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Abstract 

The anti-corrosive properties of an aqueous extract of Chrysanthemum indicum flower (CIF) in 

controlling the corrosion of mild steel (MS) in simulated oil well water (SOWW) medium has 

been evaluated by the weight loss method and by electrochemical measurements. The various 

functional groups of the CIF was confirmed by Fourier transform infrared spectroscopy (FTIR) 

analysis. Weight loss method reveals that 10 mL of an aqueous extract (12% solution) of CIF 

offers a maximum corrosion inhibition efficiency of 93%. Electrochemical methods such as 

potentiodynamic polarization study and electrochemical impedance spectroscopy were used to 

study the mechanistic aspects of corrosion inhibition. The Hardness of a metal before and after 

immersion has been determined. The surface morphology was examined by scanning electron 

microscopy (SEM) and atomic force microscopy (AFM). The results show that the aqueous 

extract of CIF acts as a corrosion inhibitor. 
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Introduction 

Corrosion is a dangerous phenomenon due to its negative impacts. The petroleum industry 

spends huge money annually as lost revenues and maintenance cost which include corrosion 

prevention [1]. Other economic sectors like manufacturing, transporting, fabrication and 

construction are also faced with similar dilemma. Therefore, corrosion is a global menace, 

which requires enhanced solutions. However, one of the reliable ways of curtailing corrosion 

is by applying inhibitors because they appreciable minimize corrosion rate of materials 

[2, 3]. Several literature have exposed that the environmental toxicity of organic and 

inorganic corrosion inhibitors have encouraged researches to use green corrosion inhibitors, 

which have economic benefits as they are low cost and biodegradable [4, 5]. In addition, 
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they are ecofriendly, ecologically acceptable and sustainable resource [6]. A large number 

of green corrosion inhibitors have been studied as an alternative. Therefore, these natural 

products are becoming the subject of a wider range of investigations. 

Most of the effective inhibitors used in industry contain heteroatoms as oxygen (O), 

phosphorous (P), sulphur (S), nitrogen (N) or aromatic component having multiple bonds 

leading to an easier adsorption on the metal surface [7, 8]. Several researchers have devoted 

to corrosion inhibition by plant extracts [9, 10], essential oils [11, 12] and purified 

compounds [13], in order to study their properties and the inhibition mechanisms against 

mild steel corrosion. Many plant extracts such as Sesbaria grandiflora [14], Gleichenia 

linearis Burm. [15], Urtica dioica [16], Zanthoxylum alatum [17], Vinca rosea [18], etc., 

have been used against the degradation of material in the aggressive media. Additionally, 

most of these green products used as corrosion inhibitors are extracted using methanol, ethanol 

or aqueous solvent. Selvaraj et al. [19] found that Acorus calamus leaves extract obtained by 

ethanol extraction offered 92% inhibition efficiency with 0.5 M HCl at 300 ppm. Karthiga 

et al. [20] have evaluated the inhibitive action of the aqueous extract of 10 mL of beetroot 

extract offers 95% corrosion inhibition efficiency. Saedah and Al-Mhyawi [21] have found 

that the inhibitive action of the aqueous extract of the Juniperus plant on the mild steel 

corrosion in an H2SO4 medium have high inhibition efficiency. Kikanme et al. [22] have found 

that the inhibitive performance of aqueous Vigna unguiculata coat extract on the corrosion of 

pipeline steel in 0.5 M HCl solution. The extract was characterized using GC-MS analysis. 

The present research is focused on the effect of the aqueous extract of Chrysanthemum 

indicum flower (Figure 1) as a corrosion inhibitor for mild steel corrosion in simulated oil 

well water. Chrysanthemum indicum L. belongs to the family Asteraceae, widely distributed 

in Asia, mainly in Mongolia, China, Japan and Eastern Europe. Nowadays, most of these 

plants are cultivated as ornamentals in the whole world [23]. Based on traditional Chinese 

medicine and Ayurveda, the dried flower heads of Chrysanthemum plants are widely used 

for the treatment of common cold [24], fever, migraine, conjuctivities, eye irritation, 

hypertension, inflammation, ulcerative colitis, vertigo, ophthalmia with swelling as well as 

skin infections [25–27]. 

 

Figure 1. Chrysanthemum indicum flower. 
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The aim of the present work is to study the inhibition effect of aqueous extract of 

Chrysanthemum indicum flower extract as green corrosion inhibitor of mild steel in 

simulated oil well water. The mechanism of corrosion inhibition of mild steel in simulated 

oil well water was studied using weight loss method, electrochemical impedance 

spectroscopy and the potentiodynamic polarization. The morphology of the mild steel 

surface was examined by FTIR, SEM and AFM. 

Experimental 

Preparation of inhibitor 

12 g of shade dried Chrysanthemum indicum flower (CIF) was boiled with double distilled 

water. The extract was filtered and made upto 100 ml. This solution was used as corrosion 

inhibitor. 

Preparation of simulated oil well water (SOWW) 

In 100 mL of DD water, sodium chloride (3.5 g), calcium chloride (0.305 g) and magnesium 

chloride (0.186 g) are added. Just before experiment, add 0.067 g sodium sulfide and 0.4 mL 

of concentrated hydrochloric acid to generate hydrogen sulfide gas to form a simulated oil 

well water containing 100 ppm of H2S [28]. 

Preparation of mild steel (MS) 

Mild steel specimens (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 

acetone. 

Weight loss method 

Mild steel specimens in triplicate were immersed in 100 mL of the simulated oil well water 

containing various concentrations of the inhibitor (aqueous extract of Chrysanthemum 

indicum flower) for a period of 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 [29]. The difference between initial weight prior to 

deployment and final weight was used for calculation of corrosion rate by using the 

following formula [30].  

Corrosion rate, mdd = W/AT 

Where, mdd is corrosion rate expressed in terms of metal loss (mg) per decimeter square 

area per day, W is loss in weight (mg), A is area of panels (dm2) and T is exposure time 

(days). 

The inhibition efficiency was calculated using the relation. 

Inhibition efficiency = [(CR1–CR2)/CR1]·100% 
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Where, CR1 = corrosion rate in the absence of inhibitor, CR2 = corrosion rate in the presence 

of inhibitor. 

Electrochemical studies 

In the present work, corrosion resistance of MS immersed in various test solutions were 

measured by Polarization study and AC impedance spectra. All the experiments were done 

at room temperature. 

Polarization study 

Polarization studies were carried out in a CHI electrochemical work station with impedance 

model 660A. It was provided with iR compensation facility. A three electrode cell assembly 

was used. Mild steel was used as working electrode, platinum as counter electrode and 

saturated calomel electrode (SCE) as reference electrode. From polarization study, corrosion 

parameters such as corrosion potential (Ecorr), corrosion current (Icorr), Tafel slopes anodic = 

ba and cathodic = bc and linear polarization resistance (LPR) value were calculated [31]. 

AC Impedance spectra 

The same instrument and set-up used for polarization study was used to record AC 

impedance spectra also. A time interval of 5 to 10 min was given for the system to attain a 

steady state open circuit model. The real part (Z´) and imaginary part (–Z´́ ) of the cell 

impedance were measured in Ohms at various frequencies. AC impedance spectra were 

recorded with initial E(V) = 0, high frequency (1–105 Hz), low frequency (1 Hz), amplitude 

(V) = 0.005 and quiet time (s) = 2. From Nyquist plot the values of charge transfer resistance 

(Rt) and the double layer capacitance (Cdl) values were calculated. The equivalent circuit 

diagram (Figure 2) for metal solution interface is presented below [32]. 

 

Figure 2. Equivalent circuit diagram. 

Where, Cdl = double layer capacitance, Rs = solution resistance, Rt = charge transfer 

resistance. 

FTIR spectra 

FTIR spectra were recorded in a Perkin-Elmer “Spectrum Two” spectrophotometer. The film 

was carefully removed, mixed thoroughly with KBr made in to pellets and FTIR spectra 

were recorded. 
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Vicker hardness 

The mild steel specimens immersed in various test solutions for one day were taken out, 

rinsed with double distilled water, dried and subjected to Vicker hardness. The Vicker 

hardness measurements of the mild steel surface were carried out by Shimadzu make model 

HMV-2T. 

Surface characterization study 

The mild 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 

metal surface was analyzed by surface characterization studies such as scanning electron 

microscopy (SEM) and atomic force microscopy (AFM). 

Scanning electron microscopy (SEM) 

The mild steel specimens immersed in various test solutions for one day were taken out, 

rinsed with double distilled water, dried and subjected to the surface examination. The 

surface morphology measurements of the mild steel surface were carried out by scanning 

electron microscopy (SEM) using CAREL ZEISS make model EVO-18. 

Atomic force microscopy (AFM) 

The mild steel specimens immersed in various test solutions for one day were taken out, 

rinsed with double distilled water, dried and subjected to the surface examination. The 

surface morphology measurements of the mild steel surface were carried out by atomic force 

microscopy (AFM) using SPM Veeco diInnova connected with the software version V7.00 

and the scan rate of 0.7 Hz. 

Results and Discussion 

A green corrosion of an aqueous extract of Chrysanthemum indicum flower (CIF) has been 

used to control the corrosion of mild steel in presence of simulated oil well water (SOWW). 

The findings will be useful in petroleum technology. These inhibitors may be added to oil 

well water carried by pipelines made of mild steel. 

Weight loss method 

Inhibition efficiency (IE%) and corrosion rate (CR) values calculated from the weight loss 

method [33] for mild steel with the absence and presence of different concentrations of (CIF) 

at room temperature are summarized in Table 1. From Table 1, it is evident that as the 

concentrations of inhibitor increases, inhibition efficiency increases and corrosion rate 

decreases. The maximum inhibition efficiency of 93% was attained for mild steel when 

immersed in 10 mL of extract concentration. That is oxidation of mild steel is decreased by 

the coverage of active molecules from the inhibitor on the metal surface.  
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Table 1. The corrosion rate and the inhibition efficiency of MS in SOWW medium in different 

concentrations of inhibitor (CIF). 

Volume of inhibitor (CIF) mL Corrosion rate (CR) mdd IE% 

0 14.55 – 

2 3.64 75 

4 3.26 78 

6 2.76 81 

8 1.75 88 

10 1.02 93 

Electrochemical study 

Analysis of polarization study 

The MS specimen was immersed in SOWW solution containing 10 mL CIF and CIF-free 

solution at room temperature. Potentiodynamic polarization measurements were obtained. 

The curves obtained are presented in Figure 3. Electrochemical parameters such as corrosion 

potential (Ecorr), Tafel slope (bc, ba), linear polarization resistance (LPR) values and corrosion 

current (Icorr) values are given in Table 2. 

It is observed from the Table 2 that when mild steel is immersed in SOWW, the 

corrosion potential is –831 mV vs SCE, the LPR value is 501 Ohm·cm2 and corrosion 

current value is 7.688·10–5 A/cm2. It is inferred from the Table 2 that in presence of 

inhibitor, the corrosion potential is shifted from –831 to –924 mV vs SCE. In the presence 

of inhibitor, there is a shift in corrosion potential values when compared with the blank, in 

which difference is more than 85 mV. This proposes that CIF extract behaves predominantly 

as cathodic inhibitor [34–36]. The LPR value increases (Table 2) from 501 to 786 Ohm·cm2. 

The corrosion current decreases from 7.688·10–5 to 4.65·10–5 A/cm2. These observations 

confirm that a protective film is formed on the metal surface. This controls the corrosion of 

metal. 

Table 2. Corrosion parameters of MS immersed in SOWW in the absence and presence of inhibitor (CIF) 

obtained by polarization study. 

System 
Ecorr 

mV vs SCE 

bc 

mV/decade 

ba 

mV/decade 

LPR 

Ohm·cm2 

Icorr 

A/cm2 

SOWW –831 150 216 501 7.688·10–5 

SOWW +  

10 mL CIF 
–924 138 216 786 4.654·10–5 
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Figure 3. Polarization curves of mild steel immersed in various test solutions (a) SOWW, (b) 

SOWW + inhibitor (CIF). 

Analysis of AC impedance spectra 

AC impedance spectra (electrochemical impedance spectra) have been used to confirm the 

formation of protective film on the metal surface [37–39]. If a protective film is formed on 

the metal surface, charge transfer resistance (Rt) increases, double layer capacitance value 

(Cdl) decreases and impedance [log(Z/Ohm)] value increases. The phase angle value 

increases. The AC impedance spectra of mild steel immersed in SOWW in presence and 

absence of inhibitor (CIF) are shown in Figure 4 (Nyquist plot) Figure 5 (a, b) (Bode plots).  

The AC impedance parameters namely charge transfer resistance (Rt) and double layer 

capacitance derived from Nyquist plots are given in Table 3. The impedance values derived 

from Bode plots are also given in Table 3. It is observed that when the inhibitor (CIF) is 

added, the charge transfer resistance value increases from 15.96 Ohm·cm2 to 

40.63 Ohm·cm2. The Cdl value decreases from 3.194·10–7 F/cm2 to 1.255·10–7 F/cm2. The 

impedance value increases from 1.403 to 1.755. The phase angle value increases from 23.00 

to 29.58. These results lead to the conclusion that a protective film is formed on the metal 

surface. 

 

Figure 4. AC impedance spectra of mild steel immersed in various test solutions (Nyquist 

plot): (a) SOWW; (b) SOWW + inhibitor (CIF). 
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Figure 5a. AC impedance spectra of mild steel immersed in SOWW (Bode plots). 

 

Figure 5b. AC impedance spectra of mild steel immersed in SOWW + Inhibitor (CIF) (Bode 

plots). 

Table 3. Corrosion parameters of mild steel (MS) immersed in SOWW in the absence and presence of 

inhibitor (CIF) obtained by the impedance spectra.  

System 

Nyquist plot Bode plot 

Rt 

Ohm·cm2 

Cdl 

F/cm2 

Impedance 

[Log(Z/Ohm)] 

Phase angle 

(degrees) 

SOWW 15.96 3.194·10–7 1.403 23.00 

SOWW +  

10 mL CIF 
40.63 1.255·10–7 1.755 29.58 
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FTIR spectra 

FTIR spectra have been used in corrosion inhibition study to analyze the protective film 

formed on the metal surface. A few drops of an aqueous extract of Chrysanthemum indicum 

flower were dried on a glass plate. A solid mass was obtained. The FTIR spectrum (Figure 6) 

of CIF extract shows characteristic peak to O–H stretching frequency appears at 3430.78 cm–1. 

C–H stretching frequency appears at 2929.37 cm–1. The peak at 1628.51 cm–1 corresponds 

to C=O stretching frequency of carbonyl group. The peak at 1409.91 cm–1 corresponds to 

C=C (aromatic ring) stretching frequency and C–H bending. The peaks at 1259.80 cm–1 and 

1073.41 cm–1 correspond to C–O stretching frequency. FTIR data indicate the presence of 

functional groups present in the aqueous extract of CIF. 

 

Figure 6. FTIR spectrum of pure aqueous extract of CIF evaporated to dryness. 

The FTIR spectrum of the protective film formed on the surface of the metal after 

immersion in the SOWW containing inhibitor CIF has shown in Figure 7. It is found that 

O–H stretching frequency has shifted from 3430.78 cm–1 to 3428.70 cm–1, C–H stretching 

frequency was disappeared, while C=O stretching frequency has shifted from 1628.51 cm–1 

to 1629.94 cm–1. The C=C stretching frequency has shifted from 1409.91 cm–1 to 

1382.95 cm–1. The C–O stretching has shifted from 1259.80 cm–1 and 1073.41 cm–1 to 

1119.65 cm–1 and 1021.78 cm–1 respectively (Table 4). The peak at 693.26 cm–1 is due to 

metal–oxygen bond. The FTIR spectral study leads to the conclusion that the protective film 

consists of Fe2+-CIF complex [40, 41]. 
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Figure 7. FTIR spectrum of protective film formed on the mild steel surface during the 

immersion in SOWW containing inhibitor (CIF). 

Table 4. The stretching frequency of various functional groups. 

Functional groups 
Stretching frequency, cm–1 

Extract (CIF) Protective film 

OH stretching 3430.78 3428.70 

C–H stretching 2929.37 – 

C=O stretching 1628.51 1629.94 

C=C (aromatic ring) stretching 

and C–H bending 
1409.91 1382.95 

C–O stretching 
1259.80 

1073.41 

1119.65 

1021.78 

Analysis of SEM 

The SEM images of various surfaces are shown in Figure 8. The SEM image of polished 

mild steel is shown in Figure 8(a). The SEM image of polished mild steel immersed in 

SOWW is shown in Figure 8(b). The SEM image of the polished mild steel immersed in 

SOWW and inhibitor (CIF) system is shown in Figure 8(c). The SEM image of polished 

mild steel is smooth. The SEM image of the mild steel in SOWW is found to be rough and 

the pits are visible on the mild steel surface. The SEM image of the mild steel in SOWW 

and inhibitor (CIF) system is smooth due to the formation of protective film. Thus SEM 

study is useful to know the smoothness of the protective film [42–44]. 
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Figure 8. SEM images of (a) Polished mild steel (b) mild steel immersed in SOWW (c) mild 

steel immersed in SOWW containing inhibitor (CIF). 

Analysis of Vicker hardness 

The Vicker hardness was measured for polished mild steel surface (system A), polished mild 

steel immersed in corrosive medium (SOWW) (system B) and polished mild steel surface 

immersed in corrosive medium (SOWW) containing the inhibitor (CIF) (system C). The 

values are given in Table 5.  

The Vicker hardness was measured for 25 g load and 50 g load at two places each. It is 

observed that for system A the hardness is high. For system B the hardness is low because 

the corroded surface contains iron oxide film which is porous and amorphous surface is very 

rough. Pits are noticed due to corrosion. For system C the surface is smooth, due to the 

formation of protective film. The hardness is in between that of system A and B. That is 

lower than that of polished metal but higher than that of corroded surface. The average 

hardness values are given in Table 6 and 7. Thus the Vicker hardness is used in corrosion 

inhibition study [45]. 
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Table 5. Vicker Hardness (HV) of various surfaces measured along L1 and L2. 

System Load S. No. L1 L2 HV 

Polished metal 25 g 1 29.27 30.04 52.7 

Polished metal 25 g 2 29.00 29.64 52.9 

Polished metal 50 g 1 35.50 36.10 72.7 

Polished metal 50 g 2 35.14 36.02 73.2 

Corroded metal 25 g 1 44.70 47.01 22.0 

Corroded metal 25 g 2 44.71 46.12 22.5 

Corroded metal 50 g 1 49.41 51.79 36.2 

Corroded metal 50 g 2 50.35 52.03 35.3 

Inhibited metal 25 g 1 33.71 35.82 38.3 

Inhibited metal 25 g 2 33.02 34.30 40.9 

Inhibited metal 50 g 1 36.05 37.93 67.7 

Inhibited metal 50 g 2 36.16 37.32 68.6 

Table 6. HV (average) for 25 g load. 

System HV, average 

Polished metal 52.8 

Corroded metal SOWW 22.25 

Inhibited metal CIF extract 39.6 

Table 7. HV (average) for 50 g load. 

System HV, average 

Polished metal 72.95 

Corroded metal SOWW 35.75 

Inhibited metal CIF extract 68.15 

Atomic Force Microscopic Studies 

The two dimensional AFM images of polished metal surface, corroded surface (immersed 

in SOWW) and the film protected metal (SOWW + inhibitor CIF solution) are shown in 

Figure 9a, Figure 9b and Figure 9c. The corresponding three dimensional images are shown 

in Figure 10a, Figure 10b and Figure 10c. The AFM parameters RMS (Rq) roughness (nm), 

Average (Ra) roughness (nm) and maximum peak-to-valley height (nm) were calculated. 



 Int. J. Corros. Scale Inhib., 2021, 10, no. 2, 783–800 795 

    

 

These values are given in Table 8, for polished mild steel, mild steel immersed in SOWW 

and mild steel immersed in inhibitor system. 

It is observed from the Table 8 that the RMS roughness of polished mild steel is 

116.89 nm. The average roughness is 98.65 nm. The maximum peak-to-valley height is 

477.84 nm. Analysis of Table 8 reveals that the RMS roughness value of mild steel 

immersed in SOWW is higher than that of the polished mild steel. This is due to corrosion. 

Thick nano film is formed on the metal surface. Similar is the case of average roughness and 

maximum peak-to-valley height. For the metal immersed in inhibitor system, the RMS 

roughness is less than that of the metal immersed in corrosive medium. Similar is the case 

in the case of average roughness and maximum-peak-to-valley height. This indicates that a 

protective film of nano scale is formed on the metal surface. This film protects the metal 

from corrosion [46]. 

 
Figure 9. (a,b,c) Two dimensional AFM images (a) polished MS; (b) MS immersed in 

SOWW; (c) MS immersed in SOWW containing inhibitor (CIF) system. 

 
Figure 10. (a,b,c) Three dimensional AFM images of the surface (a) polished MS; (b) MS 

immersed in SOWW; (c) MS immersed in SOWW containing inhibitor (CIF) system. 
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Table 8. AFM parameters of mild steel surface in the presence and absence of inhibitor (CIF) system. 

Sample 
RMS (Rq) Roughness 

(nm) 

Average (Ra) 

Roughness (nm) 

Maximum peak-to-

valley height (nm) 

Polished MS 116.89 98.65 477.84 

MS immersed in 

SOWW 
623.84 456.15 2901.5 

MS immersed in 

SOWW and 10 mL of 

CIF extract 

302.85 221.82 1255.2 

Conclusions 

• In this study, the anti-corrosive properties of an aqueous extract of CIF have been tested 

against the mild steel in SOWW medium. 

• The presence of phenolic group O–H, carbonyl group C=O, unsaturated group C=C, C–

O group and C–H group containing compounds with heteroatom has been identified in 

the aqueous extract of CIF.  

• Decrease in corrosion rate and increase in inhibition efficiency of mild steel in SOWW 

media was observed with the increase in concentration of CIF. The maximum inhibition 

efficiency of 93% was achieved for 10 mL of CIF. 

• The potentiodynamic polarization studies conclude that CIF performed as a cathodic type 

of inhibitor. 

• According to electrochemical impedance spectroscopy, there was an increase in 

polarization resistance (Rt) and decrease in double layer capacitance (Cdl). This behavior 

was found to be due to the formation of dense protective layer on the metal surface. 

• The hardness of the metal surface containing the protective film is in between that of 

polished metal and that of the corroded metal in SOWW. 

• Furthermore, microscopic studies including SEM and AFM have indicated the presence 

of smooth surface in case of inhibited mild steel when compared to the uninhibited 

samples. 

• The investigated aqueous extract of CIF acted as an efficient corrosive inhibitor of mild 

steel in SOWW medium. 
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