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 ABSTRACT  The inhibition property of Pisonia Alba Extract (PAE) on the corrosion of carbon steel in well water 
was investigated using potentiondynamic, Electrochemical impedance study (EIS), weight loss technique. Weight loss 
study reveals that the formulation consisting of 3mL of Pisonia Alba (PSA) and 50ppm of Zn2+ offers 92% inhibition 
efficiency to carbon steel immersed in well water. The results of Polarization study reveals that this system functions as 
a mixed type of inhibitor. The AC impedance study reveals that a protective film formed on the metal surface. Scanning 
electron microscopy (SEM) observation, confirmed the existence of an inhibitor molecules on the metal surface. 
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1.INTRODUCTION: 
Corrosion is the deterioration of metal by chemical attack or reaction with its environment. It is a constant 
and continuous problem, often difficult to eliminate completely [1]. The use of inhibitors is one of the best 
options of protecting metals against corrosion in various fields of application as acid pickling and acid 
descaling [2]. The inhibitors employed are varied and some have been found to be severe to health and the 
environment at large. Thus efforts are now directed towards formulation of modern environmentally safe 
inhibitors in which plant extracts have become important as eco-friendly, economical, readily available and 
renewable sources of effective corrosion inhibitors. Pisoniaalba (Nyctaginaceae), commonly known as 
Lettuce Tree, is an evergreen tree 9-12 m high found sparsely wild in the beach forests of Andaman Islands, 
cultivated to a small extent in India and Ceylon. The fresh leaves moistened with Eau-de-Cologne are used to 
subdue inflammation of a filariosis nature in the legs and other parts [3]. They are used as diuretic. The root 
is purgative. A survey of literature revealed that Pisonia alba is an untapped candidate for antidiabetic  
activity  though  it  is  extensively used  in traditional healing of diabetes in Kerala (Anonymous,1969) [4]. 
Aqueous extract of PortulacaQuadrifida  have also proved to be efficient corrosion inhibitor in low chloride 
media [5]. Corrosion inhibition of carbon steel in well water by Vitexnegundo extract has been studied [6]. 
The corrosion inhibition effects of Allium Sativum (Garlic) Extract have been reported [7]. Corrosion 
inhibition of carbon steel in low chloride media by an aqueous extract of Hibiscus rosasinensis Linn has 
been evaluated [8]. Banana peel has been used as corrosion inhibitor for carbon steel in sea water [9]. 
The present study aimed at investigating the inhibitive properties of an aqueous extract of Pisonia Alba  
plant leaves on the corrosion of carbon steel in well water. 
 

2. EXPERIMENTAL  
2.1. Preparation of Specimen  
Carbon steel specimen [0.0267 % S, 0.06 % P, 0.4% Mn, 0.1 % C and the rest iron] of dimensions 1.0 cm × 
4.0 cm × 0.2 cm were polished to a mirror finish and degreased with trichloroethylene. 
2.2.Preparation of plant extract 

Table.1: Main constituents of  Pisonia Alba Extract (PAE)are shown below: 
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An aqueous extract of Pisonia Alba Extract (PAE)  was prepared by grinding 10 g of Pisonia Alba  with 
double distilled water, filtering the suspending impurities, and making up to 100 mL. The extract was used 
as corrosion inhibitor in the present study. 
 

2.3. Corrosion Medium: 
In our present study, well water chosen as corrosive media were collected from due well at Alundur, 
Tiruchi. 

Table.2: Physiochemical parameters of well water 

Parameters Results 

Appearance Colorless 

Total dissolved solids 1804 ppm 

pH 7.95 

Total hardness 950 ppm 

Calcium 151 ppm 

Magnesium 87 ppm 

Iron 0.76 ppm 

Conductivity 3459 Micro mho / cm 

Chloride 515 ppm 
 

2.3. Weight-Loss Method  
Carbon steel specimens in triplicate were immersed in 100 mL of the solutions containing various 
concentrations of the inhibitor in the presence and absence of Zn2+ for one day. The weight of the 
specimens before and after immersion was determined using a Shimadzu balance, model AY62. The 
corrosion products were cleaned with Clarke’s solution [10]. The inhibition efficiency (IE) was then 
calculated using the equation:  

IE ( %)=  
𝑊2−𝑊1

𝑊2
  × 100 

where W1is the weight loss value in the absence of inhibitor and W2 is the weight loss value in the presence 
of inhibitor.  
 

2.4. Polarization Study  
Polarization studies were carried out with a CHI-electrochemical workstation with impedance model 660A. 
A three-electrode cell assembly was used. The working electrode was carbon steel. A saturated calomel 
electrode (SCE) was used as the reference electrode and a rectangular platinum foil was used as the counter 
electrode. The inhibition efficiency (IE) values were calculated from iocorrvalues using the equation[11], 

𝐼𝐸 % =   
𝒊𝒄𝒐𝒓𝒓 
𝒐 − 𝒊𝒄𝒐𝒓𝒓

𝒊𝒄𝒐𝒓𝒓
𝒐   × 100 

Whereio
corrand icorrare the corrosion current densities in case of uninhibited and inhibited solutions 

respectively. 
2.5. AC impedance spectra  
The instrument used for polarization study was also used for AC impedance spectra. The cell set up was the 
same as that was used for polarization measurements. The real part (Z') and the imaginary part (Z'') of the 
cell impedance were measured in ohms at various frequencies.AC impedance spectra were recorded with 
initial E(v) = 0 V, high frequency limit was 1x105 Hz, low frequency limit was 1 Hz, amplitude = 0.005 V and 
quiet time tq= 2s. The values of charge transfer resistance, Rct, and the double layer capacitance, Cdl, were 
calculated.  

Rct = (Rs + Rct) - Rs 

Where, Rsis solution resistance and  

𝐂𝐝𝐥 =
𝟏

𝟐𝛑𝐟𝐦𝐚𝐱𝐑𝐜𝐭
 

where fmaxis maximum frequency.  
2.6. Surface Examination Study  
The carbon steel specimens were immersed in various test solutions for a period of one day. After one day, 
the specimens were taken out and dried. The nature of the film formed on the surface of the metal specimen 
was analysed by various surface analysis techniques.  
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2.6.1. Scanning electron microscopy  
The surface morphology of the formed layers on the carbon steel surface after its immersion in control 
solutions containing  well water in the absence and in the presence of the inhibitor were carried out. After 
one day, the specimens were taken out, washed with distilled water and dried. The SEM photographs of the 
surfaces of the specimens were investigated using a VEGA3-TESCAN model scanning electron microscope. 
 

3. RESULTS AND DISCUSSION  
3.1. Weight-Loss Method 
 

Table.2: Corrosion rates (CR) of carbon steel immersed in well watercontaining in the presence and 
absence of inhibitor system at various concentrations of inhibitors and the inhibition efficiencies (IE) 

obtained by weight loss method: 
Inhibitor system: Zn2+- PAE    Immersion period: one day 

PAE (mL) Zn2+ 
(0 ppm) 

Zn2+ 
(25 ppm) 

Zn2+ 
(50 ppm) IE % CR 

(mmpy) 
IE % CR 

(mmpy) 
IE % CR 

(mmpy) 0 - 0.8601 14 0.6792 21 0.7391 

1 48 0.4469 53 0.4034 62 0.3267 

2 56 0.3778 63 0.3179 78 0.1889 

3 64 0.3094 77 0.1973 92 0.0685 

4 57 0.3697 65 0.3001 86 0.1201 

5 52 0.4127 58 0.3604 73 0.2314 
 

It is observed that when the carbon steel is immersed  in well water contains 3 mL of  PAE  only shows  64%  
inhibition  efficiency  (IE)  (in  the  absence  of  Zn2+).This  inhibition efficiency is found to be enhanced in the 
presence of Zn2+ ions. 
When Zn2+ is added IE also increases and gives maximum 92 % IE at 3 mL of  PAE and 50 ppm of Zn2+  this 
shows that synergistic effect exists between Zn2+  and the active principles present in PAE. For example, 50 
ppm of Zn2+has only 21 % of IE; 3mL of  PAE has 64 percent IE. Interestingly their combination has High IE, 
namely, 92 %. Therefore the mixture of inhibitors shows better IE than individual inhibitors. 
When the concentration of Zn2+  increases from 25 ppm to 50 ppm the IE slightly increases. This may be due 
to the fact that, when the concentration of Zn2+ increases, the Zn2+-PAE complex formed  in the bulk of the 
solution. After increasing concentration of PAE the IE decreases . This may be due to the fact that,  when the 
concentration of PAE increases, the Zn2+-PAE complex formed is precipitated in the bulk of solution [10-13].  
3.2.Influence of immersion period on the inhibition efficiency of  Pisonia Alba Extract  (PAE): 
The influence of duration of immersion on the IE of  PAE (3 mL) - Zn2+  (50ppm) system is given in Table 
3.When the immersion period increases the inhibition efficiency decreases and the corrosion rate increases 
this shows that theprotective film formed on the metal  surface, was broken by the corrosive environment 
and the film was dissolved,this same result is shown in Phyllanthusamarus extract [14]. 
 

Table 3: Influence of duration of immersion on the inhibition efficiency of  PAE-Zn2+  system. 
Immersion  

Period  
(days) 

Corrosion Rate (CR) in the 
absence of the inhibitor 

(mmpy) 

Corrosion Rate (CR) in the 
presence of the inhibitor 

PAE (3ml)+ Zn2+ (50 ppm) 
(mmpy) 

Inhibition 
Efficiency  

(IE%) 

1 0.8661 0.0685 92 
3 0.9234 0.1565 83 
5 0.9862 0.3245 67 
7 1.3258 0.7556 43 

 

3.3. Analysis of  polarization curves 
The potentiodynamic polarization curves of carbon steel immersed in well water in the absence and 
presence of inhibitors are shown in Fig. 1. The corrosion parameters are given in Table 4. When carbon steel 
is immersed inwell water, the corrosion potential is -580 mV Vs SCE. The formulation consisting of 3 mL of 
PAE+ 50 ppm Zn2+ shifts the corrosion potential to  -603mV Vs SCE. It shows that the corrosion potential is 
shifted to less negative side. The formulation consisting of PAE and Zn2+ shifts the anodic slopes and 
cathodic slopes (201.90 mV/dec and 198.52 mV/dec ) almost equally controls both anodic and cathodic 
reaction . This suggests that the PAE-Zn2+ formulation performs as a mixed type inhibitor.The corrosion 
current value and LPR value for well  water5.5431 × 10-5 A/cm2and 963Ω cm2. In the presence of the 
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inhibitors, the corrosion current value has decreased to 1.0250 × 10-5 A/cm2 and the LPR value has 
increased to 3130 Ω cm2. When a protective film is formed on the metal surface, LPR value increases and 
corrosion current value decreases. It can be said that the  inhibition of corrosion of carbon steel in well 
water containing 3mL of PAE and 50 ppm Zn2+ of  by PAE–Zn2+ system [15]. 

 
Fig. 1. Polarization curves of carbon steel immersed inwell water 

a) well water  
b) 3mL PAE + 50 ppm of Zn2+ + well water 

Table 4: Corrosion parameters of carbon steel immersed in wellwater in the presence and absence 
of inhibitor obtained by polarization method: 

Concentration  Tafel Parameters   
IE 

(%) 
PAE 

(mL) 
Zn2+ 

(ppm) 
Ecorr 

(mV vs SCE) 
Icorr 

(A/cm2) 
ba 

(mV/dec) 
bc 

(mV/dec) 
LPR 

(Ω cm2) 

0 0 -580 5.5431 × 10-5 116.23 110.88 963  
82 3 50 -603 1.0250 × 10-5 201.90 198.52 3130 

 

3.4. Analysis of AC impedance spectra: 
Nyquist representations of carbon steel in well water in the absence and presence of the inhibitor system 
are shown in Fig.2 AC impedance spectra have been used to detect the formation of film on the metal surface 
[16-21]. The impedance  parameters,  namely  charge transfer  resistance (Rct) and double layer capacitance 
(Cdl) are given in Table 5. 
When carbon steel is immersed in well water, Rctvalue is 3 91 Ω cm2and Cdlvalue is 1.3137 × 10-6μF/cm2. 
When PAE and Zn2+are added to well water, Rctvalue increases from3 9 1 Ω cm2 to 2 5 3 0 Ω cm2 and the 
Cdlvalue decreases from 1.3137 × 10-6μF/cm2to 0.0320 × 10-6μF/cm2. These results lead to the conclusion 
that a protective film is formed on the metal surface.The results obtained from Weight loss, 
Potentiodynamicpolarization study  and AC impedance study indicate that inhibition efficiency are not 
same. Because of similar immersion times are not used when obtaining inhibition efficiency from various 
methods [22]. 

 
Fig. 2. AC impedance of carbon steel immersed in well water 

a 

b 
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a) well water  
b) 3mL PAE + 50 ppm of Zn2+ + well water 

 

Table 5: Corrosion parameters of carbon steel immersed in well water in the presence and absence 
of inhibitor obtained by AC impedance spectra: 

PAE 
( mL)  

Zn
2 +

 
( p pm)  

Rct 

( Ω  cm
2

) 

CdI 

( μF /cm
2

) 

IE  
(%) 

0  0  3 9 1 1 .3 1 37  × 1 0
- 6

  
8 5 

3  5 0 2 5 30 0 .0 3 20  × 1 0
- 6

 
 

3.5. Scanning electron microscopy (SEM) 
SEM analysis was carried out to know additional information about the film Surface morphology of 
formation [23-24]. Figure 3.a shows polished carbon steel and Figure 3.b and 3.c show SEM photographs of 
carbon steel specimen in the absence and presence of the inhibitor system (3 mL of PAE and 50 ppm of 
Zn2+). It can be seen from Figure 3.b shows that the surface is severely corroded and there is formation of 
different forms of corrosion products (iron oxides) on the surface in the absence of inhibitor. It further 
shows that the corrosion products appear very uneven and the surface layer is too rough. Figure 3.c shows 
that the surface of carbon steel immersed in the inhibitor solutions are having smooth surfaces. It is 
important to stress that when the  inhibitor is present in the solution, the morphology of the carbon steel 
surface are quite different from the previous one. The protective layer is randomly observed on the mild 
surface and the interpretation is that due to adsorption of inhibitor on the carbon steel surface integrating 
into the passive film in an ordered manner has blocked the active site available in the metal surface of the 
carbon steel and thus corrosion process is inhibited. 
 

 
Fig.3. SEM images of  

a) polished Carbon steel  
b) carbon steel immersed in well water 
c) carbon steel immersed in 3mL of  PAE+ 50 ppm of Zn2+ +  well water 
 

4. CONCLUSIONS 
From the overall experimental results the following conclusions can be deduced: 
 The formulation consisting of 3mL of Pisonia Alba Extract (PAE)  and 50 ppm of Zn2+  offers 92% 

inhibition efficiency to carbon steel immersed inwell water. 
 When immersion period increases corrosion rate also increases. 
 Potentiodynamic polarization study reveals that Pisonia Alba Extract (PAE) is good inhibitor and act 

as mixed type inhibitor for carbon steel corrosion in well water. 
 AC impedance spectra reveals that double layer capacitances decrease with respect to blank 

solution when the plant extract is added. This fact confirms the adsorption of plant extract 
molecules on the carbon steel surface. 

 SEM studies confirms that protective film formed on the carbon steel surface and thus corrosion 
process inhibited. 
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