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Abstract

The corrosion inhibition of L-Glutamic acid for stainless steel in HCI solution has been calculated by weight loss study.

It is found that the in-

hibition efficiency of L-Glutamic acid (LG) increases with increase in the concentration. The inhibition efficiency of LG decreases with increase in the

temperature. Three adsorption isotherms are tested; out of which the El-Awady et al adsorption isotherm model fits well. The free energy of adsorption

(AG®.4) suggests that adsorption is a spontaneous physisorption process. SEM and EDX confirm the formation of protective film on the stainless steel

surface. The quantum chemical parameters show a good correlation between the experimentally calculated inhibition efficiency and theoretical inhibition

efficiency.
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1.INTRODUCTION

orrosion is the destruction of metal by the chemical at-

tack. It is a constant and incessant problem, often difficult
to eliminate entirely. But prevention would be more practical
and doable than complete elimination [1,2]. The addition of an
inhibitor is necessary to prevent corrosion i.e. to reduce the
dissolution of metals in these acidic environments [3,4]. Cor-
rosion inhibitors play a vital role in corrosion deterrence in
many industries. Inhibitors are substance which when added
in small quantity to a corrosive environment, lower the corro-
sion rate.
In the present study L-Glutamic acid is used as an inhibitor to
prevent the corrosion of stainless steel in acidic medium. Glu-
tamic acid is often used as a food additives and flavour en-
hancer in the form of its salt, known as monosodium gluta-
mate (MSG).Glutamate also plays an important role in the

body's disposal of excess or waste nitrogen. L-glutamic acid

has amino group (-NHz2) and carboxyl group (-COOH). These
groups can coordinate with metal through the nitrogen atom
of amino group and oxygen atom of the carboxyl group to
reduce the corrosion [5,6]. The aim of this work is to study the
effectiveness of L-Glutamic acid as a corrosion inhibitor for

stainless steel in 1.0 M HCI solution.

2. MATERIALS AND METHODS

2.1 Preparation of the stainless steel specimens

The composition of the stainless steel is as follows
0.12% of C, 1.00% of Si, 1.00% of Mn, 16.00% of Cr, 0.75% of
Ni, 0.04% 0f P, 0.03% of S and balance Fe. Stainless steel spe-
cimens of the dimensions 4.5 cmx1.5 cmx0.04 cm and contain-

ing a small hole of about 2mm diameter near the upper edge
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are taken. Specimens are polished to mirror finish, degreased

with acetone and used for mass-loss and surface analysis.

2.2 Mass-loss Method

A rectangular stainless steel specimen of area 4.5 cm x 1.5 cm
x 0.04 cm having a small hole of about 2 mm diameter near
one end is used. The specimen of the metal is polished using
different grades of emery papers to give a mirror like finish. It
is degreased by immersion in acetone, washed with distilled
water and dried. All the weighing of the stainless steel speci-
mens are carried out using Shimadzu Ay 220 model electronic
digital balance with sensitivity of 0.1 mg in 220g range. The
weighed specimens are suspended by glass hooks in 100 mL
beaker containing 100 mL of various test solutions. After 1
hour of immersion, the specimens are taken out, washed in
water dried and weighed. From the weight loss data, corro-
sion rates and percent inhibition efficiencies (IE %) are calcu-

lated.

2.3 Surface Morphology analysis Scanning Electron

Microscopy

The stainless steel specimen is cut in to small pieces
with a dimension of 2cmxlcmx0.04cm. The pieces are sus-
pended in the best concentration of the inhibitor for 1 hour
and then the samples are dried. This is mounted directly on
the specimen metal disc using adhesive tape.

Samples are

scanned at various scan areas using VEGA3TESCAN scanning

electron microscope. Digital images are stored in computer

and processed.

2.4 Energy Dispersive X-ray analysis

VEGA3TESCAN scanning electron microscope con-
nected with energy dispersive X-ray analyser is used to de-
termine the elements present on the metal surface. The stain-
less steel specimens of dimension 2cmx1cmx0.04cm are sus-
pended in the best concentration of the inhibitor for 1 hour
and then removed and dried and used for the analysis. From
the peak intensity, percentage compositions of the elements

are determined.

3. Results and Discussion

3.1 Weight loss method

Corrosion rates (CR) of the stainless steel immersed in 1 M
HCI at various temperatures in the presence and absence of
various concentrations of L-Glutamic acid (LG) and the inhibi-
tion efficiencies (IE) using mass loss method are calculated

and the results are given in Table 3.1.

Table 3.1
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The percentage inhibition efficiency and corrosion rate of
corrosion of stainless steel in 1 M HCl by L-Glutamic acid
(LG) at 303, 313 and 323 K by weight loss method

Corrosion Rate x 102 % Inhibition
[LG] gem?h? o Efficiency
mM

303K 313K | 323K | 300 [33| %23 | 3031 313|323
0 |4.795|8.333|18.636 | - - - - - -
0.68 | 2.334 - - 0.51| - - 51 - -
14 | 2.188 - - 054 - - 54 - -
2.0 | 2.151 - - 0.55| - - 55 - -
2.7 |2.078 - - 0.56| - - 56 - -
3.4 | 1932 - - 0.59| - - 59 - -
4.0 | 1.932 | 6.831 | 16.137 {0.59(0.18 0.13 | 59 | 18 | 13
4.7 | 1.896 | 6.291 | 14.902 {0.60[0.24| 0.20 | 60 | 24 | 20
54 | 1.853 | 6.198 | 14.332 {0.61]0.25| 0.23 | 61 | 25 | 23
6.1 | 1.750 | 5.315 | 13.347 |0.63|0.36| 0.28 | 63 | 36 | 28
6.8 | 1.714 | 4.723 | 12.800 [0.64|0.43| 0.31 | 64 | 43 | 31

The results show that the corrosion rate decreases on the addi-
tion of LG. This may be due to the adsorption of LG on the
surface of the stainless steel through the interaction of N and
O atoms present in LG with the stainless steel surface. Corro-
sion inhibition is strengthened with increase in the concentra-
tion of inhibitors. This trend results from the increased ad-
sorption of LG on the surface of the metal. As a result the
metal surface is effectively separated from the acid medium.
Inhibition efficiency is found to decrease with increase in ex-
perimental temperature. This is an indication that at higher
temperatures there might be desorption of LG from stainless
steel surface. Decrease in inhibition efficiency with increase in

temperature is an indication that the adsorption of LG on

stainless steel surface is physical in nature [7-11].

3.2 Study of Kinetic and Thermodynamic Parameters on the
Corrosion process

The relation between the corrosion rates (CR) and temperature

(T) is expressed by the Arrhenius equation [12].

A plot of log of corrosion rate versus 1/T gives straight line
and is shown in Figure 3.1. A plot of log (CR/T) versus 1/T
gives straight line and is shown in Figure 3.2. The values of
apparent activation energy (E.), AH, AS" and AG" obtained
from Arrhenius plot and transition state theory plot are given

in Table 3.2.

Figure 3.1

Arrhenius plot for stainless steel corrosion in 1 M HCl in the
absence and presence of different concentrations of LG
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Figure 3.2

Transition state plot for stainless steel corrosion in 1 M HCl

in the absence and presence of different concentrations of

LG
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Table 3.2

Activation parameters of LG in 1 M HCl
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* -1
] A | AG* (k] mol)
[LG] : 13] .
mM (i mol- (J mol
mol”) | 7 1KY | 303 | 313 | 323
K K K
Blank | 35.65 | 33.95 | -159.44 | 82.26 | 83.85 | 85.45
4.7 56.10 | 54.38 | -99.66 | 84.58 | 85.57 | 86.24
5.4 55.76 | 54.05 | -100.95 | 84.64 | 85.65 | 86.66
6.1 5486 | 53.15 | -104.55 | 84.83 | 85.87 | 86.92
6.7 53.78 | 52.08 | -108.39 | 84.92 | 86.01 | 87.08

Comparison of the activation energies at various concentration
shows that the activation energy of the corrosion process in-
creases on the addition of LG. The higher value of activation
energy clearly reveals that the corrosion process is inhibited

by the addition of inhibitor.

Experimental corrosion rate values evaluated from the weight
loss data for stainless steel in 1 M HCI in the absence and
presence of LG is used to determine the enthalpy of activation
(AH") and apparent entropy of activation (AS") for the forma-
tion of the activated complex in the transition state using abso-

lute reaction rate theory [13, 14]

The positive value of enthalpy of activation (AH") in the ab-
sence and presence of various concentration of inhibitor re-
flects the endothermic stainless steel dissolution process. In-
crease in the AH" value with respect to the blank implies that
the dissolution of stainless steel is difficult in the presence of
inhibitor [15]. The value of AH" is greater in the presence of
the inhibitor than in the absence of inhibitor. This may be at-

tributed to the higher energy barrier of the reaction, which

leads to rise in enthalpy of the corrosion process.

Entropy of activation of the corrosion process in free acid solu-
tion shows a large negative value. This implies that the transi-
tion state represents more orderly arrangement compared to

the reactants.

The change in activation free energy (AG") of the corrosion
process can be calculated at each temperature by applying the

equation

AG" = AH-TAS (1)

The increase in the AG" value compared to the blank reveals
that the formation of the activated corrosion complex becomes
more difficult on the addition of inhibitor compared to the
absence of inhibitor and hence the rate of corrosion decreases

[16].

3.3 Adsorption isotherm

The effect of inhibitor concentration on the corrosion rate is
quantified, generally, by fitting the surface coverage data, 0 to
equilibrium adsorption expressions, known as adsorption iso-

therm [17].

Adsorption isotherms provide important clues regarding the
nature of metal- inhibitor interaction. In an effective adsorp-
tion of an inhibitor on metal surface, the force of interaction
between metal and inhibitor is greater than the interactive

force existing between metal surface and water molecules [18].

The adsorption of an organic adsorbate on to the metal solu-
tion interface is represented as a substitution process [19] be-
tween the organic molecules in the aqueous solution, Orgso
and the water molecules bound to the metallic surface,

H>Oaas),

Orgsoy +n H2O@ds) — Orgads)+ nH20 o)
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where Orgesoy and Orgas) are the organic molecules
in the aqueous solution and adsorbed on the metallic surface,
respectively, H2Owas) is the water molecules on the metallic
surface and n is the size ratio representing the number of wa-
ter molecules replaced from the metal surface by one molecule
of organic adsorbent. When the equilibrium of the process
described in this equation is reached, it is possible to obtain

different expressions of the adsorption isotherm plot [20].

The inhibition of stainless steel corrosion in presence of vari-
ous concentrations of LG has been attributed to their adsorp-
tion on the stainless steel surface, which is confirmed from the
fit of the experimental data to various adsorption isotherms
[21].

The O values for different concentrations of inhibitors in 1 M
HCI have been evaluated. The degree of surface coverage is
found to increases with the increase in the concentration of the
inhibitors and decreases as the temperature is raised from 303
K to 323K. The data are fitted graphically to various adsorp-
tion isotherms such as the Langmuir, the Flory- Huggins and

El- Awady et al.

3.3.1 Langmuir adsorption isotherm

In Langmuir adsorption isotherm, the surface coverage 0 is

related with the inhibitor concentration C.

C/0 is plotted against C at temperatures 303, 313 and 323 K

and is shown in Figure 3.3.

Although the Langmuir plot is linear at room temperature
with R? value closer to unity it does not obey Langmuir ad-
sorption isotherm at higher temperatures which is evident

from the negative slope value at higher temperatures [22, 23].

3.3.2 EI-Awady et al adsorption isotherm

In El-Awady’s adsorption isotherm, log (6/1-6) is plot-

ted against log C and is shown in Figure 3.4. The adsorption
parameters calculated from the El-Awady et al adsorption iso-
therm at three different temperatures are given in the Table
3.3. The R?values at all temperatures are close to unity. Kadas =
KW, Kags is the equilibrium constant of the adsorption process
and 1/y represents the number of active sites of the metal sur-
face occupied by one molecule of LG. The values of 1/y and
Kaas are calculated from the El-Awady et al model. The values
of 1/y obtained are more than unity, indicating that the inhibi-
tor LG is attached to more than one active site on the stainless
steel surface [24]. However at higher temperatures 1/y is less
than one. This clearly shows that at higher temperature de-

sorption process occurs predominantly [25].

3.3.3 Flory-Huggins adsorption isotherm

The Flory-Huggins adsorption isotherm relates size parameter

x and 0.

The plot of log(1-0) versus log 0/C for the corrosion of stain-
less steel in 1 M HCI containing different concentrations of LG
at various temperatures are shown in Figure 3.5. The Flory-
Huggins adsorption isotherm parameters are calculated and

the values are given in the Table 3.4.

The result shows that values for x are more than unity at 303
K, indicating that each molecule of inhibitor is attached to
more than one active site on stainless steel surface [26-28]. At
303 K this isotherm fits well, but at higher temperature this is
not the best fit. The R? value is 0.916 at 303K. Thus the ad-
sorption process is best explained by El-Awady et al adsorp-

tion isotherm.

The decrease in Kaas value with increase in temperatures in the
El-Awady et al adsorption isotherm suggests that the inhibi-
tors are physically adsorbed on the metal surface.The free

energy of adsorption for the corrosion process in the absence

IJSER © 2016
http://www.ijser.org


http://www.ijser.org/

International Journal of Scientific & Engineering Research, Volume 7, Issue 8, August-2016 123

ISSN 2229-5518

and presence of inhibitor are evaluated from the following

equation

AGas= -2.303 RT log (55.55%K ads) ..(3)

where AGPqs is Gibbs free energy of adsorption process, T is
the temperature in Kelvin and Kaas is the equilibrium constant
for the adsorption process and 55.55 is the molar concentration
of water in solution. From the Kads value obtained from El-
Awady et al adsorption isotherm AGUas is calculated. The
negative value of AGas indicates that the adsorption process
is spontaneous. Decrease in the value of Kads at various tem-
peratures implies physical adsorption. The AGass value which

is closer to —20 kJmol suggests that it is physical adsorption.

Assuming the thermodynamic model, corrosion inhibition of
stainless steel in the presence of LG can be better explained
using the enthalpy of adsorption (AH4s) and entropy of ad-
sorption (AS%ads) which can be calculated from the integrated

van't Hoff equation [29]

To calculate the enthalpy of adsorption (AHa4s) and entropy of
adsorption (AS%as), the InKads is plotted against 1/T (Figure
3.6a) and a straight line is obtained with a slope equal to

(AH4s/R) and intercept equal to( AS%aas/R+ In 1/55.55).

The enthalpy of adsorption can also be calculated from the

Gibbs-Helmholtz equation [30]

The variation of AGPads/T versus 1/T gives a straight line with a
slope equal to AHas (Figure 3.6b). It can be seen from the

figure that the value of AG4s/T decreases with 1/T linearly.

The calculated values of the heat of adsorption and entropy of
adsorption using van't Hoff equation and Gibbs-Helmholtz

equations are given in Table 3.5.

The negative value of the AH%uas indicates that the adsorption

of LG molecules is an exothermic process. If the value of
AH0%as is less than or around -40 kJmol the adsorption process
is physisorption while if the value is more than -100 k] mol*
the adsorption of inhibitor follows chemisorption process [30].
According to El-Awady et al. adsorption isotherm the value is
around -98 kJmol!. The molecules are adsorbed on metal sur-
face by both physical and chemical adsorption. The negative
value of AS%as indicates that the adsorption phenomenon is a

spontaneous process [31].

Figure 3.3

Langmuir adsorption isotherm plot for corrosion of stainless
steel in 1 M HCl containing different concentrations of LG
at 303, 313 and 323K

o

Figure 3.4

El-Awady et al adsorption isotherm plot for corrosion of
stainless steel in 1 M HCI containing different concentra-

tions of LG at 303, 313 and 323K
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Table 3.3

Adsorption parameters calculated from El-Awady et al
adsorption isotherm for LG
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and 1/T from El-Awady et al adsorption isotherm
AGOEldS
Inhibitor R? 1y Kaas M1 k] .
mol~! B . “
i
303K | 0.938 | 4.464 1447 -28.46 =3 ¢
;
1]
LG | 313K |099% | 0579 | 850 -28.01 295 3 305 3 a5 32 3 1
1T= 100 KE
323K | 0.998 | 0.417 26 -19.55 (@)
Figure 3.5 0
205 3 3.05 31 315 32 325 32 335
0.02
Flory Huggins adsorption isotherm for corrosion of stainless 2o0a
steel in 1 M HCI containing different concentrations of LG at _E
303,313 and 323 K 206 .
'gﬁ.os -—
* s
0.1
LG
5 £.12 1T= 107K
H: (b)
g 35
2 & 3
E,, - 2-'; m323K Table 3.5
N . 4313K
" #303K Heat of adsorption and entropy of adsorption values calcu-
0 lated from different thermodynamic equations
05 0.4 0.3 0.2 0.1 0 0.1
log(1-8)
Table 3.4 Different thermodynamic eq- AHO%4s ASCaqs
uations (kJ mol?) (J mol* K1)
Adsorption parameters calculated from Flory-Huggins
adsorption isotherm for LG
van t Hoff Equ- | El-Awady et -98.60 3004
Kads AGOas ation al
Inhibitor R? X k]
M- mol~
Gibbs- El-Awady et
Helmholtz Equ- | al -98
LG | 303K | 0916 | 5327 | 64 | -14.79 ation
Figure 3.6

3.4 Scanning Electron Microscopy analysis

a) The relation between InKaas and 1/T from El-Awady et al
adsorption isotherm b) The relationship between AGPaas/T
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Scanning electron microscopy photographs obtained for stain-
less steel surface after immersion in 1 M solution for 1 hour in
the absence and presence of 6 mM LG are shown in Figure 3.7.
The stainless steel surface is greatly corroded in HCI solution
in the absence of LG (Figure 3.7a). On the other hand, it is
observed that the addition of inhibitor results in the formation
of a protective layer on the surface which greatly reduces cor-
rosion. Smoothness of the surface has been improved [32, 33]

(Figure 3.7b).

Figure 3.7

SEM image of stainless steel afterlThour immersion in (a) 1
M HCI (b) 1 M HCI containing 6 mM LG

SEM HV: 200 KV | WD: 16.81 mm
Wl fhel: 364 pm Dot SE 10

SUM W 20,0 kY VW 1500 e

Dot SE

View field: 50.8 pm |

(b)

3.5 Energy Dispersive X-ray analysis

EDX spectroscopy is used to determine the elements present
on the stainless steel surface before and after exposure to the
inhibitor solution. Figure.3.8 (a&b) presents the EDX spectra
for stainless steel and stainless steel in the presence of opti-
mum concentration of LG. The elemental compositions of
stainless steel and stainless steel in 1 M with inhibitor are giv-

en in the Table 3.6.

In the presence of the optimum concentration of the inhibitor ,
oxygen, carbon and nitrogen are found to be present on the
stainless steel surface. This indicates that the inhibitor mole-
cules are adsorbed on the stainless steel surface and hence

protects the stainless steel surface against corrosion [34-36].

Table 3.6

Elemental composition of stainless steel surface and after
immersion in 1 M with inhibitor for 1 hour

Atomic percentage

System

Fe Cr C O | N
Stainless
73.8 | 15.79 | 9.65 | - -
steel
Stainless steel +
53;'3 10.93 | 2747 | 7.32 2'3
1 M HCI + Inhibitor
Figure 3. 8

IJSER © 2016
http://www.ijser.org



http://www.ijser.org/

International Journal of Scientific & Engineering Research, Volume 7, Issue 8, August-2016 126

ISSN 2229-5518

(a) EDX spectra of stainless steel surface (b) EDX spec-
tra of stainless steel specimen after immersion in 1
M HCl with 6 mM LG

Full Scale 3438 ctz Cursor: 0.000 ke’

3.6 Quantum Chemical studies

Theoretical studies support the experimental results and there-
fore, in recent days corrosion inhibition studies include sub-
stantial quantum chemical calculations [37]. Quantum chemi-
cal calculations are performed with complete geometry opti-
mizations using standard Gaussian-09 software package [38].
Calculations are done using the DFT/B3LYP combination to
estimate molecular properties that are related to molecular
reactivity. The use of the 6-31G (d, p) is meant to investigate
the influence of addition of diffused orbitals on the calculated
molecular parameters. The molecular properties that are well
reproduced by density functional theory (DFI/B3LYP), in-
clude the energy of the highest occupied molecular orbital

(HOMO) and energy of the lowest unoccupied molecular or-

bital (LUMO). They also include electronegativity, global
hardness, global softness, electron affinity, ionization potential
and dipole moment. These quantities are often defined fol-
lowing Koopman’s theorem [39]. Electronegativity (x) is the
measure of the power of an electron or group of atoms to at-

tract electrons towards itself [40] and according to Koopman'’s

theorem; it can be estimated using the following equation

X = -1/2(Enomo-Evrumo) ...(4)

where Enowmo is the energies of the highest occupied molecular
orbital and Erumo is the energy of the lowest unoccupied mole-

cular orbital.

Global hardness (n) measures the resistance of an atom to a

charge transfer [41] and it is estimated using the equation:

N = -1/2(Enomo-Erumo) ...(5)

Global softness (o) describes the capacity of an atom or group
of atoms to receive electrons [42] and the value is estimated
with the equation:

o=1/m=-2/(Enomo-Erumo) ...(6)

where 1 is the global hardness value

Electron affinity (EA) is related to Erumo through the
equation:
EA = - Erumo ..(7)

Ionization potential (IP) is related to the Exomo through the
equation:
IP = - Enomo ...(8)

The change in the number of electrons transferred is estimated
by the equation
ANZXFe —Xinh/z(nFe 'T]inh) (9)

where xre and Xin denote the absolute electronegativity of
iron and the inhibitor molecule respectively; nr. and ninn de-
note the absolute hardness of iron and the inhibitor molecule
respectively. The values of xr. and nr. are taken as 7eVmol!

and OeVmol respectively [43].
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Molecular properties of the inhibitors provide information on
their activity. The selected molecular properties include the
Enomo, the Erumo, the energy difference between the HOMO
and the LOMO (AE), the dipole moment, p, the number of
electrons transferred (AN) from the inhibitor molecule to the
metal atom global hardness, 1] and electronegativity, x of the
inhibitor. The calculated values of LG are given in Table 3.7.
The geometry optimized structure, the highest occupied mole-
cular orbital and the lowest unoccupied molecular orbital of

LG (B3LYP/6-31G (d,p) results) is shown in Figure 3.9

Table 3.7

Quantum chemical parameters for LG calculated using
B3LYP/6-31G (d, p)

S.No. | Quantum chemical parameters Values

1 Total energy(au) -551.60797005
2 Enowmo (eV) -0.25507
3 Erumo(eV) -0.006603
4 | AE (eV) 0.2484

5 Fraction of electron transfer AN 28.70

6 Dipole moment (u)(D) 5.0875

7 Ionisation potential(I) (eV) 0.25507
8 Electron affinity(A) (eV) 0.006603

9 Electron negativity(x)(eV) 0.1308

10 Chemical hardness (1) 0.1242

11 Chemical softness (c) 8.0482

Figure 3.9

The highest occupied molecular orbital and the lowest unoc-
cupied molecular orbital of LG (B3LYP/6-31G (d, p) results)

(b)

The Enomo value of LG is -0.25507. Higher the Enomo, greater

is the tendency of a molecule to donate its electrons to the elec-
tron poor species and therefore a comparison of the Exomo of
the studied inhibitor molecule provides information about the
tendency of the molecule to donate electron to the metal.
Lower the Erumo, greater is the tendency of a molecule to ac-

cept electrons from an electron rich species.

The energy difference (AE) between HOMO and LUMO pro-
vides information about the overall reactivity of the molecules.
The AE value of LG is 0.2484 eV. This shows the reactivity of
the molecule. The dipole moment, p, provides information on
the polarity of the molecule and it is also a good reactivity in-
dicator. The dipole moment has been reported to increase
with increase in the inhibition efficiency of the inhibitor [44].
The dipole moment has also been reported to decrease with
the increase in the inhibition efficiency of the inhibitor. Litera-
ture works show that the dipole moment does not correlate
well with the corrosion inhibition efficiency [45]. The number
of electron transferred (AN) indicates the tendency of a mole-

cule to donate electrons to the electron poor species. If AN <

3.6, the inhibition efficiency increases by increasing electron-
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donating ability of these inhibitors to donate electrons to the
electron poor species. The AN value of LG is 28.70; a higher
value of AN implies a greater tendency to interact with the
metal surface, that is, a greater tendency to donate electrons to
the metal surface. The positive value of AN implies that the
interaction between the inhibitor and the metal surface in-
volves electron transfer. The higher Enomo value, higher AN
value and lower AE value of LG implies that it provides better

inhibition efficiency [46-49].

4. Conclusion

The experimental results reveal that inhibition effi-
ciency increases with increase in inhibitor concentration. The
maximum efficiency obtained for LG at room temperature is

64%.

The inhibition efficiency of LG decreases with in-
crease in the temperature.

The higher energy of activation value in the presence of
adsorbed molecules the metal dissolution takes up different
path for which activation energy is high. The positive value of
enthalpy of activation (AH") indicates that corrosion of metal
in acid is an exothermic process. The negative value apparent
entropy of activation (AS") shows that the transition state has
more orderly arrangement than the reactants.

The adsorption of LG on stainless steel follows the El-
Awady et al adsorption isotherm model. The free energy of
adsorption (AGU.ds) suggests that adsorption is a spontaneous
physisorption process.

SEM and EDX analysis confirm the formation of protec-
tive film on the metal surface.

The quantum chemical parameters show a good corre-
lation between the experimentally calculated inhibition effi-
ciency and theoretical inhibition efficiency.
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