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atural and synthetic organic compounds were used as corrosion 

inhibitors to produce coordination complexes with metallic surface 

utilizing the active sites. These metallic complexes occupy a significant 

surface area on the metallic surface, therefore coating the metallic surface and 

shielding the metallic surface from acidic solutions. In the current study, a new 

Schiff base, namely (3-nitrobenzaldehyde)-4-phenylthiosemicarbazone (3N-4P), 

was designed and synthesized. The chemical structure of 3N-4P was determined 

using spectroscopic methods such as infrared (IR) and proton and carbon-13 

nuclear magnetic resonance (
1
H and 

13
C-NMR) and CHN-analysis. The 

corrosive inhibitory potential of the 3N-4P was tested on mild steel (MS) 

coupons in a 1 M HCl utilizing weight loss techniques. The inhibitive efficiency 

(IE%) of 3N-4P increased with 3N-4P concentration increases and decreased 

with increasing temperature. The experimental findings revealed that 3N-4P 

molecules obeyed the Langmuir adsorption isotherm. Scanning by electron 

microscope (SEM) technology measured the uninhibited and inhibited coupon 

surface. Prog. Color Colorants Coat. 15 (2022), 285-293© Institute for Color 

Science and Technology. 
 

 

 

 

 

 

 

1. Introduction 

Chemical purification, descaling, and pickling of various 

alloying compositions and materials were performed in 

acidic environments. [1-7]. Metallurgical analysis is a 

basic technical level for removing metal oxides created 

during the annealing process [8-10]. Corrosion was 

always one of the fundamental problems of metallic 

structures since the economic costs resulting from 

corrosion failure are relatively high. Furthermore, 

corrosion failure poses a public risk; therefore, it is 

necessary to develop new materials which will retard 

corrosion on metallic structures, particularly in acidic 

environments. The organic complexes, particularly those 

with a heteroatom, like O, S, N, and P, were often 

utilized as corrosion inhibitors to mitigate the corrosions 

due to their ease of use, effectiveness, and economic 

aspects. In addition, the existence of the heteroatoms 

plays the role of an active center adsorbing over the 

metallic surfaces and mitigating the metallic corrosion 

[11-22]. Corresponding to other reported technologies 

on corrosion protection, utilizing corrosion inhibitors is 

N 
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an efficient and encouraging approach with many 

benefits of no specific material needed, non-expensive 

and simple technique [23]. Several inhibitors have been 

discovered in the past decade. 

Organic molecules with electronegative negative 

atoms, including phosphorous, sulfur, oxygen, and 

nitrogen, and molecules containing pi bonds in their 

molecular structures are effective corrosive inhibitor 

compounds [24-27]. Organic molecules exhibit 

corrosion-inhibitory characteristics during physisorption 

and/or chemisorption. This property is attributed to their 

active sites interacting with metallic surfaces [28-30]. 

Since the thiosemicarbazones and thiosemicarbazide are 

significant, We synthesized phenylthiosemicarbazide 

with the benzaldehyde moiety. Its anti-corrosion 

behaviors towards the corrosions of the MS in 1 M HCl 

were researched. This molecule has been selected to 

examine its anti-corrosion efficacy due to the aromatic 

ring, benzaldehyde nucleus, and nitrogen atoms. These 

atoms were facilitated adsorption on MS surfaces. 

Therefore, these structures make the adsorption easier on 

an MS surface. In addition, a vacant d-orbital of the 

sulfur atom in the thiosemicarbazide exists. This event 

results in the likelihood of the formation of the dπ−dπ 

bond with the 3-D electrons of the iron. Considering to 

clean environment and green chemistry, (3-

nitrobenzaldehyde)-4-phenylthiosemicarbazone (3N-4P) 

has been synthesized by a traditional approach, and 

ethanol used as a solvent. Then, its effects of corrosion 

inhibition compared to the MS corrosions in the acidic 

mediums were assessed.  

 

2. Experimental  

2.1. Material and sample preparation 

Solvents and other analytical grade chemicals were 

purchased from Sigma-Aldrich and synthesized the 

targeted inhibitor without further purification. MS 

samples with a composition of Carbon: 0.210 %, 

Silicone: 0.380 %, Aluminum 0.010 %, Manganese: 

0.050 %, Sulfur: 0.050 %, Phosphorous: 0.090 % and 

iron is used for the remaining elements. The steel 

samples were polished and cleaned with distilled water 

and finally immersed in acetone and dried. 

 

2.2. Characterization techniques 

FT-IR spectrum was carried out utilizing a Nicolet 6700 

FT-IR spectrophotometer (Thermo Nicolet Corp., 

Madison, WI, USA) in the 4000–400 cm
−1

 region using 

KBr pellets for confirmation and identification of 

different functional groups present in the synthesized 

inhibitor. Proton nuclear magnetic resonance (
1
H-NMR) 

and Carbon-13 nuclear magnetic resonance (
13

C-NMR) 

spectra were reported on a spectrometer instrument with 

600 MHz (Bruker, Billerica, MA, USA), at room 

temperature in DMSO-d6, utilizing Tetramethylsilane 

(TMS) as the internal standard. Tetramethylsilane is the 

accepted internal standard for calibrating chemical shifts 

for NMR spectroscopy. 
1
H-NMR is the employment 

of nuclear magnetic resonance in NMR spectroscopical 

technique concerning hydrogen-1 nuclei within the 

organic molecule to confirm the structure of its 

molecule. 
13

C-NMR utilizes nuclear magnetic resonance 

(NMR) spectroscopical technique to carbon and 

identifies carbon atoms in organic molecules. 

 

2.3. Synthesis (3-nitrobenzaldehyde)-4-phenyl-

thiosemicarbazone (3N-4P), as a corrosion 

inhibitor 

The target inhibitor (3N-4P) was synthesized by the 

reaction of 3-nitrobenzaldehyde (0.002 mmol) and 4-

phenylthiosemicarbazide (0.002 mmol) in ethyl alcohol 

(100 mL). The reaction mixture was refluxed for 10 h. 

Thin-layer chromatography (TLC) was used to 

examine the purity of the final compound (3N-4P), 

which was then filtered, washed with alcohol, and 

dried. Yield 49 %, M.P. 204-206 °C. FTIR, 
1
H-NMR, 

and 
13

C-NMR spectroscopy, as well as CHN elemental 

analysis, was used to describe and confirm the 

chemical structure of the yellow product. FTIR (cm
−1

): 

3245.36 and 3219.85 for N–H, 1644.62 for C=N, and 

1542.14 for C-H aromatic. 
1
HNMR, DMSO-d

6
, δ: 8.32 

ppm (1H, d, NH); 7.27-8.11 ppm (1H, m, CHaromatic); 

and 8.16-8.29 ppm (1H, m, CHaromatic). 
13

CNMR, 

DMSO-d
6
, δ: 122.68,126.3, 126.9, 127.1, 127.9, 128.3, 

129.6, 133.1, 135.8, 140.3, 146.8 and 149.3, 177.9. The 

elemental analysis (Found/Calculated): C, 56.38/55.99; 

H, 4.11/4.03; N, 18.93/18.65. 

 

2.4. Weight loss techniques 

The steel samples were exposed to an environment of 

1.0 M hydrochloric acid with varying concentrations (1 

to 5 mM) of the 3N-4P as corrosion inhibitor for 10 h 

in a water bath at a 303 K. The tested steel samples 

were taken and washed with double distilled with water 

then acetone. Each experiment was repeated three-time, 

https://en.wikipedia.org/wiki/Carbon-13_nuclear_magnetic_resonance
https://en.wikipedia.org/wiki/Nuclear_magnetic_resonance
https://en.wikipedia.org/wiki/Hydrogen-1
https://en.wikipedia.org/wiki/Atomic_nucleus
https://en.wikipedia.org/wiki/Molecules
https://en.wikipedia.org/wiki/NMR_spectroscopy
https://en.wikipedia.org/wiki/NMR_spectroscopy
https://en.wikipedia.org/wiki/Carbon
https://en.wikipedia.org/wiki/Atom
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and an average was used. The same approach was 

conducted for various temperatures (303, 313, 323, and 

333 K) and concentrations of the 3N-4P. 

 

2.5. Scanning electron microscopy (SEM) 

An SEM was utilized to investigate the surface of MS 

coupons (scanning electron microscopy, Tabletop 

Microscope/TM1000 Hitachi). The coupons were 

immersed in a corrosive solution with and without 3N-

4P for 5 h. 

 

3. Results and Discussion 

3.1. Synthesis of the 3N-4P  

As depicted in Figure 1, the reaction scheme was 

followed to synthesize 3N-4P. The target was created 

by dehydration reaction of phenylthiosemicarbazide 

with 3-nitrobenzaldehyde under reflux and using 

ethanol as a solvent. The structure of 3N-4P was 

confirmed by spectroscopically methods (FTIR and 

NMR) and CHN analysis. 

3.2. Weight loss techniques: Effect of 3N-4P 

concentration. 

The rate of corrosion (CR) and protection efficacy (IE 

%) of the 3N-4P at different concentrations (1 mM to 5 

mM) and temperatures (303 to 333 K) for (1, 5, 10, 24, 

and 48 h) as immersion time, were evaluated by weight 

loss techniques, as the experimental findings are 

postulated in Figures 2 and 3. The rate of corrosion 

(CR) and inhibitory efficiency (IE%) were determined 

based on equations 1 and 2. 
 

   
  

 t
 (1) 

 

  ( ) 
  a-   

  a
 100 (2) 

 

 here Δ  refers to the loss of weight,   represents 

the immersed area, t is the exposure period and CRa, 

and CRp are the corrosion rates without and with 3N-

4P, respectively. 

 

 

Figure 1: Schematic route of 3N-4P. 

 

 

Figure 2: Experimental findings of weight loss techniques of MS after (1, 5, 10, 24, and 48 h) immersion in 1 M HCl with 

the addition of various concentrations (1, 2, 3, 4, and 5 mM) of the 3N-4P at 303 K. 
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The inhibition efficacy improved on increasing the 

3N-4P concentration, and a reduction in the CR was 

found at all studied concentrations (i.e., 1-5 mM), as 

seen in Figure 2. Thus, it is clear that the inhibition 

efficacy was dependent on the studied inhibitor 

concentration. More molecules of 3N-4P are adsorbed 

on the MS coupon at increasing concentration of the 

studied inhibitor resulting in an improvement in the 

inhibition quality. The molecules which have been 

adsorbed block the reaction sites and protect the coupon 

surface from corrosion. As free electrons are available 

on the azomethine (imine) and also a pair of electrons on 

S and N atoms in addition to pi-electrons will be closely 

bound to the MS surface, corrosion might be hindered. 

From Figure 2, it is clear that the CR of immersed 

coupon in corrosive solution is found to reduce with 

increasing immersion period (until 10 h) and 3N-4P 

concentration. These findings could be due to the 

increase in the number of the molecules of the tested 

inhibitor adsorbed on the coupon surface, which isolates 

the coupon surface from the hydrochloric acid solution, 

conducting impediment of coupon dissolution. After 10 

h of immersion period, the inhibitive performance was 

reduced. [31, 32]. The diminished inhibition activity was 

due to the desorption of the inhibitor molecules onto the 

coupon surface. 

Moreover, the CR was increased with the exposure 

period increase. This result can be demonstrated 

regarding the theory of adsorption. When 3N-4P 

molecules onto the coupon surface were desorbed, a 

coupon was exposed to a corrosive environment, 

thereby increasing the contact of a coupon surface/HCl 

solution, which results in the dissolution of MS. 

Moreover, the CR increases with the immersion period 

increasing due to a low molecule number of 3N-4P in 

an acidic solution to impedance the coupon dissolution. 

Visual examination of the absence and presence of the 

tested corrosion inhibitor demonstrated that the tested 

coupon almost maintained its light exterior with the 

addition of inhibitor, while those exposed to the HCl 

solution without the inhibitor did not. This result 

supported that this inhibitor was significantly active in 

preventing corrosion attacks and the CR [33, 34]. 

 

3.3. Weight loss measurements: effect of 

temperature. 

Temperature considerably determines the corrosion 

rate (CR), and with temperature increasing, the CR 

increases extensively in the hydrochloric acid solution.  

The weight loss was calculated between 303 and 333 K 

to consider the inhibition efficacy of the synthesized 

inhibitor at higher temperatures. The highest IE% was 

seen of the synthesized inhibitor at 303 K, which 

reduced gradually with further temperature increases.  

From Figure 3, it is evident that at the higher 

temperature, the analyzed inhibitor displayed lower 

efficiency because higher temperature degrees did not 

promote fundamental forces (physical interactions) and 

hence decreased the inhibitory effect. At higher 

temperature degrees, adsorption and desorption begins 

after a brief period and expose the metal surface to the 

surrounding acidic environment for a longer time, 

decreasing the influence of inhibition. 

 

 

Figure 3: Experimental findings of weight loss measurements of MS after five h immersion in 1 M hydrochloric acid with 

various 3N-4P concentrations (1, 2, 3, 4, and 5 mM) at different temperatures (303 to 333 K). 
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Arrhenius equation gives the relationship between 

the temperature and the CR as in equation 3: 
 

     exp [-
 a
*

  
] (3) 

 

where,   
  is the activation energy, k is the 

Arrhenius parameter, R is the gas constant, and T is the 

temperature  

Arrhenius equation alternative as in equation 4 
 

   
  

 h
 exp [

  a
*

 
]  exp [-

  a
*

  
]    (4) 

 

Where    
  is the enthalpy,    

  is the entropy, N is 

the number of Avogadro and h is the constant of 

Planck. 

The activation energy and k value for tested MS at 

various concentrations in absence and presence inhibitor 

was evaluated from the intercept and slope values of the 

Arrhenius plot between log CR and the value of 1/T, as 

shown in Figure 4. The enthalpy was calculated from the 

slope, which is represented by     
  ⁄ . On the other 

hand, the entropy was calculated from intercept value 

which is represented by   (   )⁄     
  ⁄  of the plot 

between              ⁄⁄  as in Figure 5. 

The reduction in the inhibition performance with 

increasing temperature was due to the activation energy 

of the studied inhibitor solution being higher than that 

of the blank solution. The experimental findings of this 

test justify the assertion that activation energy rises 

with an increase in temperature because of the decrease 

in physical adsorption. The activation energy 

measurements showed that the value activation energy 

was higher with the addition of 3N-4P relative to that 

without 3N-4P, which was 39.58 kJ mol
−1

 (Table 1). 

The increased activation energy value is related to the 

formation of 3N-4P molecules-Fe complex in the 

hydrochloric acid solution with a considerable energy 

barrier [35-37]. The positive value of enthalpy in the 

addition of the tested inhibitor proposed the 

endothermic dissolution of metal. 

 

3.4. Adsorption isotherms 

The interaction between the 3N-4P molecules and 

coupon surface was better investigated using 

chemisorption or physisorption-based adsorption 

isotherms. The surface coverage degree of the 3N-4P is 

mainly affected by the CR. The IE% is therefore 

referred to as the function of the electrode surface 

covered by a degree molecule [38, 39]. The 

concentration and surface coverage degree utilized in 

determining the linear relationship of adsorption 

isotherm.  he surface coverage (θ) was determined 

based on equation 5. 
 

θ  [
  

100
] (5) 

 

 

 

 

 
Figure 4: Arrhenius plot for MS in 1 M HCl with various 

concentrations (1, 2, 3, 4, and 5 mM) of 3N-4P. 

 

 

 

 
Figure 5: Arrhenius plot alternative for MS in 1 M HCl 

with various concentrations (1, 2, 3, 4, and 5 mM) of 
3N-4P. 

 

 

 

https://pubs.rsc.org/no/content/articlehtml/2020/ra/c9ra06443e#tab2
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Different adsorption models, including Langmuir, 

Temkin, and Frumkin, were tested to understand the 

inhibition mechanism, and the model of Langmuir 

model was fitted. The relation between surface 

coverage and concentration can be determined 

according to equation 6, where Kads is the equilibrium 

constant. 
 

 

θ
 

1

 ads
  +  (6) 

 

Figure 6 represents the relationship between C and 

 /θ.  he linear relation suggests that the 3N-4P 

molecules adsorbed on the MS surface obeyed the 

Langmuir model. 

 o calculate the adsorption free energy ΔG
o

ads and 

Kads was calculated according to equation 7, where 55.5 

(mol.dm
−3

) is water concentration. 
 

 Gads
o   -  ln(55.5 ads) (7) 

 

 he ΔG
o

ads was −38.21 kJ.mol
−1 

(Table 1), 

suggesting that 3N-4P molecules adsorbed on the MS 

surface were spontaneous. According to the report, free 

energy values around −20 kJ mol
−1

 indicate physisorption 

interactions. In contrast, those around −40 kJ.mol
−1

 refer 

to chemisorption interactions. Herein, the free energy 

value was −38.21 kJ mol
−1

, which marked physisorp-

tion and chemisorption [40]. 

 

3.5. Suggested mechanism 

By using weight loss techniques, the inhibition 

mechanism of MS with 3N-4P in the acid solution has 

been characterized through adsorption of the corrosion 

product. Generally, the corrosion inhibitory results in the 

mitigation of corrosion in one of those ways: (a) 

Inhibitive results of the reduction of the CR were due to 

the adsorbed 3N-4P molecules on the MS surface. (b) It 

can form a base metal oxide film, (c) It can also react 

with the corrosive component that exists in the corrosive 

medium and results in a complex. The 3N-4P molecules 

which be adsorbed over the surface of the metal; as a 

result, they reduce the CR. It has been well accepted that 

corrosion inhibitor adsorption is a competitive 

phenomenon that replaces the water molecules that are 

adsorbed already on the coupon surface and as a result of 

the adsorbed itself based on equation (5). The inhibitor 

molecule adsorption on MS surfaces can happen in 

several approaches: (a) can adsorb electro-statically on 

the surface of the metal. (b) can adsorb by donating the 

unshared pair of electrons located on the aromatic system 

π-electrons or heteroatoms to the vacant 3-d iron orbital. 

(c) the retro donation can also result in the adsorptions of 

the molecule of the 3N-4P on the MS coupon. A study of 

the 3N-4P structure has shown that the existence of the 

isotherm has facilitated physical interactions, but the 

unshared pairs of the electron, which reside on π-

electrons and heteroatom, result in chemical interactions 

with the coupon surface. Similar results have been stated 

earlier by different researchers. 3N-4P is better than 

benzaldehyde and furfuraldehyde hydrazones,  

 

 

 

 
Figure 6: Langmuir isotherm for the 3N-4P on MS in 1 

M corrosive environment at various Temperatures. 

 

 

 

Table 1: Thermodynamically parameters were obtained from mass loss of mild steel in 1 M HCl containing five mM of 

tested inhibitor at 303 K. 

CR IE%   
     

     
       

    

0.08 85.7 39.58 kJ mol−1 98.37 Jmol-1.K-1 57.75 kJ mol-1 −38.21 kJ mol−1 0.85 
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which were previously researched. The likelihood of 

dπ−dπ bonding between the 3-d electrons of the atom of 

iron and vacant S atom 3d-orbital of the thiosemicarbazone 

nucleus results in appreciable 3N-4P efficiency at greater 

concentration levels even at greater temperatures [41, 

42]. Those inhibitor types offer d-electrons and have 

vacant d-orbitals to accept the metal electrons that form 

stable chelates that were researched already as excellent 

inhibitors [43, 44]. The proposed mechanism model of 

adsorption of 3N-4P on the coupon surface in 

hydrochloric acid solution was postulated in Figure 7. 

 

3.6. Surface study 

SEM studies of the 3N-4P particles on coupon surface 

were conducted without and with five mM of 3N-4P in 1 

M HCl to determine the adsorption process. Figure 8a 

represents the coupon surface without adding inhibitor, 

and it is evident that the coupon surface is corroded 

strongly. From Figure 8b, it is obvious that the coupon 

surface is smooth and uncorroded, indicating that the 

studied inhibitor demonstrated a high impedance 

corrosion degree in acid solution at 303 K. 

 

 

 

Figure 7: The postulated mechanism of 3N-4P 

molecules on coupon surface in 1 M HCl environment. 

 

 

 

 
Figure 8: a) Represents the coupon surface without 

adding 3N-4P and (b) with 3N-4P. 

 

 

4. Conclusion 

In brief, we showed the synthesis of a new Schiff  

base, namely "(3-nitrobenzaldehyde)-4-phenylthiosemi-

carbazone (3N-4P)" and explored its ability to serve as a 

corrosion inhibitor. The studied molecules demonstrated 

significant inhibitive performance for steel in 1 M HCl. 

The weight-loss study found that the protection efficacy 

improved with the increase in the inhibitor concentration 

and reduced with a temperature rise. The analysis of 

adsorption isotherms showed physisorption, and the 

isotherm was the Langmuir form. In comparison, the 

SEM photos show a protective coating on the coupon that 

controls and inhibits the corrosion. 
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