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Abstract In this work, Mild steel (MS) was investigated with microbial corrosion by two microorganisms: 

Staphylococcus aureus (S. aureus) and Bacillus subtilis (B. subtilis) in Cooling Tower Water (CTW) and is 

inhibited by a plant extract from Trachyspermum ammi for three weeks. Every week, weight loss (WL) of MS 

was examined. In the microbial system, thick biofilm was developed and WL increased every week gradually. 

In the presence of green inhibitor, WL was decreased significantly. This plant inhibitor was found to show more 

than 60% inhibition efficiency at 30 µL concentration. Electrochemical Impedence studies (EIS), Scanning 

Electron Microscopic analysis (SEM) images showed biofilm development in the microbial system and its 

prevention in the inhibitor system. Erythritol, 3-(Methylthio)-1-propanol, Methanamine, N-methoxy were the 

constituents found in the green inhibitor confirmed by Gas Chormatograpy–Mass spectrometric (GC-MS) 

analysis which might have been prevented the formation of biofilm to reduce corrosion. 

 

Keywords Microbial corrosion, Plant inhibitor, Electrochemical Studies, Scanning Electron Microscopic, X-ray 

diffraction analysis 

1. Introduction 

CTW was obtained from Mettur Thermal Power station for this study. Generally, microbes can be found 

everywhere around us. MS used in CTW could be attacked by microbes and cause corrosion. This corrosion 

would lead to the damage of the metals, spread of microbes, human health problems and economic issues. In 

this study, the naturally obtained, inexpensive plant extract (TA) was extracted by a simple method, soxhlet 

apparatus and used as green inhibitor. S. aureus and B. subtilis were innoculated in CTW system containing MS 

and extract from TA was used to find the inhibition of microbial corrosion. Scanning the review of Literature, 

many reports and studies are there in the field of biocorrosion but finding a suitable inhibitor for a particular 

biocorrosion is a challenge. In this paper, a suitable inhibitor is found. 
 

2. Review of Literature 

Table 1: Comparison of previous papers 

Year Author Plant extract Medium 

2009 Ostovari et al Henna HCl 

2013 Raja et al Neolamarckia cadamba  HCl 

2014 P. Slepski et al Mollasses HCl 

2014 Kumar et al Pterolobium hexapetalum 

and Celosia argentea 

Industrial water 

2015 Tuaweri et al Neem Salty water 

2016 Singh et al Aloe vera HCl 
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In the above literature papers, plant extracts were shown to be effective corrosion inhibitors for steel and other 

metal corrosion with good inhibition efficiency proved in WL and EIS methods. Moreover, it was noticed that 

increasing green inhibitor concentrations led to increasing inhibition efficiency. 

 

3. Materials and Methods 

CTW from Mettur thermal power station, MS coupons of 6 cm x 1 cm and 1 cm
2
 were exposed in WL and EIS 

analysis. TA seeds were obtained from the market, grounded to fine powder and extracted using Soxhlet 

apparatus.   

For Microbial corrosion and EIS analysis, Triplicates of Control systems and plant inhibitor system (separately 

for each microbes) were used. A system containing CTW, MS, Nutrient Broth (NB) medium and S. aureus, B. 

subtilis each microbes in separate conical flasks was the control system.  A system containing CTW, MS, 

Nutrient Broth (NB) medium and S. aureus, B. subtilis each microbes in separate conical flasks, innoculated 

with TA was the plant inhibitor system.  

The antibacterial assay was examined using 2 gram – positive bacterial culture. Well diffusion method was used 

to evaluate minimum inhibitory concentration of plant extract. Bacterial culture was spread on the sterilized agar 

medium in petri plates, then wells were made into the medium and filled with TA of the different 

concentrations. The plates were incubated for one day at 37 ºC. After 24 hours, the zone of inhibition was 

measured.  

 

4. Results and Discussion 

4.1. Minimum Inhibitory Concentration 

On the Nutrient agar medium, both microbes showed clear zone of inhibition. On the plates bearing agar 

medium swapped with S. aureus, the diameters of zone of inhibition were measured as 11, 13, 11, 12, 13 mm 

for negative, positive controls, 10, 30 and 50 ppm of inhibitor respectively. On the plates bearing agar medium 

swapped with B. subtilis, the diameters of zone of inhibition were measured as 10, 11, 10, 11, 12 mm for 

negative, positive controls, 10, 30 and 50 ppm of inhibitor respectively. TA showed inhibition of microbial at 30 

µL itself whose zone of inhibition was measured as 11 mm dia on an average.  

 

4.2. Weight Loss Method 

The mean weight loss of the blank system containing S. aureus was 0.078, 0.0803, 0.0897 g for weeks 1, 2, 3 

respectively. The corrosion rates were 16.63, 17.12, 19.12 mm/year respectively. This showed that the weight 

loss and the corrosion rate of the blank system increased slowly every week due to the biofilm development on 

the MS. The mean weight loss of the inhibitor system containing S. aureus with 30 ppm of TA was 0.0304, 

0.0316, 0.0326 g for weeks 1, 2, 3 respectively. The corrosion rates were 6.48, 6.73, 6.95 mm/year respectively. 

The inhibition efficiencies were 61, 61, 64 % respectively. This showed that there was reduction in the corrosion 

rate than the blank system.  

In the same way, the mean weight loss of the blank system containing B. subtilis was 0.0832, 0.0848, 0.0852 g 

for weeks 1, 2, 3 respectively. The corrosion rates were 17.73, 18.08, 18.16 mm/year respectively. This also 

showed that the weight loss and the corrosion rate of the blank system increased slowly every week due to the 

biofilm development on the MS. The mean weight loss of the inhibitor system containing B. subtilis with 30 

ppm of TA was 0.0327, 0.0365, 0.0377 g for weeks 1, 2, 3 respectively. The corrosion rates were 6.97, 7.78, 

8.03 mm/year respectively. The inhibition efficiencies were 61, 61, 60 % respectively. This showed that there 

was reduction in the corrosion rate than the blank system.  

Comparing the inhibitor systems of both microbes, more than 60% of Inhibition efficiency has been attained at 

30 µL of TA with inhibition efficiencies increased on an average as 84 and 79 % at the end of third week 

respectively. 
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4.3. Electrochemical Impedence 

 
 

 

(a)       (b) 

Figure 1: (a) Impedence and (b) TAFEL plots of MS in three systems after 12 days of immersion in CTW: (i) 

Blank, (ii) CTW / S. aureus, (iii) CTW / S. aureus/TA 

 

 

(c)                                     (d)   

Figure 2: (c) Impedence and (d) TAFEL plots of MS in three systems after 12 days of immersion in CTW: (i) 

Blank, (ii) CTW / B. subtilis, (iii) CTW / B. subtilis /TA 

The fig 1 (a, b) shows the Impedence and TAFEL curves of MS coupons in three different systems: (i) Blank 

contained MS in CTW, (ii) CTW / S. aureus – this system contained MS in CTW innoculated with S. aureus, 

(iii) CTW / S. aureus/TA – this is the inhibitor system which contained MS in CTW, S. aureus innoculated with 

TA. The fig 2 (c, d) shows the Impedence and TAFEL curves of MS coupons in three different systems: (i) 

Blank contained MS in CTW, (ii) CTW / B. subtilis – this system contained MS in CTW innoculated with B. 

subtilis, (iii) CTW / B. subtilis /TA – this is the inhibitor system which contained MS in CTW, B. subtilis 

innoculated with TA. 

Increase in corrosion rate and current density was found in the presence of microbes as the impedence curves 

showed a huge, defined capacitive loops (Fig 1a, 2c), whereas, in the presence of green inhibitor, they decreased 

significantly (Fig 1b, 2d).  
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4.4. SEM  Analysis 

 

 

 
  

(a) Blank  (b) Biofilm             (c) with Inhibitor 

Figure 3: SEM - MS in CTW (a) Blank system; (b) with B. subtilis; (c) Plant inhibitor 

Fig 3 shows (a) the Blank system containing MS in CTW, (b) MS immersed in CTW innoculated with B. 

subtilis, (c) MS immersed in CTW innoculated with B. subtilis and TA. The Blank system showed slight 

corrosion on MS (Fig 3a). The bacterial system showed biofilm development (Fig 3b). The Inhibitor system 

showed that TA was a good inhibitor (Fig 3c). 

 

4.5. GC-MS Analysis 

 
Figure 4: GC-MS showing constituents in TA 

The constituents present in TA was shown in Fig 4. In TA, Erythritol, 3-(Methylthio)-1-propanol, Methanamine, 

N-methoxy were found as anti corrosive compounds preventing corrosion on MS.  

 

4.6. XRD Analysis 

 
Figure 5: XRD - corrosion product of MS in 3 systems 

Fig 5 shows the XRD spectrum depicting MS in three systems: (a) Pure – CTW, (b) CTW / B. subtilis, (c) CTW 

/ B. subtilis / Inhibitor. Pure – CTW was the blank system that contained MS immersed in CTW, CTW / B. 

subtilis was the system that contained MS in CTW innocultaed with B. subtilis and CTW / B. subtilis / Inhibitor 

was the system that contained MS in CTW innocultaed with B. subtilis and TA. From the XRD data, it was clear 

that the corrosion inhibition on MS by TA was mainly due to the increased charge transfer resistance in the 
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inner layer of MS. XRD data was used to find the oxides in the corrosion products. Also, it pointed out the ferric 

and other inorganic chemical species that the microbes accelerated the formation of ferric and other complex 

products. 

 

5. Conclusion 

In this study, 30 ppm of the extract was sufficient to attain more than 60 % inhibition efficiency and thereby, 

increasing the concentration of inhibitor lead to increase in the inhibition efficiency. All the analytical data 

showed that the microbes were the main cause for corrosion on MS and could be inhibited by the green inhibitor 

at 30 µL of TA itself. 
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