhi-
bitors [22-24]. The synergistic influence of optimum concen-
tration of 20 ppm of GTP on the corrosion inhibition behaviour
of various concentrations (50, 250, 500, 750 ppm) of 3MDPP
towards mild steel corrosion in 1 N HCl medium has been
investigated using gravimetric method at 303 K for 1 h immer-
sion period. The result of weight loss of mild steel with and
without binary mixture in 1 N HCl were used to evaluated their
corrosion kinetic and synergistic parameters. Table-3 revealed
that the corrosion protection efficiency of various concentra-
tions of 3MDPP (50, 250, 500, 750 ppm) together with 20 ppm
of GTP on mild steel in 1 N HCl are significantly enhanced
greater percentage than individual components. Also their
corrosion rate significantly very less for this combination of

binary mixture system. This is mainly due to the synergism
existing between 3MDPP and GTP.

The reason can be explained as initially 3MDPP present
in the binary mixture acted as effective nucleophile [25] and it
is rapidly adsorbed on the mild steel surface through strong
force of electrostatic interactions existing with Fe2+ ions of
mild steel surface and labile electrons of ring nitrogen atom
of 3MDPP. This adsorbed 3MDPP molecules act as inter-
mediate bridge between mild steel surface and GTP. If the
medium is non-aqueous, 3MDPP will form a strong bond with
Fe2+ but in aqueous medium water molecules are competing
with 3MDPP to form coordinate type bond [25,26]. Hence,
the inhibition efficiency is only 45% at room temperature. But
in presence of GTP, a strong intermolecular hydrogen bonding
is formed between the ring carbonyl oxygen atom of adsorbed
3MDPP molecule (lying para to ring nitrogen atom) and hydro-
lyzed monomeric units of –OH or –COOH or –NH2 groups of
GTP and prevents the outward moment (desorption) of 3MDPP
from the mild steel surface. This type of interaction between
adsorbed 3MDPP and monomers of GTP enhance the stability
of mild steel in aggressive medium through stabilization of
positive charge of mild steel surface in 1 N HCl. The effect of
temperature on the inhibition efficiency of binary inhibitor is
evaluated by performing the weight loss experiments at 313
and 323 K (Table-3). The inhibition efficiency of various con-
centrations of 3MDPP with 20 ppm of GTP is slightly decreases
with increase in temperature. Compared to individual components
the rate of dissolution of mild steel is also very less at higher
temperature. This may be due to hydrolyzing ability of GTP
in 1 N HCl. At higher temperature, the more number of carbo-
hydrates and proteins monomers are produced in the tested
solution, resulting in the enhancement of the thickness of
adsorbed protective layer to a greater percentage on mild steel
surface. Table-3 clearly reveals that the inhibition efficiency
given by 750 ppm of 3MDPP along with 20 ppm of GTP is
around 91.24% and stable up to 313 K. This is again due to
intermolecular hydrogen bond formation between 3MDPP and
GTP, which becomes stable at higher temperature. The gum

TABLE-2 
CORROSION PARAMETERS FOR GTP ON MILD STEEL IN 1 N HCl 

303 K 313 K 323 K Conc. 
(ppm) IE (%) CR (mmpy) θ IE (%) CR (mmpy) θ IE (%) CR (mmpy) θ 
Blank  0.0863   0.1560   0.2301  

10 39.56 0.0522 0.3956 32.88 0.1047 0.3288 26.07 0.1701 0.2607 
20 53.58 0.0401 0.5358 46.45 0.0835 0.4645 27.38 0.1671 0.2738 
40 60.15 0.0344 0.6015 49.60 0.0786 0.4960 45.78 0.1248 0.4578 
100 64.09 0.0310 0.6409 61.23 0.0605 0.6123 47.26 0.1214 0.4726 

 

TABLE-3 
CORROSION PARAMETERS FOR BINARY MIXTURE ON MILD STEEL IN 1 N HCl 

303 K 313 K 323 K Conc. 
(ppm) IE (%) CR (mmpy) Sθ IE (%) CR (mmpy) Sθ IE (%) CR (mmpy) Sθ 
Blank  0.0863   0.1560   0.2301  

50 69.78 0.0261 1.42 62.44 0.0586 1.15 49.23 0.1168 1.17 
250 79.42 0.0178 1.42 82.79 0.0268 1.17 73.71 0.0605 1.07 
500 84.23 0.0136 1.55 86.67 0.0208 1.29 83.41 0.0382 1.14 
750 91.24 0.0076 1.49 90.06 0.0155 1.39 87.84 0.0280 1.24 
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molecules prevent desorption of 3MDPP molecules from the
mild steel surface by forming a protective film and hence excel-
lent corrosion protection efficiency. The value of synergistic
parameter (Sè) was evaluated using the relationship given by
Aramaki et al. [27] reveals that the synergistic parameter values
were > 1 for all the studied concentrations indicating the pro-
nounced inhibition efficiency resulting from the addition of
GTP to 3MDPP. This may be due to attractive force between
GTP and 3MDPP on the mild steel surface.

Thermodynamic and kinetic analysis: The corrosion
rate of mild steel in 1 N HCl medium is related to temperature
and is represented by Arrhenius equation (eqn. 6):

*
aE

logCR log A
2.303RT

= − (6)

where CR is the corrosion rate, A is the frequency factor, Ea is
the apparent activation energy, R is the universal gas constant
and T is the absolute temperature. The plots between log CR
and inverse of temperature (1000/T) gave a perfect straight
line (Fig. 1). From the slope, the values of Ea can be calculated.
The values of ∆H* and ∆S* are calculated using the transition
state equation (eqn. 7):

* *RT S H
CR exp exp

Nh R RT

   ∆ −∆ =     
     

(7)

where N is the Avogadro number, h is the Planck constant,
∆S* is the entropy of activation and ∆H* is the Enthalpy of
activation. Fig. 2 represents the plot of log (CR/T) vs. (1000/T)
gave straight line with slope (-∆H*/2.303R) and intercept [log
(R/Nh) + (∆S*/2.303R)], from which ∆H* and ∆S* are calcu-
lated.

It is evident from Table-4 that the apparent activation
energy (Ea) increased in inhibited solution when compared to
the uninhibited solutions. This shows that a strong inhibitive
action of inhibitors by increasing energy barrier for the corro-
sion process and it reveals that mode interaction between the
mild steel surface and inhibitor molecules should be physical
(electrostatic attraction) adsorption process. In general the

TABLE-4 
ACTIVATION PARAMETERS FOR 3MDPP, GTP AND  

BINARY MIXTURE ON MILD STEEL IN 1 N HCl 

Inhibitor Conc. 
(ppm) 

Ea
*  

(kJ mol-1) 
∆H*  

(kJ mol-1) 
-∆S*  

(J mol-1) 
Blank 39.97 37.37 141.89 

10 48.17 45.57 119.01 
20 58.10 55.50 88.67 
40 52.56 49.96 107.79 

GTP 

100 55.50 52.90 99.48 
50 49.72 47.12 114.19 
250 46.14 43.54 128.58 
500 53.31 50.71 109.34 

3MDPP 

750 41.50 38.90 150.62 
50 61.05 58.45 82.40 
250 49.67 47.07 123.84 
500 41.90 39.29 151.43 

Binary 
mixture 

750 53.29 50.69 118.30 
 

higher value of Ea in the presence of inhibitors as compared
to blank solution indicates physical adsorption whereas
unchanged or lower value of Ea for inhibitor compared to blank
indicates chemisorption mechanism [28]. The value of ∆H* is
higher in presence of inhibitors compared to blank suggests
that there is an increasing energy barrier for the corrosion
process of mild steel surface and it supports the physical mode
of adsorption process. The positive value of ∆H* in with and
without presence and absence of inhibitor reflects the endo-
thermic nature of mild steel dissolution process. The negative
values of ∆S*and its shift towards more negative in inhibited
solution compared to blank suggests that activation complex
in the rate determining step is due to association rather than
dissociation. This implies that disorderness decreases when
going from reactant to the activated state.

Adsorption isotherm: Both corrosion inhibition
performance of 3MDPP, GTP and synergistic inhibition of GTP
with 3MDPP (binary mixture) on mild steel in 1 N HCl can be
described by the adsorption of the molecules on the surface of
mild steel and it is directly proportional to the fraction of the
surface covered by the adsorbed molecule (θ). Therefore, the
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adsorption isotherm describes the relationship between the
coverage of interface with the adsorbed species and the concen-
tration of species in solution. The surface coverage value (θ)
at different concentrations of 3MDPP, GTP and binary mixture
in 1 N HCl was tried to fit to various adsorption isotherms (Henry,
Frendlich, Langmuir, Frumkin and Temkin isotherms). The
regression coefficients (R2) were used to confirm the best fit.
The adsorption of studied inhibitor system on mild steel obeys
Langmuir isotherm and it is represented as (eqn. 8):

inh
inh

ads

C 1
C

K
= +

θ (8)

where, Kads is the equilibrium constant. The ∆G°ads was
calculated from eqn. 9:

2

o
ads

H O

G
K logC

2.303RT

 ∆= − −  
 

(9)

The Langmuir’s plot (Fig. 3) for tested inhibitor systems
gave a straight line which indicates the monolayer adsorption.
From the intercept of the plot, the values of Kads were obtained
which is used to calculate the values of ∆G°ads (Table-5). In
general, the values of ∆G°ads of the order of -20 kJ mol-1 or
lower indicate a physisorption while those more negative than
-40 kJ mol-1 involve sharing or transfer of electrons from the
inhibitor molecules to the metal surface to form a coordinate
type of bond [29]. It is clear from the Table-5 that the calculated
∆G°ads values are in the range between -14.37 and -16.05 kJ
mol-1 for 3MDPP and between -19.56 and -21.99 kJ mol-1 for
GTP. The ∆G°ads value for binary mixture in the range of -17.24
and -18. 91 kJ mol-1. These results proved that 3MDPP and
GTP adsorption on the mild steel surface is a physisorption
process; however, in the binary mixing system, 3MDPP and
GTP create a strong layer on the mild steel surface.

Electrochemical methods

Tafel’s polarization studies: The corrosion inhibition
properties of 3MDPP, GTP and the synergistic effect between
GTP and 3MDPP on mild steel in 1 N HCl understand with
the help of polarization studies. Inhibitors are able to change
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Fig. 3. Langmuir isotherms plots for 3MDPP, GTP and binary mixture on mild steel in HCl

TABLE-5 
ADSORPTION PARAMETERS FOR 3MDPP, GTP  

AND BINARY MIXTURE ON MILD STEEL IN 1 N HCl 

Inhibitor Temp. (K) Intercept K (mol-1) -∆G°ads  
(kJ mol-1) 

303 0.0090 111.0834 21.99 
313 0.0163 61.2945 20.49 GTP 
323 0.0236 42.3287 19.56 
303 0.0950 10.5233 16.05 
313 0.1849 5.4088 14.37 3MDPP 
323 0.1647 6.0704 14.66 
303 0.0344 29.0333 18.61 
313 0.0305 32.7473 18.91 

Binary 
mixture 

323 0.0592 16.8973 17.24 
 

the anodic process or the cathodic process or both resulting in
the decreased rate of the corrosion process. Fig. 4 shows the
Tafel polarization curves for mild steel carried in 1 N HCl in
the presence and absence of optimum concentration of 3MDPP,
GTP and binary mixture at room temperature. The polarization
parameters icorr, Ecorr, Tafel slopes (ba and bc) were caluculated
and presented in Table-6. It is evident from Fig. 4 that all studied
inhibitors were found to block the electrochemical processes
on mild steel undergoing corrosion. It decreases both the anodic
and cathodic reaction rates by lowering the corrosion current
densities on both sides of the Tafel polarization curve in the
potential region studied and hence decreases the corrosion rate.
Moreover, the icorr values gradually decreases by the addition
of 3MDPP, GTP and binary mixture. The icorr value is signi-
ficantly less for the binary inhibitors system and there is no
remarkable change in Ecorr and Tafel slopes values were observed.
Generally, the change observed in the Tafel’s plots in the
presence of inhibitors is used as criteria to categorize inhibitors
as cathodic, anodic or mixed types [30]. Therefore, the studied
inhibitors are functioning by mixed type inhibition mechanism,
predominantly controlled by anodic reaction. This means that
3MDPP, GTP and binary mixture have significant effects on
retarding both anodic dissolution of mild steel and inhibiting
the cathodic hydrogen evolution. The icorr values obtained from
the Tafel’s plots were also used to determine inhibition efficiency

TABLE-6 
POLARIZATION PARAMETERS FOR 3MDPP, GTP AND BINARY MIXTURE ON MILD STEEL IN 1 N HCl 

Concentration icorr (mV/cm-2) × 10-4 Ecorr  (mV/SCE) ba (mV/dec) bc (mV/dec) IE (%) 
Blank 5.65 -0.4653 0.080 0.134  
50 ppm 3MDPP 3.78 -0.4668 0.073 0.138 33.09 
20 ppm GTP 3.58 -0.4523 0.072 0.129 36.63 
50 ppm 3MDPP + 20 ppm GTP 2.59 -0.4571 0.068 0.129 54.15 
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Fig. 4. Tafel’s curves for 3MDPP, GTP and binary mixture on mild steel in
1 N HCl

(Table-6). The percentages of inhibition efficiency obtained
are analogous with weight loss method. But some deviation
could be attributed to the fact that in polarization studies, imme-
diate corrosion current is measured whereas in weight loss
experiments the efficiency was calculated after 1 h immersion
period.

Impedance studies: The nature of inhibition process of
3MDPP, GTP and synergistic effect between GTP and 3MDPP
were also studied by electrochemical impedance spectroscopy
technique. The value of Rct is a measure of electron transfer
across the surface and inversely proportional to corrosion rate.
The value of Rct increases and Cdl value decreases when the
protective film formed on the surface of mild steel. Impedance
measurements in the Nyquist format (Fig. 5) for mild steel in
1 N HCl in absence and presence of optimum concentrations
of 3MDPP, GTP and binary mixture are presented in Table-7.
The sudden decrease in Cdl value for the binary mixture may
be attributed to the decrease in local dielectric constant and/or
an increase in the thickness of the electric double layer. A
decrease in Cdl value may also due to the maximum increase
in the adsorption inhibitor molecules, which resulted in  the
enhancement of the inhibition potency. Gradual replacement
of water molecules by the adsorption of 3MDPP, GTP and its
mixture on the mild steel surface reduce the rate of dissolution
of mild steel and consequently, it causes a decrease in Cdl values.
Using the Rct values, the inhibition efficiency were determined
and presented in Table-7. The inhibition efficiency obtained
by this method was in good agreement with weight loss data.

Conclusion

In summary, the behaviour of t(3)-Methyl-r(2),c(6)-diphenyl-
piperidin-4-one (3MDPP) and gum exudates of Astragalus genus
(GTP) on mild steel were acted as good corrosion inhibitor
for the mild steel corrosion in 1 N HCl were studied. It was
found their inhibition efficiency increases with increasing the
concentrations of both 3MDPP and GTP and decreases with
rise in temperature. Moreover, the binary mixture shows a good
efficiency and surface coverage to a greater percentage  than

0 4 8 12 16 20 24 28 32 36 40
0

5

10

15

20

z"

z'

 Blank
 20 ppm GTP
 50 ppm 3MDPP
 20 ppm GTP + 50 ppm 3MDPP 

Fig. 5. Nyquist plots for 3MDPP, GTP and binary mixture on mild steel in
1 N HCl

TABLE-7 
IMPEDANCE PARAMETERS FOR 3MDPP, GTP AND  

BINARY MIXTURE ON MILD STEEL IN 1 N HCl 

Concentration Rct (Ω 
cm-2) 

Cdl (µF 
cm-2) 

IE (%) 

Blank 14.80 0.0016447 – 
50 ppm 3MDPP 26.02 0.0005782 43.12 
20 ppm GTP 20.92 0.0008789 29.25 
50 ppm 3MDPP + 20 ppm GTP 28.83 0.0004678 48.66 
 

when the inhibitors present alone. The calculated values of Ea,
∆H* and ∆G°ads for 3MDPP, GTP and binary inhibitors systems
conclude a physisorption mechanism and it obeys Langmuir’s
adsorption isotherm, whereas the Tafel’s polarization study
reveals that tested inhibitors act as mixed type. Furthermore,
the impedance measurements confirmed that a protective film
was formed on the mild steel surface in the presence of 3MDPP,
GTP and binary mixture.
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