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Abstract 

A corrosion inhibitor is a chemical compound that, when added to a gas or liquid, decreases 

the process of corrosion. Sulfaguanidine is a guanidine derivative of sulfanilamide antibiotic 

used in veterinary medicine, the gut but is well suited for the treatment of bacillary dysentery 

and other enteric infections and sulfonamides are active against Gram-positive bacteria and 

Gram-negative bacteria. In the present work I studied the effect of Sulfaguanidine (SFGD) 

type inhibitor on carbon steel corrosion in a corrosive medium (HCl). For this, I used the 

weight loss measurements to evaluate the data of corrosion rate and the results showed that 

SFGD performed excellently as a corrosion inhibition of metal type carbon steel in 

hydrochloric acid environment. The inhibition of corrosion of the used metal in present work 

in corrosive solution (3% HCl) at the temperature range of (30–60°C) and (0.002–0.008 M) 

was studied in the absence and presence of the SFGD inhibitor used in this experimental work. 

Corrosion rate decreased with an increase in inhibitor concentration, also it increased with an 

increase in temperature while the efficiency of inhibition increased with an increase in SFGD 

concentration. The efficiency reaches a maximal value of 16.79% at ....0 M at 30°C. The 

adsorption isotherm of inhibitor on metal surface used in this research was found to follow 

Langmuir, the kinetic–thermodynamic data and adsorption isotherms were used to evaluate 

the values of equilibrium constants (K).  

Keywords: carbon steel, sulfa drugs inhibitor, adsorption, corrosive solution, weight loss 

technique. 
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1. Introduction 

The profound process playing an active part in industry is corrosion, especially for alloys 

and metals. There are wide applications for mild or carbon steel in industries and 

petroleum applications, such as flow lines and down hole tubular [1–9]. Inhibitors of 

corrosion process represent enormous practical emphasis, being comprehensive employed 

in minimizing metallic waste and the inhibitor use is represent one of the best methods 

known of corrosion protection process in industrial field and the best way to resist 

corrosion growth [10–14]. Corrosive solutions such as HCl, H2SO4 and H3PO4, which 

ample used in petroleum arena is hydrochloric acid, for descaling of steel alloys in 
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addition hydrochloric acid solution represent one of the most corrosive environments as 

mention above hence, investigation corrosion inhibitors for metal type mild steel in HCl 

are important for its industrial meaning and its applications [15–17]. The utilization of 

inhibitors is one of the better methods defense or protection from corrosion [18, 20]. 

Compounds used as type of organic inhibitors act efficient figure through a process of 

adsorption on the metal surface, when the inhibitors includes the number for adhesion 

active centers in the molecule itself, their charge density, the molecule size, the adhesion 

mode [21–23]. In present work the mild steel protection oppose corrosion can be seen by 

addition of chemical materials in little quantity to corrosive environment which define an 

inhibitor of corrosion. Therefore, this combating take place by using inhibitors of 

corrosion based on an organic compounds containing in their structural nitrogen, sulphur 

and oxygen atoms functional groups [24–25]. The purpose of the present work was to 

study the effect of concentration of inhibitor and temperature of corrosive solution on the 

corrosion of carbon steel in the presence of SFGD as corrosion inhibitor. The chemical 

structure of SFGD inhibitor is shown below: 

 

2. Experimental work 

Runs of experimental were carried out in the absence and presence of inhibitor at variety 

values of temperature and concentration by using weight loss technique in (0.002, 0.004, 

0.006, 0.008 M) as a concentrations of corrosion inhibitor type SFGD in corrosive solution 

(3% HCl) at different temperature (30, 40, 50, and 60°С). The sample of carbon steel used 

in this research is a 2 cm
2
 exposure surface area. The chemical compositions (% wt) of 

sample Fe: 99.25%, Cr: 0.160%, C: 0.14%, Mn: 0.44%, Cu: 0.146%. The carbon steel 

sample was immersed in 100 cm
3
 acidic solution which placed in a glass flask, it was 

exposed for a time period of 6 hours. Weight losses data were determined in absence and 

presence of (SFGD), the corrosion rate units were (mg/cm
2
·h) in the present work. 

3. Results and discussion 

3.1 Measurements of weight loss  

The values of corrosion rates of sample mentioned above in corrosive solution represented 

by (3% HCl) as a temperature function without presence of (SFGD) and presence of 
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diverse concentrations of inhibitor are listed in Table 1 using weight loss technique. The 

values of rates of corrosion were calculated using the following equation: 

 CR = W1–W2/A×t (1) 

Where CR is corrosion rate (mg/cm
2
·h), W1 and W2 (mg) are the mass before and after 

submersion, A represent is the total surface area of sample (cm
2
), and t mean the time of 

experiment (hours). While values of inhibitors efficiency were determined using the 

following equation: 

 %IE = ( 0
RC –CR/ 0

RC )×100 (2) 

Table 1 and Figure 1 reveal the alteration of the degree of corrosion with inhibitor 

concentration at different values of temperature .The addition of inhibitor reduces the rate 

of corrosion. Figures 2,3 represents the effect of temperature on the corrosion amount & 

efficiency of the metal sample in erosive solution in presence of 0.008 mol/L & 

0.002 mol/L from inhibitor type SFGD, the degree of corrosion increases with temperature 

increasing and efficiency decreases with temperature increasing. Figure 4 represent the 

effect of inhibitor concentration of inhibitor on the efficiency and corrosion degree in 

corrosive solution at 30°C, the efficiency increases with concentration increasing of SFGD. 

 
Figure 1. Effect of the concentration of sulfaguanidine on the corrosion rate of carbon steel in 

hydrochloric acid at different temperature. 
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Table 1. Temperature effect and concentration of inhibitor on the corrosion process of metal sample in 

3% HCl. 

Inhibitor Type 
Temp. 

(°C) 

Conc. of inhibitor 

(M) 

Corrosion rate 

(mg/cm
2
·h) 

Efficiency 

(%) 

Nil 

30 . 9.9.1 – 

40 0 ...1 – 

50 0 8.10 – 

60 0 1.00. – 

SFGD 

30 

..... ..9.06 1...6 

....8 ...01. 18.68 

....7 ...8. 17..0 

....0 ....71 16.79 

8. 

..... ...090 00..1 

....8 ...87 89.70 

....7 ...9.9 91.08 

....0 ..9718 1..19 

0. 

..... 9.9..1 66.81 

....8 ..1807 80.95 

....7 ..6.. 85.34 

....0 ..088 01..6 

7. 

..... ...6.. 77.1. 

....8 ..1.7 70.38 

....7 ..070 74.00 

....0 9.1190 61.08 
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Figure 2. Effect of temperature on the corrosion rate & efficiency of carbon steel in 

hydrochloric acid in presence of 0.008 mol/L from sulfaguanidine. 

 
Figure 3. Effect of temperature on the corrosion rate & efficiency of carbon steel in 

hydrochloric acid in presence of 0.002 mol/L from sulfaguanidine. 



 Int. J. Corros. Scale Inhib., 2019, 8, no. 4, 1112–1122 1117 

    

 

 
Figure 4. Effect of inhibitor concentration of sulfaguanidine on the corrosion rate & efficiency 

of carbon steel in hydrochloric acid at 30°C.  

3.2 Effect of temperature and parameters of thermodynamic 

In acidic solutions (evolution of hydrogen), the degree of corrosion rises exponentially 

with raising temperature [22, 23]. Activation parameters for some systems perhaps 

predicted either from an Arrhenius equation (Eq. 3) [24–26]. 

 aR (exp / )–C A E RT  (3)  

The data of exposure coverage of metal sample surface () are useful during studying 

the mechanism of adsorption. When the sample surface portion covered is evaluated as a 

function of the inhibitor concentration at invariant temperature, adsorption isotherm could 

be estimated at equilibrium circumstance. In present study three adsorption isotherms were 

used, Langmuir adsorption isotherm (Eq. 4), Freundlich adsorption isotherm (Eq. 5), and 

kinetics – thermodynamics isotherm (Eq. 6). 

 C/ = 1/KL + C (4) 

 ln = lnKF + nlnC (5) 

 ln(/(1–)) = lnK ′ + ylnC (6) 

KL and KF are the equilibrium constants of Langmuir adsorption isotherm and 

Freundlich adsorption isotherm. While n is a power constant in Freundlich adsorption 

isotherm. In Eq. 6, K′ is a constant, and y expresses the number of inhibitor molecules 

filling one effective location. Values of y > 1 mean that the multilayer formation process of 

inhibitor on the sample surface used in this work. Values of y < 1 mean a given inhibitor 
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molecules will occupy or fill more than one effective site. Equations 4–6 can be 

represented graphically as shown in Figures 5, 6 and 7 for Langmuir, Freundlich 

adsorption, and kinetics–thermodynamics isotherms. Table 2 brings the adsorption 

parameters of thermodynamic for all mentioned above that got from graphical 

representations [27–29]. 

Table 2. Adsorption parameters of SFGD. 

Inhibitor 
T 

(°C) 
Langmuir isotherm 

Freundlich 

isotherm 
Kinetics isotherm 

SFGD 

 
KL 

(L/ml) 

0
adsG  

(kJ/mol) 

KF 

(L/ml) 
n   Ci (M) Ln A 

Ea 

(kJ/mol) 

     0 3.18 138.50 

30 0.0002 –11.34 1.28 18.05 0.002 3.56 217.50 

40 0.0003 –10.65 1.24 16.56 0.004 3.69 249.86 

50 0.0006 –9.13 1.42 10.10 0.006 3.73 260.03 

60 0.0008 –8.62 1.39 8.33 0.008 3.76 270.10 

 
Figure 5. Arrhenius plot of carbon steel in hydrochloric acid containing various concentration 

of sulfaguanidine that effect on the corrosion rate at different temperature (30–60°C). 
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Figure 6. Langmuir adsorption isotherm of sulfaguanidine on the corrosion rate of carbon 

steel in hydrochloric acid at different temperature. 

 
Figure 7. Freundligh adsorption isotherm of sulfaguanidine on the corrosion rate of carbon 

steel in hydrochloric acid at different temperature. 
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4. Conclusion 

The SFGD acts as efficient inhibitor for the corrosion of carbon steel which represent the 

sample used in present work in 3% hydrochloric acid medium, which acts as corrosive 

solution. When inhibitor concentration increasing, the efficiency of process increases and 

with increasing of temperature, the efficiency of inhibition or process decreases, maximum 

process efficiency for SFGD hit 97.61% at the upper concentration value of 0.008 M and 

temperature at 30°C. The adsorption on the surface of metal (carbon steel) of inhibitor used 

in this research followed Langmuir adsorption isotherm. Inhibitors containing in their 

structural nitrogen, sulphur and oxygen atoms functional groups, aromaticity, the possible 

steric effects have been reported as efficient inhibitor of corrosion. These compounds can 

adsorb on the surface of sample made of carbon steel.  
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