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Abstract
The inhibition performance of acid extracts of mixed inhibitor (Gutle+Tribulus terrestris) on low
carbon steel as corrosion inhibitor in 1MHCl and 1MH2SO4 has been studied at different temperatures
viz.,303-333K by weight loss method, potentiodynamic polarization and electrochemical impedence
spectroscopy measurements. The inhibition efficiency increased with increasing concentration of the
inhibitor in both HCl and H2SO4 media. The result of electrochemical measurement confirmed that the
inhibitor acts as mixed type of inhibitor. The inhibitive action of mixed inhibitor obeys Langmuir
adsorption isotherm. The metal-inhibitor complex can be confirmed by UV-Visible and FTIR
spectroscopic studies. The protective film over metal surface was confirmed by scanning electron
microscopy (SEM).
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1. Introduction
Low carbon steel and its alloys are widely used in various industrial processes could be
corroded during the acidic application particularly with the use of H2SO4 and HCl medium.
Acid solution used in various operation such as acid pickling,descaling,industrial acid cleaning
and oil well acidizing [1].During several decades many techniques have been implemented to
reduce the corrosion of low carbon steel due to attack by acids. One of the present techniques
for reducing the corrosion is the use of environment friendly green inhibitor. Many of the green
inhibitor is based on organic compound containing N,S,O,and P atoms and conjugate bonds in
the molecule that facilitate adsorption on the metal surface [2,3 ].Most of the green inhibitor
are environment friendly,non-toxic,biodegradable,inexpensive and readily available in plenty
[4].Corrosion inhibition on natural compounds extracted from leaves or seeds as green
inhibitors have been reported by various authors[5-12].Some organic compounds like ascorbic
acid[13] ,Succinic acid [14],caffeine [15],pennyroyal oil [16],aminoacid [17],tryptamine [18]
and caffeic acid [19] have been used for corrosion inhibition of metals.
The aim of the present study is to find a cheap.inexpensive,safe and environmental friendly
substances that could be used as corrosion inhibition for low carbon steel in different acidic
medium. In this present work ,it has been found that the corrosion of low carbon steel in 1MHCl
and 1MH2SO4 using the extract of (Guazma tomentosa and Tribulus Terrestris) as mixed
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inhibitor by mass loss method, electrochemical measurements,FTIR,SEM,EDS spectroscopic
analysis [20].
Guazma tomentosa(Gutle) and Tribulus terrestris(TTLE) is a well-known and easily available
plant in india.’Gutle’ belongs to Sterculiaceae family and TTLE belongs to Zygophyllaceae
family.The phytochemical component of Gutle are colistin, colatannins, catechins, caffeine,
kaempferol, procyanidin B-2, procyanidin B-5, procyanidin C-1, tartaric acid, xanthan gum
and TTLE are steroidal saponins compounds, polysaccharides and tannins.No reported
literature is available for this combination of (Gutle + TTLE) inhibitor for controlling the
corrosion of low carbon steel in 1MHCL and 1MH2SO4.

2. Experimental
2.1 .Preparation of the sample

Low carbon steel coupon of the composition C: 1.83%, Fe: 2.66%, Cr: 0.06% were used for the
present work.Low carbon steel of specimen of the size of 2.5 X 2.5 X 0.4 cm dimensions were
used for mass loss method, while specimen of the size of 0.5cm2 was used for electrochemical
studies. The specimens were degreased by washing with acetone at room temperature and
stored in a desiccators’.
2.2. Preparation of the mixed inhibitor (Gutle+TTLE)

Guazma tomentosa and Tribulus Terrestris leaves were collected in and around virudhunagar
district,Tamilnadu.The leaves were dried and ground it into powdered form. About 10g of each
powdered leaves were extracted with absolute ethanol in soxhlet apparatus for 5hrs.After
completion of the extraction, it was filtered and concentrating the residue by heating in a water
bath at 550C.From the respective stock residue, the test solutions were prepared in the
concentration range of 0.05,0.1,0.15,0.2,0.25g/l.
2.3. Mass loss experiment

Mass loss experiment were conducted at various temperature in the range of 303K-333K in
1MHCl & 1MH2SO4.The weighed and polished low carbon steel specimens were immersed in
100ml of the mixed inhibitor solution with the different concentration of 0-250mg/l for
2hrs.After 2hrs,the specimens were taken, washed with distilled water and acetone and then
reweighed. The mass loss (∆M) and the inhibition efficiency (%IE) were calculated using the
following relation
𝐶𝑅 = 534 𝑋
𝐼𝐸% =

∆𝑀

𝐷𝑆𝑇
𝑀𝐿𝑜 −𝑀𝐿𝑖
𝑀𝐿𝑜

(1)

𝑋 100

(2)

Here ∆M=(MLo –MLi) ,where MLo and MLi are the mass loss of low carbon steel in the
absence and presence of iinhibitor.D is the density of the iron rod(g/cm3),A is the Area of the
specimen in inch2 and T is the immersion period in hours.
2.4. Electrochemical Measurement

Nyquist impedance curves and tafel polarization curves were recorded using electrochemical
workstation impedance analyzer model CH1760D.A cell assembles three compartments of
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electrode used. The polished low carbon steel with the exposed area of 0.5cm2 was immersed
in a mixed inhibitor solution. A platinum as counter electrode and reference as saturated
calomel electrode were used for this electrochemical cell. All electrochemical measurement
were carried out at 303K using 100ml of the mixed inhibitor (1MHCl & 1MH2SO4) solution
in stationary condition [21]Before each potentiodynamic polarization and electrochemical
impedance measurements, the electrode was immersed in the mixed inhibitor solution to
corrode freely and its open circuit potential was recorded [22].Potentiodynamic polarization
were recorded from -250mV to +250mV with the scan rate of 0.01v/s.The electrochemical
impedance spectroscopy measurements were recorded in the frequency range of 0.1-1Hz.Each
experiment was repeated to triplicate to check the reproducibility of the data.

3. Surface Analysis
3.1. FTIR Studies

The formation of protective film over the surface of the low carbon steel specimen was
examined by carrying out FTIR spectroscopic investigations.FTIR spectrum was recorded on
BRUKER spectrometer in the IR range of 4000-400cm-1.The FTIR spectrum of protective film
on the surface of low carbon steel was recorded by carefully removing the film, mixing it with
KBr & making the pellets as per standard earlier [23-25].The FTIR spectra of extract residue
and the mixed inhibitor film adsorbed over low carbon steel surface were compared for its
adsorptive studies.
3.2. UV-Visible Spectroscopy

The adsorption behaviour of organic compounds present in the extract were analysed with the
help of UV-Visible spectrum. The UV-Visible absorption spectra obtained on (JASCOW 32
spectrophotometer) low carbon steel surface can be analysed with the help of quartz glass cell
on 400-800nm.Absorption spectra of mixed inhibitor(Gutle + TTLE)residue and the test
solution with specimen immersed in additive were compared to investigate its adsorption
nature [26].
3.3. Scanning Electron Microscopy & EDAX analysis

The low carbon steel specimens were immersed in acidic medium of 1MHCl & 1MH2SO4 in
the absence and presence of optimum concentration of mixed inhibitor for a period of
24hrs.After 24hrs,the specimens were taken out and dried. The nature of the protective film
formed on the surface of the low carbon steel was examined by using a BRUKER SEM analysis
with EDS Spectrometer.

4. Result and Discussion
4.1. Mass loss experiment

The corrosion rate and inhibition efficiency of low carbon steel in 1MHCl & 1MH2SO4 in the
uninhibited and inhibited mixed extract solution of different concentrations were determined
at 303K-333K.Fig (1,2) & (3,4) shows the concentration effect of mixed inhibitor (Gutle
+TTLE) on the corrosion rate and inhibition efficiency of 1MHCl & 1MH2SO4 in the presence
and absence of leaves extract. From the graph, it is confirmed that the corrosion rate of low
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carbon steel decreased in the presence of inhibitor then its absence in the acidic solution. The
corrosion rate can also decreased with the increasing concentration of mixed inhibitor indicates
that the corrosion of low carbon steel was inhibited by Gutle+ TTLE leaves extract in 1MHCl
&1MH2SO4 .The maximum inhibition efficiency of 1MHCl was attained to be 90% and
1MH2SO4 was 86% at 250mg/l(303K) which can be confirmed that the mixed inhibitor was a
very good inhibitor in both the acid media. In Fig (5)&(6) shows the plot of inhibition
efficiency Vs temperature with different concentrations of mixed inhibitor. From the graph ,it
is clear that inhibition efficiency decreased with the increase of temperature, which can be
confirmed that the desorption of mixed inhibitor on the low carbon steel surface [27-33].In Fig
(7) & (8) shows the variation of time with corrosion rate on low carbon steel in 1MHCl
&1MH2SO4 with the different concentration of inhibitor.

Figure.1. Variation of inhibition efficiency of low carbon steel with and without mixed inhibitor
in 1MHCl at different temperature
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Figure .2. Variation of inhibition efficiency of low carbon steel with and without mixed inhibitor
in 1M H2SO4 at different temperature

Figure.3.Corrosion rate of low carbon steel in 1MHCl with and without mixed inhibitor
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Figure .4.Corrosion rate of low carbon steel in 1M H2SO4 with and without mixed inhibitor

Figure .5.Inhibition Efficiency with temperature in the presence of different
mixed inhibitor(1M HCl)
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Figure .6.Inhibition Efficiency with temperature in the presence of different
mixed inhibitor (1M H2SO4 )

concentration of

Figure .7.Corrosion rate of mixed inhibitor as a function of time in1MHCl
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Figure .8.Corrosion rate of mixed inhibitor as a function of time in 1MH2SO4
4.2. Electrochemical measurements
4.2.1. Potentiodynamic polarization studies

The potentiodynamic polarization curves of low carbon steel in 1MHCl and 1MH2SO4 with
the varying concentrations of mixed inhibitor is shown in Fig (9) & (10).The corrosion kinetic
parameters such as corrosion potential(Ecorr),Corrosion current density (Icorr),anodic tafel
slope(ba) and cathodic tafel slope(bc),linear polarization (LPR) and inhibition efficiency are
deduced from the curves of 1MHCl and 1M H2SO4 are given in the table (1) & (2 ).The
inhibition efficiency is calculated using the following relation
𝑜
𝐼𝐸% = (𝑖𝑐𝑜𝑟𝑟
−

𝑖𝑐𝑜𝑟𝑟
𝑜
𝑖𝑐𝑜𝑟𝑟

) 𝑋 100

(3)

Where iocorr and icorr are the corrosion current density values in the absence and presence of
inhibitor.The increase in concentration of the mixed inhibitor decreases the Icorr values.The
addition of mixed inhibitor on acid corrosion of low carbon steel in both the acid media,do not
show any appreciable shift in Ecorr which imply that the analyzed extract act as a mixed type
of inhibitor [34].The values of bc was changed less than ba values,it is confirmed that anodic
reaction was controlled predominantly than the cathodic one at all concentrations.In the
presence of inhibitor system,the corrosion current decreased from(1MHCl) 742 to 79 mA cm-2
and in 1MH2SO4 from 690 to 94 mA cm-2 and this observation suggests that addition of mixed
inhibitor to both 1MHCl and 1MH2SO4 solution will reduce anodic dissolution of low carbon
steel more than the cathodic hydrogen evolution reaction [35].
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Figure..9.Tafel plot of low carbon steel immersed in 1MHCl with and without Mixed
inhibitor

Figure.10.Tafel plot of low carbon steel immersed in 1MH2SO4 with and without Mixed
inhibitor
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Table .1. Potentiodynamic polarization parameters for the corrosion of low carbon steel
in 1MHCl containing different Concentrations of Mixed inhibitor

C inh(mg/l)

Ecorr(m
V)

Icorr(mA cm-2)

-bc(mV
decade-1)

-ba(mV
decade-1)

Rp(Ώcm2)

%IE

0

-374

742

141.3

137.6

24.48

-

50

-390

209

139.4

134.2

7.03

71.8

100

-403

175

137.1

131.8

5.98

76.4

150

-415

139

133.7

129.4

4.86

81.2

200

-430

114

127.3

126.2

4.13

84.6

250

-433

79

125.5

124.3

2.90

89.3
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Table .2. Potentiodynamic polarization parameters for the corrosion of low carbon steel
in 1MH2SO4 containing different Concentrations of Mixed inhibitor

C inh(mg/l)

Ecorr(m
V)

Icorr(mA cm-2) -bc(mV
decade-1)

-ba(mV
decade-1)

Rp(Ώcm2)

%IE

0

-384

640

137.1

134.3

23.3

-

50

-443

272

135.3

131.5

9.38

60.6

100

-467

205

133.5

128.2

7.20

63.8

150

-442

165

129.4

126.3

5.94

76.1

200

-495

123

127.2

125.2

4.48

82.2

250

-410

94

124.7

123.4

3.48

86.4

4.2.2. Electrochemical impedence measurement

Impedence behaviour of low carbon steel in 1MHCl and 1MH2SO4 in the presence and absence
of the inhibitor is shown in the fig (11) & (12).The impedence parameters such as Rct,Cdl and
fmax derived from nyquist plots are given in the table (3 ) & (4).The charge transfer values are
decreased with increasing concentration of the inhibitor indicating that,the process is mainly
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controlled by the corrosion low carbon steel.In the impedence studies ,the inhibition efficiency
is calculated as
𝐼𝐸% = (𝑅𝑐𝑡(𝑖𝑛ℎ)− 𝑅𝑐𝑡

⁄𝑅
𝑐𝑡(𝑖𝑛ℎ)

𝑋 100

(4)

Where Rct and Rct(inh) are uninhibited and inhibited charge transfer resistance respectively.The
diameter of nyquist plots increased on increasing the concentration of mixed inhibitor which
indicating that the strengthening of inhibitor film on the metal surface [ 36].The values of R ct
in the inhibited substrates was increased with the increasing concentration of inhibitors.The
values of Cdl are decreased with increasing in inhibitor concentration and it was due to the
adsorption of mixed inhibitor on the metal surface leading to the formation of a protective layer
on the electrode surface and decreased the extent of dissolution reaction[37].The inhibition
efficiencies calculated from EIS showed good agreement with the results obtaine from
polarization methods and could be attributed to decreased local dielectric constant and
increased thickness of the electrical double layer [38].

Figure .11.Nyquist plot of low carbon steel immersed in 1MHCl with different
concentration of Mixed inhibitor at 303K
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Figure .12.Nyquist plot of low carbon steel immersed in 1MH2SO4 with different
concentration of Mixed inhibitor at 303K

Table. 3. Electrochemical impedence parameters for low carbon steel in 1M HCl in the
absence and presence of Mixed inhibitor

Cinh(mg l-1)

Rct(Ώ cm2)

Cdl(F cm -2)

%IE

0

28.1

437

-

50

67.3

95

58.2

100

95.6

83

70.6

150

132.4

71

78.7

200

139.7

65

79.8

250

200.4

52

85.9
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Table .4.Electrochemical impedence parametres for low carbon steel in 1M H2SO4 in the
absence and presence of Mixed inhibitor

Cinh(mg l-1)

Rct(Ώ cm2)

Cdl(F cm -2)

%IE

0

28.5

470

-

50

95.6

90

70.1

100

129

78

77.9

150

138.9

69

79.4

200

157

64

81.8

250

201

55

85.8

5. Adsorption isotherm
Adsorption isotherm provide an important information on interaction of mixed inhibitor and
the low carbon steel surface [39].Surface coverage data play an important role in characteristics
of inhibitor and they are useful for fitting to various isotherm including
Langmuir,freundlich,Tempkin isotherm. Mixed inhibitor(Gutle + TTLE) in both HCl and
H2SO4 obeys Langmuir adsorption isotherm by giving a straight line for the plot of C vs C/
ϴ,which is given as Fig(13) &(14).
𝐶
𝜃

=𝐾

1

(𝑎𝑑𝑠)

+𝐶

(5)

Where C is the Concentration of mixed inhibitor(mg/l),K is the adsorption –desorption
equilibrium constant and ϴ is the surface coverage which is given as[40]
𝐼𝐸

𝜃 = % 100

(6)

The adsorption behaviour indicated that the adsorption of mixed inhibitor on both 1MHCl and
1MH2SO4 medium of low carbon steel surface obeyed Langmuir adsorption isotherm meaning
that there was no interaction between the adsorbed species[41].The free energy of adsorption
(∆Gads) and the equilibrium constant (K) are related by the following equation.
∆𝐺𝑎𝑑𝑠 = −𝑅𝑇𝑙𝑛(55.5𝐾)
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Here R is the gas constant, T is the absolute temperature and 55.5 is the concentration of water
in the solution.
The value of K were found to decrease in both the acid medium with increasing temperature
and it can be showing that the interaction between the adsorbed molecules and low carbon steel
surface have weak vanderwaals force of attraction. Such data can explain the decrease in
protection efficiency with increasing temperature [42].
The values of ∆Gads and K were listed in Table (5) & (6) . The values of ∆Gads was less than
the -20KJ in both the acid medium and it can be suggests physisorption mechanism which was
consistent with electrostatic interaction between inhibitor molecules and the low carbon steel
surface [43,44].
Table.5.Langmuir adsorption parameters and free energy of adsorption of mixed
inhibitor on the surface of low carbon steel in 1MHCL

Temp(K)

∆Goads

K

-∆Hoads(kJ mol-1)

-∆Soads(J mol k-1)

R2

303

36.30

1.7

1.56 x 10-3

0.05

0.98

308

21.46

1.5

1.62 x 10-3

1.17

0.96

313

16.41

1.2

1.69 x 10-3

3.31

0.95

318

15.02

1.1

1.69 x 10-3

3.84

0.93

323

12.22

1.0

1.70 x 10-3

4.65

0.92

333

10.36

0.08

1.73 x 10-3

6.44

0.91
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Table.6.Langmuir adsorption parameters and free energy of adsorption of mixed
inhibitor on the surface of low carbon steel in 1MH2SO4

Temp(K)

∆Goads

K

-∆Hoads(kJ mol-1)

-∆Soads(J mol k-1)

R2

303

78.98

1.7

1.57 x 10-3

0.24

0.94

308

74.84

1.4

1.64 x 10-3

1.57

0.96

313

48.65

1.3

1.65 x 10-3

2.52

0.95

318

19.21

1.1

1.66 x 10-3

3.80

0.95

323

12.52

1.1

1.69 x 10-3

3.87

0.96

333

12.10

0.09

1.70 x 10-3

5.77

0.94

Figure.13.Langmiir adsorption isotherm plot for low carbon steel in 1MHCl with
mixed inhibitor extract at different temperature
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Figure.14.Langmiir adsorption isotherm plot for low carbon steel in 1MH2SO4 with
mixed inhibitor extract at different temperature

Figure .15.Plot of lnK vs 1/T for the adsorption of mixed inhibitor at lowcarbon steel
/HCL interface
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Figure .16.Plot of lnK vs 1/T for the adsorption of mixed inhibitor at lowcarbon steel /
H2SO4 interface
The entropy of adsorption and the heat of adsorption are important values for understanding
adsorption of mixed inhibitor molecules at metal/solution interface. The heat of adsorption
(∆Hads)is calculated using the Van’t Hoff equation
𝑙𝑛𝐾 = −∆𝐻𝑎𝑑𝑠/ 𝑅𝑇 + 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡

(8)

Fig (15) &(16) gives the straight lines of plot of lnK vs 1/T and the straight line is equal to ∆Hads/ R.The standard entropy of activation (∆Sads) is obtained by the thermodynamic equation
∆𝑆𝑎𝑑𝑠 =

∆𝐺𝑎𝑑𝑠− ∆𝐻𝑎𝑑𝑠

(9)

𝑇

The value of ∆Hads are negative and it indicates that the adsorption of mixed inhibitor is an
exothermic process and it is due to the gradual desorption of mixed inhibitor from the low
carbon surface. The ∆Sads values are negative and it can be explained that, the before the
adsorption of inhibitor molecules into the low carbon steel surface, inhibitor molecules might
freely move in the bulk solution(inhibitor molecules were chaotic),but with the process of
adsorption ,inhibitor molecules were orderly adsorbed onto the steel surface, as a result a
decrease in entropy is observed [45].

6. Thermodynamic consideration
The thermodynamic parameters like enthalpy of activation ∆H*,entropy of activation ∆S* and
the activation energy Ea,for corrosion of low carbon steel in 1MHCl and 1MH2SO4 solution in
the absence and presence of mixed inhibitor (Gutle +TTLE) at 303K to 333K were calculated
from Arrhenius Equation[46].
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𝐸

𝐶𝑅 = 𝐴𝑒𝑥𝑝(− 𝑅𝑇𝑎 )

(10)

The formula of activated complex from the enthalpy and entropy change in the transition state
was obtained from the transition state equation
𝐶𝑅
𝑙𝑜𝑔𝑅
= {(
𝑁ℎ
∆𝑆 ∗
−∆𝐻 ∗
+
)}
2.303 2.303𝑅𝑇

(11)

Table.7. Kinetic parameters for corrosion of low carbon steel in 1M HCL in the absence
and presence of different concentrations of mixed inhibitor

Cinh(mg l-1)

Ea(kJ mol-1)

∆H*(kJ mol-1)

-∆S*(J mol k-1)

0

1.39

14.38

197.58

50

9.67

32.35

197.58

100

14.30

44.72

197.57

150

17.71

92.97

197.57

1
200

19.98

48.56

197.56

250

30.71

169.36

197.56
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Table.8. Kinetic parameters for corrosion of low carbon steel in 1M H2SO4 in the absence
and presence of different concentrations of mixed inhibitor

Cinh(mg l-1)

Ea(kJ mol-1)

∆H*(kJ mol-1)

-∆S*(J mol k-1)

0

3.06

13.81

197.58

50

8.81

20.65

197.58

100

10.42

22.80

197.57

150

10.59

26.85

197.57

200

11.67

63.64

197.57

1
250

21.63

66.96

197.56

Figure .17.Arrehenius plot for low carbon steel in 1MHCl in the absence and presence of
different concentration of mixed inhibitor
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Figure.18.Arrehenius plot for low carbon steel in 1M H2SO4 in the absence and presence
of different concentration of mixed inhibitor

Figure .19.Transition plot for low carbon steel immersed in 1MHCl with and without
mixed inhibitor
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Figure .20.Transition plot for low carbon steel immersed in 1M H2SO4 with and without
mixed inhibitor

Where CR is the rate of corrosion, A is the exponential factor,h is the planck’s constant ,N is
the Avagadro’s number,Ea is the activation energy,R is gas constant and T is the absolute
temperature.
A plot of logCR vs 1/T gave a straight line with the intercept (logCR) and slope of (-Ea/2.303R)
are shown in the Fig (17)& (18).The values of activation energy in the presence of inhibitor
are higher than in its absence and it can be clearly indicates that the presence of mixed inhibitor
could be interpreted as physical adsorption [47] .A plot of logCR/T vs 1/T gave a straight line
with a slope (-∆H*/2.303R) and a intercept (log R/Nh +∆S*/2.303R) are shown in fig (6.19)
& (6.20).The values of ∆H* and ∆S* were calculated and listed in table (7) &(8).The positive
sign of ∆H*in both the 1MHCl and 1MH2SO4 indicates that the endothermic nature of the low
carbon steel dissolution process and it can be suggested that the dissolution reaction was slow
in the presence of inhibitor[48].The value ∆S* in the absence and presence of inhibitor were
negative in both 1MHCl and 1MH2SO4 ,which can signify that the activated Complex in the
rate determining step represent an association rather than dissociation step, meaning that a
decrease in disordering takes place on going from reactant to the activated complex [49-51].
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7. FTIR Studies
The FTIR spectrum of mixed inhibitor (Gutle +TTLE) and the protective film formed on the
surface of the metal is shown in Fig .21(a) & 21 (b) respectively. In Fig .21(a),it was found that
O-H Stretch at 3402cm-1 was shifted to 3502cm-1 and the aromatic C= C stretch was found at
1600cm-1.In Fig.21(b) the band at 2432cm-1 was found on S-H stretching vibration. The peak
at 2235cm-1was due to the stretching mode of C =C stretching vibration. The band at
approximately 600-800cm-1 was due to the presence of halogen compounds. The FTIR study
leads to the conclusion that adsorption of Fe2+(Gutle +TTLE)inhibitor complex formed on the
surface of low carbon steel.
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Figure .21.FTIR Spectra of (a)Corroded sample on low carbon steel (b) Adsorbed layer
formed on low carbon steel after immersion in acidic medium containing mixed
inhibitor

8. SEM Analysis
Polished low carbon steel specimens were immersed in acidic solutions in the absence and
presence of 250mg/l mixed inhibitor for 24hrs are shown in Fig .22a.b.It can be seen from
Fig.22a that the surface of the low carbon steel was damaged with cracks and appears deep
holes in the absence of inhibitors due to metal dissolution in acid solution.Figure.22b.shows
the appearance of spongy,smooth low carbon steel surface after addition of mixed inhibitor to
the acidic medium.In figure..22b ,can confirmed that smooth surface on the low carbon steel is
due to the formation of protective film, which was responsible for inhibition of corrosion
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(a)

(b)

Figure .22.SEM image of low carbon steel (a) Without inhibitor (b) 250mg/l of Mixed
inhibitor

9. EDAX Analysis
The following table -9. shows the EDS spectrum of low carbon steel in acidic solution in the
absence and presence of mixed inhibitors. Figure.23.(a) & 23(b) represent EDS spectrum of
the corroded sample of the pure low carbon steel and inhibited carbon steel. The spectrum
(Fig..23.a.) shows peaks for iron and oxygen suggesting the presence of a iron oxide/hydroxide
after corrosion. (Fig.23.b.) shows the peak corresponding to carbon illustrating the presence of
inhibitor molecules adsorbed on the metal surface
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Figure .23.a.EDS Spectrum of corroded sample on low carbon steel
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Figure .23.b.EDS spectrum of low carbon steel after treating with mixed inhibitor
Table.9.Surface Composition (weight %) of low carbon steel in absence and presence of
mixed inhibitor

Composition(%)
Medium

Fe

C

85.95

5.93

80.18

4.33

O

S

Cr

7.04

0.41

0.52

6.78

0.2

0.51

Low
carbon
steel

Low
carbon
steel in
mixed
inhibitor

10. UV –Visible spectroscopic Studies
UV-Visible spectroscopy can give the correct evidence on the formation of metal inhibitor
complex. The inhibitor contain many components and it is very difficult to separate every
compound present in the extract. To confirm the formation of Fe 2+-Mixed inhibitor metal
complex,UV-Visible spectra were obtained for pure extract and 1MHCl containing 250mg/l of
the extract after 24hrs immersion of Fe2+ at room temperature in Fig.22(a) &.22(b).The
electronic absorption spectra of mixed inhibitor showed one sharp band is observed in the UV
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region between 300-400nm.The sharp band in the UV region can confirms the presence of
various components in the extract. After 24hrs of low carbon steel immersion, there is an high
and low level in the absorption band which can confirms that the formation of Fe2+-inhibitor
complex in the solution.

Figure .22.UV-Visible Spectra of (a)Pure extract (b) Adsorbed layer formed on low
carbon steel after immersion in acidic medium containing mixed inhibitor

11. Explanation of inhibition
Most of the mixed inhibitors containing natural organic compounds with polar atoms
containing N,S,O and P.Low carbon steel is a perfect fit for its Co-ordination affinity to hetero
atom bearing ligands[52 ].The mixed inhibitor molecules may be adsorbed on the low carbon
steel surface can be explained on the basis of the donor-acceptor interaction between π-electron
of donor atoms N and aromatic rings of the inhibitors.[53].
From the experimental data, the inhibitive effect of mixed inhibitor(Gutle+ TTLE) in HCl and
H2SO4 can be explained as follows.
Mixed inhibi + χH+ ↔ [Mixed inhibiHχ ]x+
(12)
In acidic solutions, the mixed inhibitor exists either as neutral molecules or in the form of
cations. The inhibitor extract may adsorbed on the low carbon steel surface via. The chemical
adsorption mechanism, involving the Co-ordinate bonds that can be formed between the empty
vacant d-orbitals of Fe atom and the lone electron pairs of the unprotonated N atoms which
enhanced the combination between the inhibitor molecules and the electrode surface.
Thus the metal complexes of mixed inhibitor and Fe2+ or protonated mixed inhibitor might be
formed as follows.
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Fe2+ + 2e-

Mixed inhibi + Fe2+

(13)
↔

[Mixed inhibiHχ ]x+ + Fe2+ ↔

[Mixed inhibi-Fe2+]
[Mixed inhibi-Fe](2+x)+

(14)
(15)

Similar type of mechanism was also proved and these complexes might be adsorbed on the low
carbon steel surface by Vander waals force to form a protective film to prevent the metal from
corrosion.

12. Conclusion
Mixed inhibitor extract acts as a very good, environment friendly inhibitor for the corrosion of
low carbon steel in 1MHCl and 1MH2SO4.
Inhibition efficiency increases with increase in inhibitor concentration and shows maximum
efficiency in 1MHCl (90%) & 1MH2SO4 (86%) at its optimum concentration (250mg/l).
Inhibition efficiency decreases with the increase in temperature from 303K to 333K.
Polarization studies revealed that Ecorr shifted in the noble directions and the corrosion current
decreased with increasing the inhibitor concentration indicated the formation of a protective
film by the inhibitors molecule
The adsorption of inhibitor extract on low carbon steel surface follows Langmuir adsorption
isotherm.
The inhibitor extact acts as a mixed-type inhibitor in both the acidic medium and the inhibition
of the extract on low carbon steel is caused by geometric blocking effect.
UV-Visible and FTIR spectroscopic studies shows that the formation of metal-inhibitor
complex which is in good agreement with the anti-corrosive activity of the leaves extract.
SEM reveals the formation of a smooth surface on low carbon steel in the presence of mixed
inhibitor extract and it is due to the formation of an adsorptive film of electrostatic character.
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