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Abstract- Corrosion inhibition of mild steel in an acidic environment using several 

concentrations of DNA from Manihot esculenta leaf (Cassava leaf) (MANIHOT ESCULENTA 

LEAFDNA) at different temperatures was examined using gravimetric analysis and linear 

polarization techniques. Three different isotherms (Langmuir, Freundlich and Flory-Huggins) 

were evaluated for their fitness to the experimental data. Based on the results, thermodynamic 

parameters regarding the DNA behaviour were calculated using the Freundlich adsorption 

isotherm because it gave the best description of the DNA inhibitor. The Freundlich adsorption 
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isotherm shows that the adsorption of the DNA inhibitor to the surface of mild steel is by 

physisorption and the data obtained from the thermodynamic assessment illustrates a 

spontaneous and exothermic corrosion process. The morphologies of the mild steel surfaces 

with and without inhibitor were assessed by scanning electron microscopy (SEM). The SEM 

results showed that the presence of the DNA inhibitor slowed down the corrosion process. The 

micrograph for MANIHOT ESCULENTA LEAFDNA inhibitor showed a near smoother surface 

at 10 °C and 20 mg/L and 25 °C and 20 mg/L thus confirming their provision of more active 

surfaces. However, it was observed that the DNA inhibitor efficiency increased with increased 

DNA concentration, with the best inhibitor efficiency (74.2%) obtained at 10 °C for 20 mg/L 

DNA concentration. A mechanism of adsorption was also proposed which was validated by 

the data obtained from XRD analysis. 

Keywords- Mild steel, MANIHOT ESCULENTA LEAFDNA, DNA inhibitor, gravimetric 

analysis, linear polarization  

 

1. INTRODUCTION  

Steels and their alloys exist with very high percentages in industrial sectors such as 

technology industry, and construction industries [1]. Mild steel is employed in most 

construction industries, owing to its strong feature that makes it an ideal choice for most 

construction industries. Mild steel has an excellent strong feature, it is hard and have the 

capacity to be bendable. They have the capacity to be welded into an interminable diverse of 

shapes in the construction of vehicles and ships parts. As a result of its exceptional properties 

like, high strong feature, hardness, easy availability and at a cheaper rate, mild steel possess 

extensive collection of uses in knives, armour, chains, hinges, pipes, magnets, military 

equipment, bolt and nut etc. [2]. However, when it is in interaction with destructive milieu, it 

could a lead to reduction in mechanical strength. The degradation of mild steel is inevitable 

when mild steel is visible to a destructive milieu under atmospheric condition; hence, the 

corrosion prevention methods is necessary. Different corrosion prevention method, like the 

application of corrosion inhibitors have been used in the past 3 decades. Apart from the 

application of corrosion inhibitors, alloying and de-alloying, organic and inorganic coating and 

electrochemical plating are other corrosion protection measures [3]. However, the employment 

of corrosion inhibitors has increasingly attracted the attention of scientists.  

The traditional inorganic inhibitors remain the preeminent choice in inhibitor packages. 

Inhibitors such as sodium silicates [4], sodium phosphates [5,6], molybdates [5], sodium 

chromates [6] and tungstates [7] have been used as inorganic corrosion inhibitors. Nonetheless 

the inorganic inhibitors like phosphate and chromate are consistently becoming the target of 

federal and local regulations as a result of environmental concerns [8]. Inorganic inhibitors 

such as calcium nitrate is recognised as an active corrosion inhibiting admixture for rebar 

corrosion quandary in concrete structure. However, the consequence of leaching of calcium 

nitrate in less dosage results to pitting corrosions of rebar in a milieu that contains chloride [9]. 

In addition, the passivation triggered by organic inhibitors has numerous benefits above the 



Anal. Bioanal. Electrochem., Vol. 11, No. 10, 2019, 1304-1328                                         1306 

 

passivation triggered by inorganic inhibitors. As an illustration, organic inhibitors evenly 

passivate the metal surface leading to a concentrated potential shield, whereas the passive 

layers of inorganic inhibitors are extremely cracked with porous, which consequently lead to 

localized corrosion of the metallic surface [8]. 

Organic compounds utilized as inhibitors could block anodic or cathodic region; sometimes 

they block the two regions, hence, averting metallic substrate from going through metal 

dissolution or hydrogen evolution responses with prevalence of layer-creating surface 

adsorption [10]. Organic inhibitors are most extensively utilized as a result of their easiness 

and simplistic creation; elevated shielding capability and ease of application in the corrosive 

milieu. Numerous types of organic corrosion inhibitors like drugs, extract from plants, 

polymeric compounds as inhibitors etc. have been used to prevent corrosion. The efficiency of 

these inhibitors is dependent on the grounds that they largely comprise of numerous 

heteroatoms with respect to their polar functional groups like COOH, -NH2, -COOC2H5, -OH, 

-NO2, -OCH3, -CONH2 and non-bonding and π-electrons by the nature of all-inclusive 

conjugation [11,12]. The polar functional groups, non-bonding and π-electrons behave as 

adsorption centres for the duration of metal-inhibitor interactivity. The adsorption inhibitor 

layers envelope the metallic materials from the corrosive milieus and shield them from 

dissolution [3]. The use of DNA is a new class of organic inhibitors that are scarcely researched. 

The sufficient yield and quality of DNA are very crucial for an innovative class of organic 

corrosion inhibitor. DNA is a negatively charged biomacromolecule due to its negative charge 

of its sugar phosphate backbone at physiological condition [13]. In comparison to other organic 

inhibitors, DNA take possession of more polar groups with coordination atoms. Studies have 

shown that sufficient coordination atoms of DNA resulted to robust adsorption on steel surface 

at precise conditions. Hu et al. [14] studied the influence of biomacromolecule DNA of salmon 

sperm as corrosion inhibitor on carbon steel in 1 M hydrochloric (HCl) solution. Their result 

revealed that the thorough inhibition effectiveness of DNA compound was about 91.9%. It was 

also established that the chemisorption of DNA inhibitor on carbon steel surface bring about 

single-molecular-stratum self-assembly. Agboola et al. [15] studied the utilization of DNA 

extracted from calf thymus gland as a shielding covering for 3CR12 stainless steel in HCl 

milieu. The potential mechanism of the inhibitor was studied at diverse conditions of 

temperature and concentration for the purpose of elucidating the impact of the inhibitor on the 

metal. The highest calf thymus gland (CTGDNA) inhibition effectiveness was accomplished at 

10 °C and at 20 mg/L. However, the multiplatform evaluation DNA extracted from calf thymus 

gland was not studied. Furthermore, no study has investigated the multiplatform evaluation of 

biologically extracted DNA from MANIHOT ESCULENTA LEAF (Cassava leaf) as corrosion 

inhibitor on any kind of steel. This study reports the multiplatform evaluation of a successful 

biologically extracted DNA from MANIHOT ESCULENTA LEAF (Cassava leaf) as corrosion 

inhibitor on mild steel in acidic medium. The use of DNA inhibitor from Manihot esculenta 
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leaf allows for the introduction of a common biomacromolecule into an acidic medium as a 

result of its negatively charged phosphate backbone. The multiplatform evaluation is based on 

corrosion efficiency, thermodynamic assessments, and the best isotherm model and inhibition 

mechanism. 

 

2. EXPERIMENTAL 

2.1. Materials 

Cassava vegetation were obtained from an indigenous farm in Abeokuta, Ogun State, 

Nigeria. Cetyltrimethyl Ammonium Bromide (CTAB) was used as purchased from Sigma-

Aldrich through Bristol Scientific Company Limited without any further treatment. 

Chloroform/Isoamyl alcohol, ammonium acetate, acetone and ethyl alcohol purchased from 

Sigma-Aldrich, are all of HPLC grade. The steel used for this study is mild steel and the 

elemental configuration of the mild steel is listed in Table 1. 

 

Table 1. Elemental Chemical Composition of Mild Steel 

 

Element  Fe C Si Mn Al Cr P S Ni 

%Composition 99.2 0.15 0.17 0.43 0.006 0.001 0.02 0.033 0.007 

 

2.2. Preparation of DNA from MANIHOT ESCULENTA LEAF (Cassava leaf) 

The midribs of the cassava leaves were first removed and then the leaves put in a mortar. 

Then dry ice was added, they were then grinded to form paste. 4.0 g of the paste was weighed 

into each 15 ml centrifuge tube using a spatula and 10 ml of the CTAB buffer solution was 

added to the paste using micro pipette. This was left to incubate at 37 °ْC and later spun at 4000 

rpm for 15 min. The supernatant formed was carefully poured from the tubes into 6 other tubes 

while the residue was discarded. 5.0 ml of chloroform /Isoamyl alcohol in ratio 24:1 was added 

into the tubes containing the supernatant using the micro pipette and spun at 4000 rpm for 15 

minutes. The organic phase i.e. the supernatant or upper layer was discarded and the step above 

was repeated again. 

1 ml of ammonium acetate was then pipetted into the tubes and 10 ml of ice cold absolute 

ethanol was also added, the DNA can be seen to have precipitated by the cloudy solution 

observed. The tubes were spun at 4000 rpm for minutes and the DNA pellet was seen to have 

formed at the bottom of the tubes. The supernatant was poured out in the opposite direction of 

the slanting DNA pellet. 5 ml of cold 70% ethanol was poured into the tubes and spun at 4000 

rpm for 3-4 min. The supernatant was thrown away and the tubes were positioned in the centric 

valve to dry and remove excess ethanol. The DNA was then dissolved by adding illusion buffer 

i.e. double-distilled water. After dissolution, the dissolved DNA contained in each tube was 
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transferred into just one tube. The concentration of the DNA was extracted and its purity was 

measured using a Nanodrop Spectrophometer and the unit of its concentration was given in 

nanogram per microliter. The purity of the DNA was also in the ratio 260/280 and it is 

dimensionless. 

 

2.3. Preparation of Inhibitor Concentrations  

From the stock solution i.e. the concentration of DNA (0, 5, 10, 15 and 20 mg/L) extracted 

and used in the acidic medium were obtained using Eq. 1: 

1 1 2 2C V C V=                                   (1) 

where C1 is the concentration of the DNA extract measured using the Nanodrop 

spectrophotometer, V1 is the unknown volume of DNA solution needed to obtain desired 

concentration, C2 is desired concentration of DNA (ranging from 5-20 mg/L) and V2 is the 

desired volume of solution of both 1 M HCl and DNA. 

Hence, 2 2
1

1

C V
V

C
=                                  (2) 

Therefore, V2–V1=volume of 1 M HCl in which V1 of DNA is dipped to have 

concentrations of 5, 10, 15 and 20 mg/L of DNA in the corrosive medium. 

 

2.4. Gravimetric analysis 

The standard gravimetric analysis was used in carrying out the corrosion experiment. The 

metal coupons were cleaned and polished using the different grades of emery/sand paper from 

the roughest to the smoothest. Thereafter, the metal coupons were successively ridden of 

impurities by rinsing with ethanol, acetone and distilled water, after which they were left to air 

dry for 6 minutes. While drying, the water bath employed to control the temperature was set to 

the desired temperature. 1 M HCl was poured into 250 ml beakers and the beakers were 

positioned in the water bath, the level of water in the water bath was made to be at ¾ of the 

height of the beakers when placed in. The metal coupons were then weighed by means of a 

digital weighing balance. The inhibitor was measured using a 5 ml measuring cylinder and 

transferred into the beakers containing 1 M HCl. The metal coupons were suspended in the 

beakers for 8 h. The coupons were retrieved from the beakers, cleaned with ethanol and distilled 

water, air dried and then weighed by means of the digital weighing balance. The weight loss 

obtained from the weights was then used for the weight loss analysis. The weight loss (WL), 

corrosion rate (CR) and Inhibition efficiency (IE) are calculated thus: 

  ( )   ( )WL Initial Coupon Weight g Final Coupon Weight g= −     (3) 

o tW W
CR

SA t

−
=


           (4) 
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*

(%) 100
CR CR

IE
CR

−
=           (5) 

where   o tW and W  are the weights of the metal coupon with and without MANIHOT 

ESCULENTA LEAFDNA inhibitor separately, SA is the mild steel surface area in cm2 and t is 

the time of dipping the mild steel in the solution (hours). CR is the data of the corrosion rate in 

uninhibited solution and CR
* is the data of the corrosion rate in the inhibited solution [14]. 

 

2.5. Linear polarization resistance 

The software used was Nova software already installed on a PC, the set-up is made up of 

the PC, a potentiostat and the electrode system. The potentiostat transmits signals from the 

electrode system to the software that aids in interpreting them to graphs. Electrode system is a 

3-electrode system comprising of the working electrode (the metal coupon), contact electrode 

(made of graphite) and the reference electrode called a calumet glass electrode (made of 

potassium chloride). The metal coupons were polished and cleaned; weighed and put in a 

sample bag. 30 ml of HCl was measured into the 250 ml beaker. The experiment was carried 

out at temperatures 10 ْ °C, 25 °ْC, 48ْ °C, 55ْ °C and 70 °ْC and at each temperature the 

concentrations of the inhibitors used were 0 mg/L, 5 mg/L, 10 mg/L, 15 mg/L and 20 mg/L. 

For each concentration used, the amount dipped in HCl and the HCl used to make up the 30 ml 

were calculated from Equations 1 and 2. Masking tape was used to attach the metal to a copper 

wire and placed in the solution, the contact electrode was dipped in the solution too while the 

calome-electrode was placed on the metal in the solution. The metal coupons were retrieved 

and left to dry before putting back in the sample bag. The medium was changed before 

commencing another. The inhibition efficiency was computed using Equation 6. 

*

(%) 100
p p

p

R R

R


−
=            (6) 

 where 𝜂(%) represents the inhibition efficiency, Rp represents the polarization resistance in the 

presence of inhibitor and Rp
* represents the polarization resistance in the absence of inhibitor. 

 

2.6. Fourier-transform infrared (FTIR) spectroscopy  

The Fourier-transform infrared spectroscopy analysis of the cassava leave DNA was done 

by Vertex 70 v FTIR spectrometer connected to an IR microscope. Measurements were 

performed with the synchrotron off-line, using a conventional IR source with data acquisition 

based on two channel delta sigma ADCs with 24-bit dynamic range. 
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2.7. Scanning electron microscopy (SEM) 

The morphology and analyses of the level of performance of the mild steel were studied by 

utilizing SEM furnished with EDS. A TESCAN furnished with Oxford instrument X-Max was 

employed for the SEM/EDS analyses. The EDS spectra were attained by scanning through the 

surfaces of the mild steel for the purpose of determining the elements in the mild steel. 

 

2.8. X-Ray Diffraction 

The phase identification of the samples was carried out using X-Ray Diffraction (Rigaku, 

Ultima IV), at measuring conditions of 40 kV, 30 mA and K-beta filter. This equipment was 

employed to examine the diffraction patterns of the DNA at a non-stop scanning mode. 

 

3. RESULTS AND DISCUSSION 

3.1. FT-IR spectroscopy analysis 

It has been known that FTIR spectroscopy is a powerful tool for analysing the characteristics of 

deoxyribonucleic acid (DNA) irrespective of physical states, sample amounts and the molecular 

weight of DNA [16]. The DNA occurs in an inflexible A form, stretchy B form and in a left-

handed Z form [17]. For the purpose of analyzing the vibrational spectroscopy modes 

conforming to the structural peaks of Cassava DNA nucleobase, the vibrational spectra were 

measured by FTIR in vacuum condition as shown in Fig. 1. From the infrared spectra of the 

MANIHOT ESCULENTA LEAF (Cassava leaf), the band around 1320-1000 cm-1 is understood 

to originate from C-O and C-N stretch vibrations in deoxyribose and is allotted as a DNA maker 

band [18], which may indicate both right and left-handed helices [17,18]. The bands near 

1219.05 and 1018.45 cm−1 originate from the antisymmetric and symmetric vibrations of the 

2PO−  groups of the DNA [17,19,20] and are presume to arise from the backbone of the B form 

of the DNA. The band of MANIHOT ESCULENTA LEAFDNA does not fall within 920-930 and 

860-865 cm-1 and hence, does not reflect the phosphate-sugar backbone of Z and A [17] forms 

of the DNA. The 1643.41 cm-1 band could be allotted to a guanine and a thymine double-bond 

in-plane stretching vibration involving mainly the C=O carbonyls [21]. The band in the range 

of 1600-1585 cm-1 could be allotted to adenine single bond in the plane stretching vibration 

involving of C-C stretch of aromatics [21]. The bands in the range of 1335-1250  

cm-1 could be allotted to cytosine single bond in the plane stretching vibration involving of N-

O symmetric stretch of nitro compounds [22].  
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Fig. 1. Infrared spectra of cassava DNA 

 

3.2. Corrosion measurement study and the effect of temperature 

The gravimetric analysis of the mild steel in 1 M HCl solution consuming 8 h for each run 

under diverse temperature conditions (10 °C, 25 °C, 40 °C, 55 °C and 70 °C) are shown in Fig. 

2 and Table 2. It was observed from the investigation that the corrosion rate upsurges with an 

upsurge in temperature as revealed in Fig. 2a. Furthermore, the corrosion rate declines with 

cumulative concentration of MANIHOT ESCULENTA LEAFDNA inhibitor, this is an indication 

that the MANIHOT ESCULENTA LEAFDNA corrosion inhibitor is effective on mild steel and 

the highest inhibition efficiency attained was 74.29% at 10 °C and 20 mg/L of MANIHOT 

ESCULENTA LEAFDNA inhibitor (see Fig. 2b).  

 

    

 

Fig. 2. (a) Corrosion rate versus MANIHOT ESCULENTA LEAFDNA inhibitor concentration in 

1 M HCl for temperatures 10 ̊ C-70 ̊ C; (b) Corrosion inhibition efficiency versus concentration 

of MANIHOT ESCULENTA LEAFDNA inhibitor for temperature range of 10 ˚C-70 ˚C 
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Table 2. Data obtained from gravimetric analysis using MANIHOT ESCULENTA LEAFDNA 

inhibitor 

 
TEMP 

(⁰C) 

concentration of 

inhibitor (C)  

(mg /Litre) 

weight of 

coupon before 

immersion (W0) 

mg 

weight of 

coupon after 

immersion 

(W1) mg 

weight loss 

(W0-W1) 

mg 

corrosion rate 

(mg/cm2hr) 

inhibition 

efficiency 

(%) 

10 Blank 2197.6 2190.6 7 700 0.0000 

 5 2346.1 2341.0 5.1 510 27.14286 

 10 2380.2 2376.5 3.7 370 47.14286 

 15 2213.5 2210.9 2.6 260 62.85714 

 20 1996.2 1994.4 1.8 180 74.28571 

25 Blank 2234.4 2026.3 208.1 2601.25 0.0000 

 5 2200.3 2041.5 158.8 1985 23.69053 

 10 2305.2 2187.5 117.7 1471.25 43.44065 

 15 2259.8 2177.8 82 1025 60.59587 

 20 2292.0 2234.7 57.3 716.25 72.46516 

40 Blank 2004.9 1692.81 312.1 3901.25 0.0000 

 5 2170.2 1860.6 246.6 3082.5 20.98686 

 10 1987.2 1801.1 186.1 2326.25 40.37168 

 15 2217.2 2078.4 138.8 1735 55.52707 

 20 2346.1 2236.5 109.6 1370 64.88305 

55 Blank 2402.1 1733.6 668.5 8356.25 0.0000 

 5 1978.6 1426.8 551.8 6897.5 17.45699 

 10 2281.6 1853.5 428.1 5351.25 35.96111 

 15 2085.7 1755.9 329.8 4122.5 50.66567 

 20 2325.4 2050.2 275.2 3440 58.83321 

70 Blank 2517.0 1115.0 1402 17525 0.0000 

 5 2427.8 1237.8 1190 14875 15.12126 

 10 2154.1 1216.9 937.2 11715 33.15264 

 15 2407.2 1636.4 770.8 9635 45.0214 

 20 2464.1 1815.3 648.8 8110 53.72325 

 

In addition, Fig. 2b shows that the inhibition efficiency reduces with an upsurge in 

temperature at 5 mg/L of MANIHOT ESCULENTA LEAFDNA and upsurges as the concentration 

of MANIHOT ESCULENTA LEAFDNA upsurges. Hence, the inhibition efficiency upsurges 

steadily with concentration of inhibitors at all temperatures studied. 

Furthermore, there was continuous decrease in the rates of corrosion as the concentration of 

inhibitors upsurges, and a continuous increase in corrosion rates was observed as the 
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temperature upsurges (see Table 2). This behaviour is as a consequence of the reduction in the 

apparent activation energy (Ea) of the charge transmission response. The upsurge in 

temperature will improve the rate of H+ diffusion to the mild steel surface together with ionic 

mobility. The adsorbed hydrogen atoms block the cathodic region at a lower temperature, 

whereas the upsurge in the solution temperature led to desorption of hydrogen [23]. This type 

of hydrogen desorption results to an upsurge in the cathodic site and subsequently upsurges the 

rate of corrosion. Such a result confirms that MANIHOT ESCULENTA LEAFDNA inhibitors act 

as effective inhibitors at lower temperatures. 

 

3.3. Polarization Measurement 

Fig. 3 depicts the potentiodynamic polarization curves of MANIHOT ESCULENTA 

LEAFDNA Inhibitor in 1 M HCl solution without and with different concentrations of the 

MANIHOT ESCULENTA LEAFDNA Inhibitor. In addition, the data obtained during the linear 

polarization study is in given Table 3. Table 3 and Fig. 3 depict that there is no much changes 

in the corrosion potential (Ecorr) at the different concentration of MANIHOT ESCULENTA 

LEAFDNA Inhibitor for five different temperatures. Literature have shown that the inhibitor 

compounds can be categorised as either anodic or cathodic inhibitor depending on the shift in 

the value of the Ecorr and if the displacement in the value of Ecorr is >85 mV towards the anode 

and cathode, [24]; if otherwise, it is a mixed type of inhibitor [25]. For this study, the 

displacement in the value of Ecorr is <85 mV (0.085 V); hence, MANIHOT ESCULENTA 

LEAFDNA Inhibitor is a mixed type of inhibitor. The alteration in the current density, anodic 

and cathodic linear polarization slope are indication that the MANIHOT ESCULENTA 

LEAFDNA inhibitor governs the reactions at both anodic and as cathodic sites; hence, confirms 

a mixed inhibitor. These changes could be on the account of the adsorption of bio-

macromolecules MANIHOT ESCULENTA LEAFDNA inhibitor on the mild steel surface, anodic 

iron dissolution and cathodic hydrogen evolution [14]. 

In addition, the displacement shown Figs. (3a-3c) by virtue of the presence of inhibitor, 

show that the inhibitor is effective with inhibition efficiency of 79.2%, 63.5% and 56.4% at the 

conditions of 20 mg/L and 10 °C, 20 mg/L and 25 °C and 20 mg/L at 40 °C respectively. 

However, highest inhibition efficiency 79.2% was attained at the temperature of 10 °C and 20 

mg/L concentration which is in close agreement with the gravimetric analysis (74.3%) attained 

at the temperature of 10 °C and 20 mg/L concentration.  
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Fig. 3. Linear polarization curves (a) at 10 oC with and without MANIHOT ESCULENTA 

LEAFDNA Inhibitor (0-20 mg/L); (b) at 25 oC with and without MANIHOT ESCULENTA 

LEAFDNA Inhibitor (0-20 mg/L); (c) at 40 oC with and without MANIHOT ESCULENTA 

LEAFDNA Inhibitor (0-20 mg/L); (d) at 55 oC with and without MANIHOT ESCULENTA 

LEAFDNA Inhibitor (0-20 mg/L); (e) at 70 oC with and without MANIHOT ESCULENTA 

LEAFDNA Inhibitor (0-20 mg/L) 
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Table 3. Parameters from Linear Polarization Analysis for mild steel in 1 M HCl using 

MANIHOT ESCULENTA LEAFDNA inhibitor 

 

Temp. 

(˚C) 

Inhibitor 

Conc. 

(mg/L) 

Ecorr (obs) Corrosion 

current 

density 

(icorr) 

Corrosion 

rate 

(mm/year) 

Polarization 

resistance 

(Rp) 

Inhibition 

Efficiency 

(%) 

10 0 -0.58930 0.0010644 12.3680 25.6980 - 

 5 -0.58714 0.0009026 7.6137 35.1737 26.940 

 10 -0.59103 0.0007852 4.5655 49.1121 47.675 

 15 -0.58231 0.0005231 3.2164 76.4655 66.393 

 20 -0.57852 0.0002133 2.0211 113.9353 79.212 

25 0 -0.62581 0.0045423 52.7810 15.0590 - 

 5 -0.61852 0.0035291 48.3462 19.4235 22.266 

 10 -0.61518 0.0026823 34.7518 24.5325 38.616 

 15 -0.61024 0.0017184 24.2453 30.9127 51.285 

 20 -0.60983 0.0010021 13.4251 41.2078 63.456 

40 0 -0.61687 0.0076448 88.8320 8.5952 - 

 5 -0.61232 0.0050542 55.2365 10.9702 21.650 

 10 -0.60942 0.0028246 32.8331 13.8965 38.148 

 15 -0.60513 0.0015826 26.4236 16.6230 48.293 

 20 -0.60074 0.0010538 17.8665 19.7214 56.417 

55 0 -0.62027 0.0095124 97.0682 7.6136 - 

 5 -0.61853 0.0071352 62.4325 9.4233 19.205 

 10 -0.61442 0.0035642 40.3256 12.0235 36.677 

 15 -0.61052 0.0010685 32.7325 14.3236 46.846 

 20 -0.60924 0.0009426 20.3133 16.2569 53.167 

70 0 -0.62282 0.0091568 106.4000 6.4034 - 

 5 -0.65138 0.0080000 56.6080 7.4409 13.943 

 10 -0.67783 0.0078242 38.5040 9.8102 34.727 

 15 -0.68420 0.0051572 26.0570 10.8163 40.799 

 20 -0.68660 0.0033136 17.6080 12.6595 49.418 
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3.4. Morphological characterization  

The mild steel surface characterized by SEM is shown in Figs. 4 and 5. By virtue of the 

data attained from gravimetric analysis and potentiodynamic polarization; SEM was done to 

study the high-description micrographs of the mild steel samples before and after dipping in 1 

M HCl solution for 8 h without MANIHOT ESCULENTA LEAFDNA inhibitor (see Fig. 4) and 

with MANIHOT ESCULENTA LEAFDNA inhibitor (see Fig. 5) at the optimal concentrations at 

all temperatures.  

 

 

 

 

Fig. 4. Scanning Electron Microscopy of mild steel in the absence of MANIHOT ESCULENTA 

LEAFDNA inhibitor in the corrosive medium (a) 10 °C at 20 mg/L; (b) 25 °C at 20 mg/L; (c)  

40 °C at 20 mg/L; (d) 55 °C at 20 mg/L; (e) 70 °C at 20 mg/L 
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The mild steel surfaces in 1 M HCl solution without inhibitors is more scratched, more 

irregular and with few pores. With addition of MANIHOT ESCULENTA LEAFDNA inhibitor at 

20 mg/L, the surfaces of the mild steel depicted in Fig. 5 are shielded but still corroded in some 

degree. Nonetheless, the surface of the sample at 10 °C and 20 mg/L of MANIHOT 

ESCULENTA LEAFDNA inhibitor has more effect that is levelled than counterpart at higher 

temperatures. Hence, the corrosive outbreak at is substantially lessened by the adsorption of 

bio-macromolecules MANIHOT ESCULENTA LEAFDNA inhibitor at 10 °C and 20 mg/L and 

25 °C and 20 mg/L, demonstrating high shielding efficiency on the mild steel surface. Hence, 

the micrograph with MANIHOT ESCULENTA LEAFDNA inhibitor showed a near smoother 

surface at 10 °C and 20 mg/L and 25 °C and 20 mg/L. 

 

 

 

Fig. 5. Scanning Electron Microscopy of mild steel in the presence of MANIHOT ESCULENTA 

LEAFDNA inhibitor in the corrosive medium (a) 10 °C at 20 mg/L; (b) 25 °C at 20 mg/L; (c)  

40 °C at 20 mg/L; (d) 55 °C at 20 mg/L; (e) 70 °C at 20 mg/L 
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As a result of the excellent inhibition efficiency accomplished at 10 oC and 20 mg L−1 of 

MANIHOT ESCULENTA LEAFDNA inhibitor, the EDX spectra of the mild steel and control 

samples in HCl solution for 10 oC and 20 mg L−1 of MANIHOT ESCULENTA LEAFDNA 

inhibitor is depicted in Fig. 6. The surface of mild steels as a govern sample before the treatment 

with MANIHOT ESCULENTA LEAFDNA inhibitor (Fig. 4a) and after the treatment with 

MANIHOT ESCULENTA LEAFDNA inhibitor (Fig. 5a) display some smooth and nearly uniform 

surface. Fig. 6 shows the percentage of atomic contents of all elements in the mild steel before 

and after the treatment with the inhibitor. The EDX spectrum after the treatment with 

MANIHOT ESCULENTA LEAFDNA inhibitor established that the mild steel if free from the 

concentration of the Cl ion (See Fig. 6). This avert corrosion by means of its strong adsorption 

on mild steel; thereby, hindering its weak flaws and deterring the development of ferric chloride 

compounds [15]. 

 

 

 

Fig. 6. EDX spectra of the mild steel surface in 1 M HCl: (a) without MANIHOT ESCULENTA 

LEAFDNA inhibitor at 10 oC and 20 mg L−1 (b) with MANIHOT ESCULENTA LEAFDNA 

inhibitor at 10 oC and 20 mg L−1 

 

3.5. Thermodynamic assessment 

Several changes like swift etching, desorption of inhibitor and the inhibitor undergoing 

decomposition and/or redisposition, take place on the surface of the metal. These changes 

resulted to an extremely complicated consequence of temperature on the inhibited acid-metal 

response [26]. For the purpose of estimating activation thermodynamic variables of the 

corrosion reaction, the Arrhenius equation was employed. Arrhenius equation gives the 

relationship between corrosion rates (CR) and temperature (T) as: 

 log
2.303

aE
Log CR

RT
= − +                      (7) 
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where, CR=corrosion rate, aE =apparent activation energy, R= molar gas constant (8.314  

JK-1mol-1), T=absolute temperature, λ=pre-exponential factor. 

Arrhenius behavior was obtained by taking the logarithm of the corrosion rate gotten from 

gravimetric measurement against 1/T for blank solution and diverse concentrations of 

MANIHOT ESCULENTA LEAFDNA inhibitor is depicted in Fig. 7. It demonstrates that the aE

values the treatment of MANIHOT ESCULENTA LEAFDNA as inhibitor are higher in the blank 

solution than in other concentrations. The data obtained (see Table 4) is in accordance with 

reported data by Larouj et al. [27]. The increase in the aE at low inhibitor concentrations can 

be accredited to physical adsorption that takes place during the first phase of the process [27].  

Equation 8 gives the relationship between the constant of adsorption Kads and the standard free 

energy of adsorption, ΔG˚ads. 

( )0 55.5ads adsG RTIn K = −                                                                                                       (8) 

The following expression was employed in estimating the enthalpy of adsorption: 

0 0

ads adsG H
k

T T

 
= +                       (9) 

The standard adsorption entropy, 0

adsS was estimated using the equation 10. 

0 0 0

ads ads adsG H T S =  −                     (10) 

Fig. 8 gives a straight line from 
𝛥𝐺𝑎𝑑𝑠

0

𝑅
 versus T and −𝐼𝑛𝐾 is the slope and Kads will be In 

inverse of -slope. The values of Kads in Equation (8) were gotten from the equation of isotherm 

of best fit (which is Freundlich isotherm; see Fig. 9). The negativity of ΔG˚ads demonstrates that 

the layer adsorbed on the surface of the mild steel is steady and the process is also a spontaneous 

one (see Fig. 8). Usually, for values of 0

adsG  up to -20 kJmol-1, the adsorption type is 

physisorption whereas values of about -40 kJmol-1 and higher are related with chemisorption 

due to the transmission and sharing of pi-electrons of organic molecules to the surface of the 

metal to create a coordinate bond [28]. The negative data of 0

adsH  in 1 M HCl point out that 

the adsorption of MANIHOT ESCULENTA LEAFDNA inhibitor molecules on mild steel is an 

exothermic process. Exothermic adsorption process could be either chemisorption or 

physisorption while endothermic process is chemisorption [29]. Also, enthalpy of 

physisorption process is usually lesser than 41.86 kJmol-1 while that of chemisorption process 

is about 100 kJmol-1 [30]. In this study, the values of 0

adsH is -11.409 kJ mol-1 for MANIHOT 

ESCULENTA LEAFDNA inhibitor which is lower, hence, the process follows physisorption (see 

Table 5). The values of the adsorption entropy calculated in Table 5 were negative and this 

behavior confirms the thermodynamic principle where the exothermic adsorption process goes 

along with a reduction in the disorderliness of the system i.e. of the entropy.  
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Fig. 7. Arrhenius of mild steel corrosion in 1 M HCl in different concentrations (0-20 mg/L) 

of MANIHOT ESCULENTA LEAFDNA inhibitor 

 

Table 4. Activation parameter for the corrosion of mild steel in 1 M HCl in (0-20) mg/L of 

MANIHOT ESCULENTA LEAFDNA inhibitor at 5 mg/L interval 

 

Inhibitor Concentration 

(mg/L) 

Apparent Activation Energy (Ea) 

(Jmol-1) 

0 

5                                                                             

10                                                                           

15                                                                                  

20                                                                                  

                     41081.74 

42548.53 

42868.32 

44850.21 

47023.60 

 

 

 

 

Fig. 8. Relationship between ∆Gads/R and T for adsorption of MANIHOT ESCULENTA 

LEAFDNA inhibitor on mild steel 
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Table 5. Thermodynamic parameters for the adsorption of MANIHOT ESCULENTA 

LEAFDNA inhibitor on mild steel in 1 M HCl at different temperatures 

 

Temperature 

(K) 

Standard free energy of 

adsorption (∆G˚
 ads) 

(Jmol-1) 

Enthalpy Change 

(∆H˚ads) (Jmol-1) 

Entropy Change 

(∆S˚ads) (Jmol-1K-1) 

283 -3644.43 -11409 -27.4366 

298 -3167.18 -11409 -27.6571 

313 -3002.26 -11409 -26.8586 

328 -2377.28 -11409 -27.5357 

343 -1969.21 -11409 -27.5213 

 

3.6. Adsorption isotherm 

The extracted DNA inhibit the corrosion process via adsorption on the surface of the mild 

steel. Usually, the adsorption of inhibitor (Iads) is a displacement response comprising of the 

elimination of ‘‘x’’ number of the absorbed molecules of water from the mild steel surface; 

with respect to equation 11. For all the adsorption isotherms, adsorption is dependent on the 

inhibitor structure, the nature and type of the metal surface, pH of the corrosion milieu, the 

process temperature, and the electrochemical prospective of the metal-solution boundary [23]. 

2 2aq ads ads aqI xH O I xH O+ → +                   (11) 

For the purpose of obtaining the isotherm, the fractional surface coverage data θ with 

respect to the inhibitor concentration needed to be attained. Three different adsorption 

isotherms (viz., Langmuir, Freundlich and Flory-Huggins) were studied.  

The Langmuir isotherm is characterised by equation 12. The Freundlich isotherm is 

characterised by equation 13 and The Flory-Huggins isotherm is characterised by equation 14. 

1

ads

C
C

K
= +                      (12) 

adsln lnK nlnC = +                     (13) 

ln ln (1 )ads

C
K n 


= + −                    (14) 

where C stands for the concentration of the inhibitor, adsK  stands for the equilibrium constant 

of the adsorption process, and surface coverage is represented by 𝜃. 

The surface coverage and the concentration of MANIHOT ESCULENTA LEAFDNA were 

examined by fitting to a number of isotherms like: Langmuir, Freundlich and Flory-Huggins at 

different temperature. The data used for the three isotherms is given in Table 6. Fig. 9b shows 
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that the best fit was found with Freundlich isotherm. The plot of LN θ against LN C in Fig. 9b 

produces a straight line with regression coefficient (R2) almost equal to unity for all the studied 

temperatures. This advocates that MANIHOT ESCULENTA LEAFDNA inhibitor conformed by 

the Freundlich isotherm for the five temperatures studied. However, the plot of C/θ against C 

(see Fig. 9a) and the plot of LN (θ/C) against LN (1- θ) (See Fig. 9c) for Langmuir and Flory-

Huggins respectively; yield a straight line with regression coefficient (R2) almost equal to unity 

for temperatures of 10 °C, 25 °C and 40 °C. This means that MANIHOT ESCULENTA 

LEAFDNA inhibitor obeyed the Langmuir and Flory-Huggins Isotherms at lower temperatures 

of 10 °C, 25 °C and 40 °C.  

 

Fig. 9. Adsorption isotherms (a) Langmuir isotherm fit for the adsorption of MANIHOT 

ESCULENTA LEAFDNA inhibitor on mild steel for temperatures of 10 ˚C-70 ˚C; (b) Freundlich 

isotherm fit for the adsorption of MANIHOT ESCULENTA LEAFDNA inhibitor on mild steel 

for temperatures of 10 ˚C-70 ˚C; (c) Flory-Huggins isotherm fit for the adsorption of 

MANIHOT ESCULENTA LEAFDNA inhibitor on mild steel for temperatures of 10 ˚C-70 ˚C 

 

However, the adsorption is not supported or described by Flory-Huggins isotherm; hence, 

the reason for the large error bars. Since the values of Kads in Equation (8), used for the 

calculation of thermodynamic assessment were gotten from the equation of isotherm of best fit 

(which is Freundlich isotherm). Table 7 gives the data calculated from Freundlich isotherm 

model for mild steel in 1 M HCl using MANIHOT ESCULENTA LEAFDNA inhibitor. The 



Anal. Bioanal. Electrochem., Vol. 11, No. 10, 2019, 1304-1328                                         1323 

 

negative values ΔG˚ads in Table 7 indicates that the layer adsorbed on the surface of the mild 

steel is sturdy and the process is a spontaneous process. 

 

Table 6. Data used for Langmuir, Freundlich and Flory Huggins isotherm plots for MANIHOT 

ESCULENTA LEAFDNA inhibitor 

 

T(K) INHIBITOR 

CONCENTRATION 

(mg/L) 

 

LN (C) θ/C LN (θ) LN (θ/C) LN (1-θ) 

283 0 - - - - - 

 5 1.609438 

 18.42105 -1.30406 -2.91349 -0.31667 

 10 2.302585 

 21.21212 -0.75199 -3.05457 -0.63758 

 15 2.70805 

 23.86364 -0.46431 -3.17236 -0.9904 

 20 2.995732 

 26.92308 -0.29725 -3.29298 -1.35812 

298 0 - - - - - 

 5 1.609438 

 21.10548 -1.44009 -3.04953 -0.27037 

 10 2.302585 

 23.01991 -0.83377 -3.13636 -0.56988 

 15 2.70805 

 24.75416 -0.50094 -3.20899 -0.9313 

 20 2.995732 

 27.59947 -0.32206 -3.3178 -1.28972 

313 0 - - - - - 

 5 1.609438 

 23.82443 -1.56127 -3.17071 -0.23556 

 10 2.302585 

 24.76984 -0.90704 -3.20963 -0.51704 

 15 2.70805 

 27.01385 -0.5883 -3.29635 -0.81029 

 20 2.995732 

 30.82469 -0.43258 -3.42832 -1.04649 

328 0 - - - - - 

 5 1.609438 

 28.64182 -1.74543 -3.35487 -0.19185 

 10 2.302585 

 27.80782 -1.02273 -3.32532 -0.44568 

 15 2.70805 

 29.60585 -0.67992 -3.38797 -0.70655 

 20 2.995732 

 33.99441 -0.53046 -3.5262 -0.88754 

343 0 - - - - - 

 5 1.609438 

 33.06604 -1.88907 -3.49851 -0.16395 

 10 2.302585 

 30.16351 -1.10405 -3.40663 -0.40276 

 15 2.70805 

 33.31749 -0.79803 -3.50608 -0.59823 

 20 2.995732 

 37.22783 -0.62132 -3.61706 -0.77053 
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Table 7. Data calculated from Freundlich isotherm model for mild steel in 1 M HCl using 

MANIHOT ESCULENTA LEAFDNA inhibitor 

 

T(K) 1/T(K-1) ln(Kads) Kads ∆G˚
 ads 

(Jmol-1) 

∆G˚
 ads/T 

 

R2 

283 0.003534 -2.4676 0.08479 -3644.43 -12.8779 0.9960 

298 0.003356 -2.7381 0.06469 -3167.18 -10.6281 0.9960 

313 0.003195 -2.8627 0.05711 -3002.26 -9.5919 0.99 

328 0.003049 -3.1447 0.04308 -2377.28 -7.24781 0.986 

343 0.002915 -3.3259 0.03594 -1969.21 -5.74112 0.982 

 

3.7. Mechanism of MANIHOT ESCULENTA LEAFDNA Inhibition 

The DNA of MANIHOT ESCULENTA LEAF conveys facts regarding the structure and the 

inhibitive function on the mild steel. Deoxyribonucleic acid in plant, is confined inside the 

lamina-bound cell arrangements of the nucleus, mitochondria and chloroplasts. DNA has quite 

a lot of exceptional characteristics amongst elemental molecules. DNA is a modest molecule, 

comprising of four nucleotides. Each nucleotide has a five-carbon sugar (deoxyribose), a 

phosphate, and one of four likely nitrogenous bases: the double-ringed purines of adenine (A) 

and guanine (G) and the single-ringed pyrimidines of thymine (T) and cytosine (C) (see Fig. 

10).  

An illumination of the mechanism of MANIHOT ESCULENTA LEAFDNA inhibition entails 

the comprehensive understanding of the interactivity amid the shielding of the four MANIHOT 

ESCULENTA LEAFDNA nucleotides (T, A, G, and C) inhibitor and the mild surface. The 

adsorption of MANIHOT ESCULENTA LEAFDNA inhibitor components on mild steel can be 

vividly demonstrated through the consideration of the exothermic adsorption process that was 

observed in Table 5. The detailed of the precise mechanism of corrosion inhibition of 

MANIHOT ESCULENTA LEAFDNA inhibitor components to the surface of mild steel specimen 

is represented by Equations 15-17: 

( )
ads

Fe TAGC Fe TAGC+                                (15) 

( ) 2 ( )
ads

Fe TAGC Fe TAGC ne+ − + +                             (16) 

2 2( )aq ads ads aqTAGC xH O TAGC xH O+  +                             (17) 

The chemisorption of MANIHOT ESCULENTA LEAFDNA inhibitor nucleotides (A, G, T 

and C) on mild steel is represented by the donor-acceptor interactivities amid the base pairs of 

the electron from the MANIHOT ESCULENTA LEAFDNA hydrogen bonds between 

complementary organic bases and the d-orbitals of Fe. The data of standard free energy of 
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adsorption from the MANIHOT ESCULENTA LEAFDNA was from -3644.43 J·mol−1, -3167.18, 

-3002.26, -2377.28 and -1969.21 for the temperature of 10 °C, 25 °C, 40 °C, 55 °C and 70 °C 

respectively. These values settles the fact that the adsorption mechanism of the MANIHOT 

ESCULENTA LEAFDNA inhibitor nucleotides (A, G, T and C) on the surface of the mild steel 

specimen was chemically adsorbed. The inhibition of corrosion starts by the displacement of 

H2O molecules by the inhibitor’s capability in the direction of precise adsorption of the 

inhibitor on the mild steel surface [31,32]. Additionally, the transmission of MANIHOT 

ESCULENTA LEAFDNA inhibitor molecules has the capability to be adsorbed at the mild steel 

cathodic sites for the purpose of struggling with the hydrogen ions. Thus, the adsorption of 

transmission of MANIHOT ESCULENTA LEAFDNA inhibitor molecules drops the advancement 

of the degree of the response of hydrogen sideways with the oxidation mild steel resulting to 

physisorption [15]. 

 

 

 

Fig. 10. Proposed mechanism for the adsorption of MANIHOT ESCULENTA LEAFDNA 

inhibitor molecules on the mild steel surface in HCl milieu 

 

3.8. XRD Analysis 

XRD analysis was done for the purpose of confirming the proposed inhibition mechanism. 

Bearing in mind that the excellent inhibition effectiveness was accomplished at 10 oC and 20 

mg L−1 of MANIHOT ESCULENTA LEAFDNA inhibitor; hence, the XRD analysis was 

examined at 10 oC and 20 mg L−1 of MANIHOT ESCULENTA LEAFDNA inhibitor to validate 

the inhibition mechanism. XRD patterns of the uninhibited sample and MANIHOT 
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ESCULENTA LEAFDNA inhibited sample of mild steel is depicted in Fig. 11. The intensity of 

inhibited sample is higher than the intensity of the uninhibited sample. In the 1 M HCl solution, 

the uninhibited mild steel sample suffered corrosion resulting to the formation of magnetite 

peaks due to iron oxides (Fe3O4 and FeOOH) [33], displaying at 2θ=43.34°, 50.0° and 74.30°. 

The high intense iron peak at 2θ=43.36°, 50.65° and 74.30° of inhibited sample is as a result 

of the absent of iron oxides. This transformation in peaks of inhibited mild steel advocates a 

complicated creation between iron and inhibitor components on mild steel surface [32]. This 

transformation validates that the mild steel is totally shielded from corrosion; in addition, the 

protective layer does not contain any oxide of iron [34]. Iron is a body centre cubic metal (BCC) 

metal, hence miller indices were calculated and values inserted in the Fig. 11. 

 

 

 

Fig. 11. XRD spectrum of mild steel corrosion in the absence and presence of MANIHOT 

ESCULENTA LEAFDNA corrosion inhibitor at 20 mgL−1 of MANIHOT ESCULENTA LEAFDNA 

corrosion inhibitor and 10 °C 

 

4. CONCLUSION 

This study investigated the multiplatform evaluation of MANIHOT ESCULENTA LEAFDNA 

as corrosion inhibitor on mild steel in 1 M HCl at different concentrations and temperatures. 

Gravimetric analysis, linear polarization measurements, SEM, FTIR and XRD were carried out 

in this study. Freundlich isotherm gave the best description of the DNA adsorption behavior 

on the metal surface. Inhibition efficiency increased with inhibitor/DNA concentration and the 

MANIHOT ESCULENTA LEAFDNA performance was lower at higher temperatures than 10°C 

where the best inhibition efficiency of 74.2% was obtained for 20 mg/L of DNA. The corrosion 

inhibitor adsorption-mechanism for MANIHOT ESCULENTA LEAFDNA on mild steel in the 

HCl medium was successfully proposed. 
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