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Abstract : The corrosion inhibition efficiency of stem extract of Opuntia Cochenillifera (OC) on the corrosion behaviour of mild
steel in IN hydrochloric acid was investigated in the present study. Experimental methods include weight loss measurements,
Fourier Transformed Infrared Spectroscopy and Scanning Electron Spectroscopic techniques. The Inhibition efficiency was
increased with increase in concentration and decreased in corrosion rate. The extract acts as an excellent corrosion inhibitor. The
maximum inhibition efficiency value reached to 98 % at 2.5 % v/v concentration of extract. In temperature studies the maximum
inhibition efficiency of 97.07 % was observed at 2.5 % v/v extract concentration for OC extract at 323K. The mild steel surface in
the absence and presence of the inhibitor was analysed by scanning electron microscope (SEM).The surface analysis results
showed that the OC stem extract absorbed protective layer on the surface of the mild steel.
Keywords: Opuntia Cochenillifera, Mild Steel, Phytochemical, Inhibition Efficiency, Corrosion Rate.
I.  INTRODUCTION

Mild steel is popular in the construction of different structures like pipeline, thermal chemical reactor and cooling system,
since it is excellent in performance, highly recyclable, high life span, strength as well as more ductile [*1. Metals are affected by
different forms of corrosion in various environments. The exposures can be most severe, but in many.cases the corrosion may be
controlled by inhibitors. Most of the well known acid inhibitors are organic compounds containing nitrogen, sulphur and oxygen
atoms 231, These organic compounds can observe on the metal surface, block the active sites on the surface and thereby reduce
the corrosion rate. The toxic effects of most synthetic corrosion inhibitors have led to the use of natural products which are eco
friendly and harmless. The use of natural products as corrosion inhibitors are well documented . In this present study the
inhibition efficiency of OC stem extract in 1N HCI acid media through weight loss method and surface examination techniques
has been investigated.
Il. MATERIALS AND METHODS

Figure 1 Opuntia Cochenillifera

Preparation of Plant Extract

Opuntia Cochenillifera stem (Figure 1) collected from Panjampatti, Dindigul District, Tamil Nadu, India, were cleaned and
shade dried. The dried stem were powdered and stored in dessicator to prevent moisture contents. 25 gm of dried stem powder
were boiled in 500 mL of 1N HCI in reflux condenser for 3 h and was kept overnight. The extract was filtered and filtrate volume
was made up to 500 mL using 1N HCI medium.
Preparation of Mild Steel Coupons

Mild steel specimens of size 5 x 1 x 0.2 cm were polished with 400 and 600 grade emery paper, washed with distilled water,
degreased with acetone, dried, and kept in a dessicator to avoid the adsorption moisture 1,
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Phytochemical Analysis

Standard protocols were used for qualitative analysis of stem extract to check for the presence of alkaloids, carbohydrates,
flavonoids, phenols, saponins, tannins, terpenoides, quinines and proteins [6:71
Weight Loss Method

Pre weighed mild steel specimens were suspended with the help of glass hook in 100 mL of 1N HCI acid solution in the
absence and presence of inhibitor at various concentrations under an immersion time of 1h, 3 h, 5 h, 7 h, and 24 h at room
temperature. The specimens were removed after specified time interval, washed with distilled water, dried and reweighed. The
experiment was also conducted at high temperatures as done at room temperature for a period of 1h in the absence and presence
of inhibitor in 1N HCl acid using the thermostat, set at higher temperatures of 303 K to 343 K.

The rate of the dissolution of the metal was calculated in the term of Corrosion Rate (CR) using the expression [& 9

Corrosion Rate (CR) = 87.6 x W/ DAT (mm/y)

Where, mm/y - millimeter per year, W - loss in weight in milligrams, D - metal density in g/cm® (7.86g/ cm®), A - area of
the sample in square centimeters, T - time of exposure of the metal surface in hours.

The percentage inhibition efficiency (IE %) of the inhibitors in terms of concentration has been calculated from the
expression (19,

[nhibition Effici (IE %) = Weight loss without inhibitor — Weight loss with inhibitor X 100
nhibrtion BHclency o) Weight loss without inhibitor

Where Wy and W ; are the weight loss values in absence and in presence of the inhibitor respectively.
Scanning Electron Microscopy

The surface morphology study of corroded sample was examined by Scanning Electron Microscopy. The mild steel samples
were immersed in 1IN HCI with and without corrosion inhibitor, for 3 h. After the immersion, the samples were rinsed with
distilled water and dried with an air drier M1, SEM was taken at Karunya University, Coimbatore, India. Using Model: JOEL
6390 Japan.

I11. RESULTS AND DISC
Phytochemical Analysis

Phytochemical analysis of Opuntia Cochenillifera stem extract showed the presence of Proteins, Tannins, Carbohydrates,
Phenols, Flavonoids, Saponins, Glycosides, Steroids, Terpenoids and Alkaloids.

Weight Loss Measurement

The inhibitive effect of Opuntia Cochenillifera stem extract tested at various concentrations and different temperatures on
the corrosion of mild steel in 1N HCI solution obtained from weight loss method are given in Table 1. The weight loss
measurements showed that the inhibition efficiency increased with increase in concentration of the inhibitor from 0.1 to 2.5 % v/v
at room temperature. The maximum inhibition efficiency was 97.65 % in case of OC stem extract for the immersion period of 5h
at a concentration of 2.5 %v/v. With increase in concentration of plant extracts, more phyto constituents are being adsorbed on to
the surface of the metal, enhancing the increasing inhibition efficiency with increasing inhibitor concentration 2. Figure 2
showed that the corrosion rate and inhibition efficiency of mild steel with different concentration of OC at different immersion
periods. Evaluation of the results revealed that the corrosion rate was associated with inhibitor concentration and the plant extract
performed good inhibition efficiency.

The increase in efficiency of the inhibitor with increase in concentration may be attributed to increase in number of
molecules occupied by the inhibitor on the steel-acid solution interface. As the number of molecules increases, the corrosion
reactions are prevented from occurring over the active sites of the mild steel surface covered by adsorbed inhibitor species,
whereas the corrosion takes place on the surface not covered by the inhibitor molecules. Thereby, one may conclude that the
greater the surface coverage the greater the inhibition efficiency. This assumption has been applied to deduce the effect of
concentration on the adsorption of inhibitors 3141,

Table 1 Inhibition Efficiency and Corrosion Rate of Opuntia Cochenillifera in 1N HCI against Mild Steel at Various
Concentration and Different Immersion Periods

Conc. of Corrosion Rate and Inhibition Efficiency
extract 1h 3h 5h 7h 24 h
viv % CR IE % CR IE % CR IE % CR IE % CR IE %
mm/y mm/y mm/y mm/y mm/y
Blank 33.99 - 43.69 - 43.60 - 37.59 - 35.93 -
0.10 2.79 91.80 3.05 93.03 2.36 94.58 2.36 93.01 2.96 91.75
0.50 1.89 94.42 1.86 95.75 1.78 95.91 1.45 96.15 2.30 93.59
1.00 1.56 95.41 171 96.09 1.56 96.42 1.42 96.61 2.03 94.34
1.50 1.45 95.74 1.30 97.02 1.23 97.19 1.24 96.69 1.84 94.88
2.00 1.34 96.07 1.26 97.11 1.14 97.39 1.15 96.95 1.69 95.29
2.50 1.23 96.39 1.08 97.53 1.03 97.65 1.10 97.07 1.51 95.78
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Figure 2 Inhibition Efficiency of different concentration of Opuntia Cochenillifera Stem Extract at Different Immersion Periods

Temperature Studies

The effect of temperature on corrosion rate and inhibition efficiency was studied in the temperature range from 303K to
343K. The results of the weight loss measurements at different temperatures are given in Table 2. The maximum inhibition
efficiency of 97.07 % was observed at 2.5 % v/v extract concentration for OC extract at 323K. Decrease in inhibition efficiency
thereafter with increasing time may be due to shift in adsorption and desorption equilibrium which takes place simultaneously on
prolonged exposure to corrosive media %1, Effects of temperature on corrosion rate and inhibition efficiency of mild steel with
various concentration of OC extract are shown in the Figure 3.

Table 2 Inhibition Efficiency and Corrosion Rate of Opuntia Cochenillifera in 1N HCI against Mild Steel at Various
Concentration and Different Temperatures

Conc.of Corrosion Rate and Inhibition Efficiency
extract 303K 313K 323K 333K 343K
viv % &R IE % o IE % ©3 IE % R IE % CR IE %
mmly mmly mmly mmly mm/y
Blank | 22.62 - 67.09 - 144.44 - 199.27 - 337.47 -
0.10 2.34 89.65 6.24 90.69 8.80 93.90 | 20.28 | 89.82 | 38.56 | 88.57
0.50 2.01 91.13| 4.68 93.02 7.13 95.06 | 11.80 94.07 | 32.10 | 90.49
1.00 1.56 93.10 | 3.59 94.35 6.57 95.45 | 11.59 94.18 | 23.52 | 93.03
1.50 1.34 94.09 | 3.00 95.51 4.68 96.76 8.58 95.69 | 18.61 | 94.48
2.00 1.23 94.58 2.79 95.85 4.56 96.84 7.02 96.48 | 18.39 | 94.55
2.50 1.11 95.07 2.34 96.51 4.24 97.07 6.46 96.76 17.27 | 94.88
100.0000
98.0000 -
96.0000 5 /F;ﬁ"éd"
94.0000 /—.7;‘./7&-* R
92.0000 <
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Figure 3 Effect of Temperature on Inhibition Efficiency of Mild Steel of with Various Concentrations
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SEM Photograph of Mild Steel Sample

Surface examination studies through scanning electron microscopy for the mild steel specimens exposed to 1N HCI at
room temperature for 3 h in the absence and presence of 2 % v/v concentration of the OC stem extract are shown in Figure 4 (a)
and 4 (b). OC / 1N HCI show the inhibitive layer on surface that has ability to produce a good protection on metal surface [,

- 1130 SEi-

Figure 4 (a) Mild steel exposed to 1N HCI medium

Figure 4 (b) Mild steel exposed to 1N HCI + 2.5 % OC extract

Energy Dispersive X-ray Spectroscopy (EDX) Studies

EDX spectra employed to examine the composition of corrosion scales on mild steel immersed for 3 h in 1N HCI without
and with inhibitor containing 2 % v/v concentration of OC stem extract are shown in Figure 5 (a) and 5 (b). The EDX results
showed in Table 3, 4 and 5 indicate the presence of oxygen and chlorine elements on mild steel surface exposed to OC / 1N HCI.
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Figure 5 (a) EDX spectrum of mild steel in 1IN HCI Figure 5 (b) EDX spectrum of mild steel in 0C/AN HCI

Table 3 EDX Analysis Element Weight Percentage of the Sample

Sample Element weight %
Fe Cl O
Mild steel exposed to HCI 96.25 - 3.75
Mild steel exposed to extract 37.02 0.90 62.08
Table 4 EDX Analysis Result of Mild Steel Immersed in 1N HCI
Element Weight Atom
Fe 96.25 88.02
O 3.75 11.98
Total 100 100

Table 5 EDX Analysis Result of Mild Steel Immersed in OC/ 1N HCI Extract

Element Weight Atom
Fe 37.02 67.05
Cl 0.90 0.74
0 62.08 32.21
Total 100 100
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1V. Conclusion

Present studies conclude that Opuntia Cochenillifera stem extract can act as a corrosion inhibitor because of the presence of

various phytochemical constituents such as Alkaloids, Phenol, Flavonoids, Protein, Carbohydrate, Terpenoids, Saponins,
Glycosides, Quinones, Cumarins, and Phytosterols. Weight loss method revealed maximum inhibition efficiency of 97.65 % at 5
hin 2.50 % v/v. The temperature effect showed that OC stem extract exhibits efficiency upto 323 K. Surface examination studies
showed the protection by OC stem extract on mild steel surface. EDX study indicates oxygen and chlorine elements on mild steel
exposed to Opuntia Cochenillifera in 1N HCI that confirmed the presence of absorbed inhibitor molecules on mild steel surface.
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