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 Corrosion prevention by organic inhibitor was providing worldwide interest in order to 

manage and minimize the corrosion menace. This is due to the ability of this organic 
inhibitor to adsorb onto the metal surface and forms a thin film to give protection and a 

barrier for metal surface from corrosive species. Among this type of inhibitor, organic 

compounds containing element such as sulfur, oxygen, phosphorus and nitrogen are the 
most effective. The aim of this study is to analyze the effectiveness of benzyl 

triethylammonium chloride (BTC) as corrosion inhibitor for carbon steel in sulfuric 

acid medium. This study was carried out by weight loss method and surface 
morphology. The result revealed that the inhibition efficiency of this inhibitor increases 

up to 60% with the increment of its concentration but vice versa with temperature. This 

result was also proven by scanning electron microscope. The prevention mode of this 
inhibitor is found to follow Freundlich adsorption isotherm and the adsorption process 

obeying physisorption mechanism. Based on these analyses, it is concluded that BTC is 

potentially being used to prevent carbon steel in sulfuric acid medium. 
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INTRODUCTION 

 

In the corrosion protection technology, 

application of corrosion inhibitor plays major 

practices especially when involving acidic media. 

Among others prevention methods, corrosion 

inhibitor is considered the simplest method due to its 

easily synthesized and relatively cheap raw materials 

(Seifzadeh et al. 2013). Other factors made this 

technique convenient are the ability of these 

chemicals to provide electron cloud on present 

aromatic ring and its capability to have 

electronegative atoms like nitrogen, oxygen and 

phosphorus (Caliskan & Akbas 2011; Hegazy 2009). 

It is proven that most of the organic inhibitors are 

effectively adsorb onto the metallic compounds to 

form a layer of thin film and react as a barrier for 

corrosive media from attacking the metal surface. 

Compared to inorganic, organic inhibitor can control 

the corrosion reaction through passivating the anodic 

or cathodic region and most likely on both cell. 

Quaternary ammonium compounds are also 

considering as an organic inhibitor. These 

compounds naturally consist of N
+
 element with 

several forms of conjugate groups. Even though 

several study had been proposed on these compounds 

(Foss et al. 2010; Li et al. 2010), the used of benzyl 

triethylammonium compound is still rare in several 

acidic media. In this study, we introduce BTC as an 

organic inhibitor for preventing carbon steel material 

in the application of H2SO4 medium. Molecular 

structure of BTC is shown in Figure 1. The 

effectiveness of this inhibitor and the mode of 

protection have been analyzed by weight loss method 

and surface morphology. 
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Fig. 1: Chemical structure of BTC 

 

Methodology: 

Chemical composition (wt%) of API 5L carbon 

steel used in this study was 0.258 C, 0.466 Mn, 0.008 

S, 0.013 P, 0.044 Cr, 0.427 Si, 0.015 Ni, 0.019 Cu, 

0.002 Mo, 0.132 Al and  balance Fe. This carbon 

steel was mechanically cut to a coupon size of 10 x 

12 x 5 mm and ground by emery paper from 240 to 

1200 grade. At each grinding steps, this coupon was 

washed with distilled water and rinse with acetone. 

BTC was purchased from Sigma Aldrich Co. Ltd. 

and 1.0 M Sulfuric acid (H2SO4) solution was 

prepared from analytical grade using distilled water.  

Weight loss experiment was performed by using 

200 mL of 1.0 M H2SO4 in 250 mL Erlenmeyer flask 

with absence and presence of BTC material. BTC 

concentration range employed was 0.1 to 10.0 mM. 

Carbon steel coupons were immersed for 6 hours in a 

temperature-controlled bath and the experiment was 

performed at a temperature range of 25 to 55
o
C. 

After immersion, all coupons were withdrawn from 

the test solution, cleaned according to ASTM G1-03, 

and dried by blowing cold air. The weight loss was 

determined using an analytical balance. All results 

were reproduced in triplicate and the average values 

were considered. Surface morphology of tested 

samples was obtained using a scanning electron 

microscope (SEM) model Hitachi TM-1300. 

 

RESULTS AND DISCUSSION 

 

A. Weight Loss Measurement: 

Figure 2 shows the weight loss analysis of 

carbon steel coupons in 1.0 M H2SO4 with absence 

and presence of different BTC concentrations. The 

corrosion rates, CR from this test were calculated 

using equation 1; 

 

𝐶𝑅 =  
∆𝑊

𝐴𝑡
     (1) 

 

where ΔW is the average weight loss (g) of 

carbon steel coupons, A is the total exposed area of 

coupon (cm
2
) and t is the immersion time (h). Surface 

coverage, θ and inhibition efficiency, IE% were 

calculated based on equation 2 and equation 3, 

respectively: 

 

𝜃 = 1 −
𝐶𝑅

′

𝐶𝑅
             (2) 

 

𝐼𝐸 % = 100  1 −
𝐶𝑅

′

𝐶𝑅
              (3) 

 

where C
’
R and CR are the corrosion rates for the 

presence and absence of BTC, respectively.

 
(a)                                                                                                     (b) 

 

Fig. 2: Weight loss analysis for (a) corrosion rate and (b) inhibition efficiency as a function of concentration and 

temperature at (□) 25, (Δ) 40 and (○) 55
o
C. 
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The result in Figure 2(a) shows that the corrosion 

rate of carbon steel in 1.0 M H2SO4 with and without 

BTC, increased with the increasing of temperature. 

As can be seen, the corrosion rate increases rapidly 

with the temperature for all coupons immersed in less 

than 1.0 mM of BTC concentration. This result 

indicated that at 55
o
C and lower BTC concentration, 

the efficiency of this inhibitor to prevent corrosion 

reaction is unfavorable as compared to a moderate 

temperature at 25 and 40
o
C. However, the corrosion 

rates were continuously reduced with the increasing 

of BTC concentration at all temperature studied. As 

can be seen in figure 2(b), the inhibition efficiency 

for this carbon steel increases drastically up to 60% 

from lower BTC concentration to the highest 

concentration used at 10.0 mM for both 25 and 40
o
C. 

At 55
o
C, the inhibition efficiency of this inhibitor at 

10.0 mM was slightly reduced but the results of 

overall concentrations applied are almost unchanged.  

Increasing in inhibition efficiency as higher 

concentration used were probably due to a higher 

surface coverage of BTC molecules on the steel 

surface (Behpour et al. 2009). The analysis also 

confirmed that this inhibitor is able to prevent the 

steel surface from actively react with corrosive 

medium in the range of these temperatures studies. 

The increment of this surface coverage at higher 

concentration used was clearly related to the fact that 

the adsorption process takes place on the steel 

surface. The adsorption of this adsorbed will form a 

layer of thin film on the steel surface and stand as a 

barrier for protecting the steel. This coverage is seen 

to increase with applying more BTC concentration 

due to more inhibitor molecules in the medium. This 

result is seemed to be agreed with others similar 

group of quaternary ammonium compounds (Badawi 

et al. 2010; Li et al. 2010). 

The adsorption mechanism of this inhibitor can 

be represented as a substitution process between this 

molecule in the aqueous solution and the water 

molecules on the carbon steel surface, as equation 4 

(Idris et al. 2013), 

 

BTC(sol) + xH2O(ads) BTC(ads) + xH2O(sol)          (4) 

 

where BTC(sol) and BTC(ads) are the BTC 

molecules in the aqueous solution and adsorbed on 

the carbon steel surface, respectively. H2O(ads) is the 

water molecules on the carbon steel surface, H2O(sol) 

is the water molecule in the aqueous solution and x is 

the size ratio representing the number of water 

molecules replaced by BTC molecules. 

Further analysis for determining the activation 

parameter for dissolution process was carried out by 

using the Arrhenius equation as equation 5; 

 

𝐶𝑅 = 𝜆exp  −
𝐸𝑎

𝑅𝑇
             (5) 

 

where CR is corrosion rate, λ is Arrhenius pre-

exponential factor and Ea (kJ/mol) is the activation 

energy for dissolution process. R is the gas constant 

and T is the absolute temperature. The activation 

energy was measured by linear regression of ln CR 

against 1/T. 

  

 

 
(a)                                                                                                                (b) 

 

Fig. 3: activation energy analysis by (a) Arrhenius equation and (b) the values at various BTC concentrations 

 

The Arrhenius analysis at presence and absence 

of BTC inhibitor is showed in figure 3(a). The results 

in figure 3(b) reveal that values of Ea obtained in the 

presence of BTC are slightly lower at low BTC 

concentration compared to BTC-free solution, which 

is approximately 53 kJ/mol. At higher BTC 

concentrations, Ea values show a significant 

increment from 55 kJ/mol to a maximum value 60 
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kJ/mol for concentration at 5.0 mM and 10.0 mM, 

respectively. This is owing to higher thickness of thin 

layer formed at higher BTC concentrations in 1.0 M 

H2SO4 solution compared to lower BTC 

concentrations. The decrease in IE% with the 

increase of temperature at higher inhibitor 

concentration as in figure 2(b) and the higher values 

of Ea at higher inhibitor concentrations as in figure 

3(b) indicated that the adsorption mechanism of this 

inhibitor on the steel surface was obeying 

physisorption process. 

 

B. Adsorption Isotherm Model: 

In order to evaluate the adsorption process of this 

inhibitor, several adsorption isotherm models such as 

Langmuir, Temkin, Freundlich and Dubinin-

Radushkevich had been well fitted. From this 

analysis, it is proven that the adsorption isotherm 

process is best fitted by Freundlich adsorption 

isotherm. This model can be expressed as equation 6 

(Seifzadeh et al. 2013); 

 

ln𝜃 = ln𝐾𝑎𝑑𝑠 +  𝑛 ln𝐶           (6) 

 

where θ is the degree of surface coverage, Kads is 

the adsorptive equilibrium constant, n is the constant 

describing the adsorption degree and C is the 

inhibitor concentration. The slope range between 0 

and 1 is considering surface heterogeneity and it is 

considered more heterogeneity if the value close to 

zero. If the slope above unity, it is an indicative of 

cooperative adsorption (Foo & Hameed 2010). On 

top of that, the adsorption free energy (ΔGads) can be 

calculated from equation 7; 

 

∆𝐺𝑎𝑑𝑠 = −𝑅𝑇𝑙𝑛 (55.5𝐾𝑎𝑑𝑠 )           (7) 

  

Where R is the gas constant, T is the absolute 

temperature and 55.5 is the molar concentration of 

water in the solution. 

Figure 4 shows the plots of ln θ verses ln C for 

adsorption of BTC at 25, 40 and 55
o
C. The 

correlation coefficients linear of these plots were 

0.973, 0.96 and 0.996 for 25, 40 and 55
o
C, 

respectively. The regression slope from these three 

graphs were 0.468, 0.417 and 0.413 as above 

temperatures and indicating that heterogeneity 

adsorption occurred on this carbon steel surface. The 

analysis also indicated that the ΔGads of those three 

temperatures were -16.62, -17.18 and -17.08, 

respectively. All these ΔGads values are above -20 

kJ/mol, which suggested a physisorption process is 

dominantly covered for the whole surface. It is well 

understood that the chemisorption process will takes 

place if the ΔGads value below -40 kJ/mol. Thus, the 

results are in good agreement with activation energy, 

Ea data for dissolution processes in the absence and 

presence of BTC.  

The adsorption process of any organic inhibitor 

is depending on its molecular structure. BTC 

molecules have a strong charge of N
+
 ion and the 

benzyl group. Benzyl functional group with consists 

of delocalized π electrons (aromaticity) can serve as 

centre of adsorption (Ayyannan et al., 2012). 

However, due to this adsorption mechanism analysis, 

it is suggested that the ability of BTC alkyl structure 

to be oriented and form a layer above the head group 

was relatively less compared to longer alkyl chain 

(Fuchs-Godec, 2006). As a result, the interaction 

among the inhibitor and carbon steel surface was only 

dominating by an electrostatic charges or van der 

Waals forces. This outcome is related with the 

provided adsorption energy, which is merely favored 

to a physisorption mechanism. 

  

 

 
 

Fig. 4: Freundlich adsorption isotherm plot based on weight loss result at (□) 25, (Δ) 40 and (○) 55
o
C. 
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C. Surface Morphology: 

Surface morphological was performed to 

investigate the effect of this inhibitor on the carbon 

steel surface. Figure 5 shows the SEM images of this 

carbon steel after 6 hours immersion in 1.0 M H2SO4 

without and with 10.0 mM BTC concentration. The 

micrograph in Figure 5(a) shows that the sample 

surface was seriously corroded and heavily covered 

by corrosion product. However, the presence of 

corrosion product was less when the medium was 

added with 10.0 mM of BTC as shown in figure 5(b). 

This analysis indicated that the adsorption of BTC 

molecule as inhibitor is able to prevent the steel 

surface from actively react in corrosion process. 

Result from this analysis was in good agreement with 

present weight loss analysis, which is reported in this 

study.

 

  
(a)                                                                                                                     (b) 

 

Fig. 6: SEM images of carbon steel surface (a) after 6 hours immersion without BTC and (b) immersion with 

10.0 mM BTC in 1.0 mM H2SO4 

 

Conclusion: 

BTC is an effective corrosion inhibitor for 

carbon steel in 1.0 M H2SO4 solution. The inhibition 

efficiency of this inhibitor increases with the 

increasing of its concentration, but decreases with 

temperature. The adsorption mode of BTC seems to 

follow Freundlich adsorption isotherm model. From 

thermodynamic point of view, it is indicated that 

BTC molecules in 1.0 M H2SO4 solution are adsorbed 

on carbon steel surface by physisorption process. 

However, several studies such as different 

concentration of corrosive medium, higher 

concentration of BTC and study on electrochemical 

analysis will need to be considered for further 

investigation. 
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