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Introduction

Basically, the most popular steel used by companies is the mild steel; it is also usually the cheapest option, making it a great choice for industrial projects [START_REF] Vikneshvaran | Adsorption of L-Tryptophan-derived chiral Schiff bases on stainless steel surface for the prevention of corrosion in acidic environment: experimental, theoretical and surface studies[END_REF][START_REF] Toro | Argon and hydrogen plasma influence on the protective properties of diamond-like carbon films as barrier coating[END_REF][START_REF] Ech-Chihbi | Experimental and computational studies on the inhibition performance of the organic compound "2-phenylimidazo [1,2-a]pyrimidine-3-carbaldehyde" against the corrosion of carbon steel in 1.0 M HCl solution[END_REF][START_REF] Palaniappan | Corrosion inhibition on mild steel by phosphonium salts in 1M HNO3 aqueous medium[END_REF][START_REF] Kaskah | Surface protection of low carbon steel with N-acyl sarcosine derivatives as green corrosion inhibitors[END_REF]. That's why it is easily exposed to the phenomenon of the corrosion due to the use of the acid solutions (HCl and H 2 SO 4 ) in several industrial processes such as cleaning and descaling [START_REF] Ansari | Corrosion inhibition of mild steel in hydrochloric acid by some pyridine derivatives: an experimental and quantum chemical study[END_REF]. The organic compounds with N, S, and or O atoms are widely used as effective corrosion inhibitors for several industrial metals in corrosive media. Additionally, functional electronegative groups and πelectrons in triple or conjugated double bonds enable inhibitors to adsorb to the metal surface and form protective complex layers [START_REF] Aoufir | Understanding the adsorption of benzimidazole derivative as corrosion inhibitor for carbon steel in 1M HCl: experimental and theoretical studies[END_REF][START_REF] Lgaz | Insights into corrosion inhibition behavior of three chalcone derivatives for mild steel in hydrochloric acid solution[END_REF][START_REF] Aoufir | Corrosion inhibition of carbon steel in 1M HCl by 1,5benzodiazepine derivative: experimental and molecular modeling studies[END_REF]. Bentiss et al. [START_REF] Bentiss | 2, 5-Bis (nmethoxyphenyl)-1, 3, 4-oxadiazoles used as corrosion inhibitors in acidic media: correlation between inhibition efficiency and chemical structure[END_REF], El Azhar et al. [START_REF] Azhar | Corrosion inhibition of mild steel by the new class of inhibitors [2, 5-bis (n-pyridyl)-1, 3, 4-thiadiazoles] in acidic media[END_REF] and Elkadi et al. [START_REF] Elkadi | The inhibition action of 3, 6-bis (2-methoxyphenyl)-1, 2-dihydro-1, 2, 4, 5-tetrazine on the corrosion of mild steel in acidic media[END_REF] have studied many inhibitors which contain nitrogen on the minimization of the corrosion of steel in H 2 SO 4 and HCl using chemical and electro-chemical methods. In recent years, some attempts were made to further improve the inhibition efficiency of organic corrosion inhibitors of maximally, proposing them as efficient compounds for steel protection. The synergism between an inhibitor and other ions such as iodide has been extensively studied by many authors [START_REF] Bentiss | Effect of iodide ions on corrosion inhibition of mild steel by 3, 5-bis (4-methylthiophenyl)-4H-1, 2, 4-triazole in sulfuric acid solution[END_REF][START_REF] Rajendran | Synergistic and antagonistic effects existing among polyacrylamide, phenyl phosphonate and Zn 2+ on the inhibition of corrosion of mild steel in a neutral aqueous environment[END_REF][START_REF] Ebenso | Synergistic effect of halide ions on the corrosion inhibition of aluminium in H 2 SO 4 using 2-acetylphenothiazine[END_REF]. The information about the synergistic effect of chloride ion was rarely reported.

The theoretical study of the structure-reactivity relationship of corrosion inhibitors is an innovative and promising approach. This approach not only explores the intrinsic electronic properties of each inhibitor but also allows their modes of adsorption to be modeled on the metal surface [START_REF] Makrini | Adsorption and corrosion-inhibiting effect of 5-Benzyloxy-6-methoxyindole on mild steel surface in hydrochloric acid solution: Electrochemical and Monte Carlo simulation studies[END_REF][START_REF] Lgaz | Characterization of corrosion products formed on carbon steel in hydrochloric acid medium by 4-(dimethylamino)-1-(6-methoxy-6-oxohexyl)pyridinium bromide[END_REF][START_REF] Makrini | Corrosion protection of mild steel in hydrochloric acid solutions in presence of 5-(Benzyloxy)indole -Monte Carlo simulation, weight loss and electrochemical studies[END_REF].

In the present study, the effect of the addition of 1,5-Diaminaphthalene, shown in Fig. 1, and their synergism with 0.1 M NaCl on the corrosion inhibition of mild steel in 0.5 M sulfuric acid was studied using chemical, electrochemical and theoretical calculations.

T 2. Experimental

Materials

The experiments were performed with mild steel have the following composition: Fe (99.21%),Si (0.38%), C (0.21%), P (0.09%), Mn (0.05%), S (0.05%), Al (0.01%). The steel sample were grinded with emery paper Sic (90, 240, 400, 600 and 1000), washed with distilled water, acetone and finally dried to eliminate the liquid.

Solution

Test solutions were prepared immediately prior to use from 97% H 2 SO 4 (analytical grade, Sigma Chemical, St. Louis MO, USA) diluted in distilled water, and then the 1,5-Diaminonaphthalene was dissolved in this solution to prepare the corresponding concentration in mol L -1 , a solution containing H 2 SO 4 alone was taken as blank. The range of 1,5DAN concentration was 10 -6 M to 10 -3 M while the concentration of NaCl was 0.1 M NaCl. All the experiments were carried out in triplicate with an experimental errors not exceed 3% (data not shown).

Weight loss method

Gravimetric method has been realized using steel samples that have a size of 1 × 1 × 0.2 cm 3 . The time of the immersion was 6 h at 308 K using a thermostat in beakers which contained 50 mL of 0.5 M H 2 SO 4 alone, then with the addition of 1,5DAN and finally with the addition of the system 1,5DAN/0.1 M NaCl. 6 h later, we bring the sample; wash it, dry it and weighed with a precision scale. The following equations were used to calculate the corrosion rates (C R ) and the inhibition efficiency (η WL (%)) [START_REF] Lgaz | Correlated experimental and theoretical study on inhibition behavior of novel quinoline derivatives for the corrosion of mild steel in hydrochloric acid solution[END_REF]:

= C W W At R b a (1) = × C C C (%) 100 WL R R R (2) 
where W b and W a are the weight of the sample before and after immersion in the different solutions, C R and C R are the corrosion rate without and with addition of inhibitor respectively, A is the area of the sample (cm 2 ) and t is the time of exposure (h).

Electrochemical measurements

Tafel curves were achieved using a Potentiostat/Galvanostat(PGZ 100) related to a computer with analysis software model (Volta master 4). The experiment were realized with a cell having three electrode, mild steel is as working electrode, saturated calomel as the reference electrode and the auxiliary electrode was platinum (Pt). Mild steel electrode surface was prepared like we did in gravimetric method and immersed in various concentrations of the solution for 30 min to stabilize the electrochemical system. The Tafel plots were realized with the change of the potential from -800 to -200 mV/SCE and with a scan rate of 1 mV/s. The percentage protection efficiency η PDP (%) is defined as [START_REF] Lgaz | Effect of clozapine on inhibition of mild steel corrosion in 1.0M HCl medium[END_REF]:

= × i i (%) 1 100 PDP corr corr (3) 
i corr and i corr are the current density without and with addition of in- hibitor in 0.5 M sulfuric acid. The Nyquist presentation in the EIS method were performed with the same material already used in realization of the Tafel plots with a range of frequencies (10 mHz-100 KHz) at corrosion potential and an amplitudes of 10 mV. With the following equation we can calculate the inhibition efficiency (η EIS (%)) [START_REF] Messali | Guar gum as efficient non-toxic inhibitor of carbon steel corrosion in phosphoric acid medium: electrochemical, surface, DFT and MD simulations studies[END_REF]:

= × R R R (%) 100 EIS p(inh) p p(inh) (4) 
where R p(inh) and R p are the polarization resistances with and without addition of inhibitor in 0.5 M sulfuric acid.

DFT calculations

Quantum chemical calculations were obtained using Gaussian program package, module version 9.0 [START_REF] Wu | Molecular dynamics simulation of the atomistic monolayer structures of N-acyl amino acid-based surfactants[END_REF]. The calculation was performed using a basis set denoted by 6-31 G (d, p) [START_REF] Becke | Density-functional exchange-energy approximation with correct asymptotic behavior[END_REF][START_REF] Lee | Development of the Colle-Salvetti correlation-energy formula into a functional of the electron density[END_REF]. All quantum calculations were carried out in aqueous phase using Self-Consistent Reaction Field (SCRF) theory, with Polarized Continuum Model (PCM) [START_REF] Salarvand | Enhanced corrosion resistance of mild steel in 1M HCl solution by trace amount of 2-phenyl-benzothiazole derivatives: experimental, quantum chemical calculations and molecular dynamics (MD) simulation studies[END_REF]. The ionization energy and the electronic affinity were determined by the values of the energies of the HOMO and LUMO orbital using the following Eqs. ( 5) and (6) [START_REF] Gholami | Correlated ab initio and electroanalytical study on inhibition behavior of 2-mercaptobenzothiazole and its thiole-thione tautomerism effect for the corrosion of steel (API 5L X52) in sulphuric acid solution[END_REF]:

= IP E HOMO (5) = EA E LUMO (6) 
Mulliken electronegativity (χ) and Absolute hardness (η) can be approximated using [START_REF] Pearson | Absolute electronegativity and hardness: application to inorganic chemistry[END_REF][START_REF] Sastri | Molecular orbital theoretical studies of some organic corrosion inhibitors[END_REF]:

= + IP EA 2 (7) = IP EA 2 (8) 
The number of transferred electrons (ΔN) is calculated by application of the Pearson method using the equation [START_REF] Martinez | Inhibitory mechanism of mimosa tannin using molecular modeling and substitutional adsorption isotherms[END_REF]:

= + N 2( ) Fe inh inh (9) 
where φ=4.82 is the work function used as the appropriate measure of electronegativity of iron, and η Fe = 0 [START_REF] Cao | Novel benzimidazole derivatives as corrosion inhibitors of mild steel in the acidic media. Part II: theoretical studies[END_REF][START_REF] Kokalj | On the HSAB based estimate of charge transfer between adsorbates and metal surfaces[END_REF].

Molecular dynamics (MD) simulations

Molecular dynamic simulations studies were carried out using Materials studio package [32]. The behavior of the 1,5DAN molecule on the Fe (110) surface was simulated in a 10 × 10 super cell using the COMPASS force field and the Smart algorithm. Fe (110) surface has been preferred as it has a packed surface and high stability [START_REF] Saha | Evaluating electronic structure of quinazolinone and pyrimidinone molecules for its corrosion inhibition effectiveness on target specific mild steel in the acidic medium: a combined DFT and MD simulation study[END_REF]. MD simulation was performed under 303 K, NVT ensemble, with a time step of 1 fs and simulation time of 2000 ps in a simulation box of (24.82 × 24.82 × 35.69 Å 3 ). More detail of MD simulation is referenced from our published articles [START_REF] Kaya | Determination of corrosion inhibition effects of amino acids: quantum chemical and molecular dynamic simulation study[END_REF][START_REF] Khaled | Experimental, Monte Carlo and molecular dynamics simulations to investigate corrosion inhibition of mild steel in hydrochloric acid solutions[END_REF]. 

Results and discussion

Weight loss measurements

Effect of concentration

Table 1 and presents the corrosion rate (C R ) and the efficiencies (η WL (%)) of single 1,5DAN, single 0.1 M NaCl and the system containing both of NaCl and 1,5DAN calculated from the gravimetric method after 6 h of immersion. It is clear that C R decreases when 1,5DAN concentration increase, and is also evident that η WL (%) increase with increasing in 1,5DAN concentration. At 1,5DAN concentration equal 10 -3 M alone in the solution, the maximum of efficiency was 27%, which shows that the single inhibitor cannot protect effectively the corrosion of the metal in 0.5 M sulfuric acid. The results also indicate that the values of the efficiency increase considerably after the addition of constant NaCl concentration (0.1 M) and a maximum efficiency increase to reach 91%. We conclude that the combination of inhibitor and 0.1 M NaCl is more effective for reducing the phenomenon of corrosion of the metal, meaning that it is possible to exit a synergistic effect between NaCl and 1,5DAN.

Effect of temperature

The corrosion reaction and the inhibition mechanism can be effected by the factor of the temperature, so it is necessary to study the effect of this parameter. The effect of the temperature on the corrosion inhibition property of 1,5DAN was performed with weight loss method and with a range of 308-338 K with and without addition of various concentrations of 1,5DAN and 0.1 M NaCl (Table 2).

The first experience without NaCl, when the temperature increases, the inhibition efficiencies decrease, this behavior is associated to desorption of 1,5DAN from the metal surface, because the increase of the temperature accelerates the corrosion phenomena [START_REF] Ammar | Adsorbability of thiourea on iron cathodes[END_REF]. However, the addition of 0.1 M NaCl makes the efficiencies practically constant in the temperature range explored. These results show that the presence of NaCl increase the stabilization of the complex already adsorbed on the surface [START_REF] Larabi | Effect of iodide ions on corrosion inhibition of mild steel in 0.5M H2SO4 by poly (4-Vinylpyridine)[END_REF].

The activation parameters

The temperature dependency of current density can be best represented by the Arrhenius and transition state equations [START_REF] Xu | Experimental and theoretical study of corrosion inhibition of 3-pyridinecarbozalde thiosemicarbazone for mild steel in hydrochloric acid[END_REF][START_REF] Xu | Experimental and theoretical evaluation of two pyridinecarboxaldehyde thiosemicarbazone compounds as corrosion inhibitors for mild steel in hydrochloric acid solution[END_REF]:

Table 1

The parameters calculated by weight loss method for 1,5DAN and 1,5DAN + 0.1 M NaCl in 0.5 M H 2 SO 4 solution at 308 K. 

Table 2

The influence of temperature on Gravimetric parameters for mild steel immersed in 0.5 M sulfuric acid with and without addition of 1,5DAN and 0.1 M NaCl. 

T (K) Concentration (M) 1,5DAN 1,5DAN + NaCl C R (mg.cm -2 .h 1 ) η WL % C R (mg.cm -2 .
= C A E RT exp R a (10) = C RT Nh S R H RT exp exp R a a ( 11 
)
ΔS a is the change in entropy of activation, ΔHa is the change in enthalpy of activation, E a is the apparent activation energy, R is the gas constant, A is the Arrhenius pre-exponential factor, h is Plank's constant and N a is Avogadro's number.

The values of E a were calculated by linear regression between ln (C R ) and 1/T (Fig. 2). Fig. 3 shows that the Arrhenius plots of Ln (C R /T) versus 1/T gave straight lines with slope (-ΔH a /R) and intercept (Ln R/ Nh + ΔS a /R) from where ΔH a and ΔS a values were calculated.

Table 3 show that the calculated value of Ea for the corrosion of steel in 0.5 M sulfuric acid is about 61 KJ mol -1 . But, the value of this parameter with the addition of 10 -3 M of 1,5DAN is about 69 KJ mol -1 , which is higher than that for blank, when we add 0.1 M NaCl to our inhibitor we see that the apparent activation energy decrease compared to the blank. The higher value of E a in presence of 1,5DAN indicates that more energy barrier is required for the corrosion reaction to occur [START_REF] Ansari | Novel and effective pyridyl substituted 1, 2, 4-triazole as corrosion inhibitor for mild steel in acid solution[END_REF], while the lower value observed after addition of 0.1 M NaCl is attributed to the higher adsorption of the [1.5DNA][Cl -] on the mild steel surface mainly via strong chemical interaction. If we look again to the Arrhenius equation above, we can easily see that the corrosion phenomenon is controlled by two factor, the first is Ea and the second A (pre-exponential factor). So we tried to calculate this factor and the results show that it increase remarkably with the addition of 0.1 M NaCl, so we can conclude that the inhibition process in the complex containing both of 1,5DAN and NaCl is mostly dominated by the pre-exponential factor [START_REF] Oguzie | Evaluation of the inhibitory effect of methylene blue dye on the corrosion of aluminium in hydrochloric acid[END_REF][START_REF] Mu | Synergistic inhibition between tween 60 and NaCl on the corrosion of cold rolled steel in 0.5M sulfuric acid[END_REF].

The large negative number of the entropies (∆S a ) indicates a decrease in disordering [START_REF] Keleş | The inhibitive effect of 6-amino-m-cresol and its Schiff base on the corrosion of mild steel in 0.5M HCI medium[END_REF], and the negative signs of the enthalpies (∆H a ) show the exothermic process of the adsorption. We can see, on the other hand, that E a and ∆H a vary in the same way, which satisfies this relationship [START_REF] Stern | Electrochemical polarization I. A theoretical analysis of the shape of polarization curves[END_REF]:

= Ea H RT a ( 12 
)

Polarization potentiodynamic results

The Tafel plots of mild steel in 0.5 M H 2 SO 4 with and without addition of 1,5DAN and the complex [1.5DNA][Cl -] are shown in Figs. 4 and5, while electrochemical data obtained from the curves are

Table 3

The activation parameters for mild steel in 0.5 M sulfuric acid with and without addition of 1,5DAN and 0.1 M NaCl.

Inhibitor Ea (Kj.mol -1 ) Pre-exponential factor (mg m -2 h -1 ) ΔH °a (KJ mol -1 ) ΔS °a (KJ mol -1 K - presented in Table 4. Table 4 shows that with the increase in 1,5DAN concentration, the corrosion current density (i corr ) decrease, this decrease is really marked with the addition of Cl -. Also we can see a very small change in the position of the cathodic and anodic plots. According to some published papers, if the change of the potential E corr was > 85 mV/SCE the inhibitor can be classified as cathodic or anodic type [START_REF] Li | Some new triazole derivatives as inhibitors for mild steel corrosion in acidic medium[END_REF][START_REF] Li | Synergism between red tetrazolium and uracil on the corrosion of cold rolled steel in H 2 SO 4 solution[END_REF]. This work shows that 1,5DAN is a mixed inhibitor in 0.5 M sulfuric acid. We can see also from the results that the efficiency of the system [1.5DNA][Cl -] is large compared to 1,5DAN alone, these results also confirm the possibility of the existence of a strong synergism between 1,5DAN and NaCl.

Electrochemical impedance spectroscopy

For studying the impedance parameters of mild steel specimens in 0.5 M H 2 SO 4 with different concentrations of 1,5DAN and [1.5DNA] [Cl -] inhibitor, EIS measurements were carried out. The results are shown in Fig. 6 and Table 5. The Nyquist diagrams describe two phenomenon, the first one show that the corrosion of our metal in the corrosive solution is controlled by the process of the charge transfer (capacitive loop appearing at HF) and the second indicate the phenomenon of adsorption and relaxation of the present species controlling the anodic process (small inductive appearing at LF) [START_REF] Lenderink | Corrosion of aluminium in acidic and neutral solutions[END_REF]. Further, it can be seen from Fig. 6 that the diameter of the impedance spectra in presence of inhibitor is much higher than that in the uninhibited solution, and this increase became more pronounced as inhibitor concentration increased, especially, after addition of NaCl, which suggests that the studied inhibitor adsorbed on the metal surface and a protective film is formed [START_REF] Verma | 2-Amino-5-nitro-4, 6-diarylcyclohex-1-ene-1, 3, 3tricarbonitriles as new and effective corrosion inhibitors for mild steel in 1M HCl: experimental and theoretical studies[END_REF][START_REF] Singh | 4 (N, N-dimethylamino) benzaldehyde nicotinic hydrazone as corrosion inhibitor for mild steel in 1M HCl solution: an experimental and theoretical study[END_REF]. Fig. 7 shows the equivalent electric circuit models which represent the interface solution/metal. These circuits contain a CPE (constant phase element) which is used to take into account the inhomogeneities in the surface resulted from impurities and formation of porous layers [START_REF] Popova | AC and DC study of the temperature effect on mild steel corrosion in acid media in the presence of benzimidazole derivatives[END_REF]. The circuits contain also a resistance of the charge transfer R ct , a resistance of the solution Rs, and an inductance resistor, R L related with an inductance L explain the small inductive appearing at LF [START_REF] Gojić | The effect of propargylic alcohol on the corrosion inhibition of low alloy CrMo steel in sulphuric acid[END_REF]. The impedance of a CPE is expressed as [START_REF] Lgaz | Effect of clozapine on inhibition of mild steel corrosion in 1.0M HCl medium[END_REF]:

= Z Q j ( ) CPE n ( 13 
)
where Q is the CPE constant and CPE exponent, n is the phase shift which can be used as a measure of surface inhomogeneity [START_REF] Chen | Corrosion inhibition of copper in hydrochloric acid by coverage with trithiocyanuric acid self-assembled monolayers[END_REF]; j is an imaginary number and ω is the angular frequency in rad.s -1 . However, the values of C dl were computed from the Q and n values, using Eq. ( 17) [START_REF] Martinez | A nonlinear kinetic model introduced for the corrosion inhibitive properties of some organic inhibitors[END_REF]:

= × C Q R ct dl 1 n n ( 14 
)
Table 5 represents the impedance data in 0.5 M sulfuric acid with and without addition of 1,5DAN alone and in combination with 0.1 M NaCl. The results presented in Table 5 shows that R ct and η EIS (%) increase when 1,5DAN concentration increase, this increase is more important with the addition of the chloride ion. We can explain the increase in R ct by the formation of a protective complex in the surface. In another case the C dl values decrease with increasing the 1,5DAN concentration, this phenomenon can be attributed to the adsorption of the inhibitor, leading to the formation of an insoluble film [START_REF] Prabhu | Inhibition effects of some Schiff's bases on the corrosion of mild steel in hydrochloric acid solution[END_REF]. The comparison of the results of EIS and potentiodynamic polarization method indicate the same tendency.

Thermodynamic parameters of adsorption

To better understand the inhibitor/metal interaction and the adsorption of our inhibitor, we tried to use various isotherms such as Langmuir [START_REF] Oguzie | Effect of hexamethylpararosaniline chloride (crystal violet) on mild steel corrosion in acidic media[END_REF], Freundlich [START_REF] Freundlich | Über die adsorption in lösungen[END_REF], Temkin [START_REF] Landolt | Corrosion Et Chimie De Surface Des Metaux[END_REF] and Frumkin [START_REF] Adejo | Determination of adsorption Isotherm model best fit for methanol leaf extract of Securinega virosa as corrosion inhibitor for corrosion of mild steel in HCl[END_REF]. The corresponding isotherm for our inhibitor is obtained from the comparison of the correlation coefficients (R²) presented in Table 6.

The results show that Langmuir isotherm have the biggest coefficient values, so we can conclude that 1,5DAN alone and with addition of NaCl accords to the Langmuir isotherm in 0.5 M sulfuric acid (Fig. 8). The equation corresponding to Langmuir adsorption isotherm is:

= + C K C 1 inh ads inh (15) 
With the following equation, the standard free energy of adsorption G ads has been calculated [START_REF] Salghi | Inhibition of C-steel corrosion by green tea extract in hydrochloric solution[END_REF]:

= × G RT K ln( 55.5) ads ads (16) 
R is the gas constant, T is the temperature and 55.5 is the concentration of the water in the solution in mol L -1 .The strong positives values of K ads (Table 7) indicate the important interactions in the interface inhibitor/metal. According to some authors, a value around -20 kJ/mol or lower of G ads indicate that we have an adsorption with electrostatic interaction (physisorption), on the other hand a value around or higher than -40 kJ/mol indicate that we have a charge sharing between the inhibitor and the surface of the mild steel (chemisorption) [START_REF] Lgaz | Insights into corrosion inhibition behavior of three chalcone derivatives for mild steel in hydrochloric acid solution[END_REF]. In our case, the G ads values are between -20 kJ/mol and -40 kJ/mol so the inhibitor are both physisorbed and chemisorbed, and we can conclude also from the negatives values that the reaction of the adsorption of 1,5DAN is spontaneous.

Table 5

EIS parameters for corrosion of the metal in 0.5 M sulfuric acid with and without addition of inhibitor and 0.1 M NaCl. Fig. 7. Equivalent electric circuits for EIS measurements.

Inhibitor Conc. (M) R s (Ω cm²) Rp (Ω cm²) Q (s n µΩ -1 cm -2 ) n R L (Ω cm²) L (H cm -2 ) C dl (µF cm -²) η EIS (%) H 2 SO 4 0.

Table 6

The correlation coefficient R² for each isotherm. The reason why we used NaCl in our work is that generally halide ions like the chlorure can help the inhibitor to better adsorb in the surface of the metal [START_REF] El-Egamy | Corrosion and corrosion inhibition of Cu-20% Fe alloy in sodium chloride solution[END_REF]. Table 8 shows the parameters of synergism that we can calculate with the relationship given by Aramaki and Hackerman [START_REF] Aramaki | Inhibition mechanism of medium-sized polymethyleneimine[END_REF]:

= + + S 1 a 1 a a 1 2 1 2 (17) = + + a (a a ) (a . a ) 1 2 1 2 1 2 (18) 
where a 1 is the surface coverage by NaCl, a 2 is the surface coverage by 1,5DAN and a' 1+2 is the surface coverage by both NaCl and 1,5DAN.

According to Aramaki and Hackerman, when S a 〈 1 we have a competitive adsorption between the inhibitor and the halide ion, however, when S a 〉 1 we are in the presence of synergistic effect. The surface coverage values were evaluated using the inhibition efficiencies obtained from the EIS techniques. S a values given in Table 8 are mostly superior to the unit, so we can conclude that the improve of the inhibition efficiency when we add NaCl to 1,5DAN can be explained by the existence a synergistic effect between these two. Regarding the mechanism we suggest that Cl -is adsorbed in first place on the surface after that the protonated form of the inhibitor will be adsorbed by the interaction of coulomb with Cl - already adsorbed on surface. After this first process, the inhibitor in its neutral form shares its electron with metal surface, i.e. chemisorption.

DFT calculations

Fig. 9 represents the geometry optimization, the density distribution of the highest occupied molecular orbital (HOMO) and density distribution of the lowest unoccupied molecular orbital (LUMO) of 1,5DAN, while the quantum chemical parameters E HOMO , E LUMO , ∆E, dipole µ ∆N…etc. are given in Table 9.

The highest occupied molecular orbital energy, E HOMO is related to the tendency of the inhibitor to donate electrons while E LUMO, the lowest unoccupied molecular orbital, indicates the tendency of the inhibitor to accept electrons [START_REF] Lgaz | Correlated experimental and theoretical study on inhibition behavior of novel quinoline derivatives for the corrosion of mild steel in hydrochloric acid solution[END_REF]. The difference between the energy HOMO and LUMO is called ∆E gap , this parameter is very useful in the quantum chemistry and can be used to predict the stability of the formed complex, generally the decrease in the energy gap is related to an increase in the inhibition efficiency [START_REF] Lgaz | Insights into corrosion inhibition behavior of three chalcone derivatives for mild steel in hydrochloric acid solution[END_REF]. In the present study, it can be seen that, generally, the band gap energy of our inhibitor is higher compared to some of efficient corrosion inhibitors previously published [START_REF] Lgaz | Insights into corrosion inhibition behavior of three chalcone derivatives for mild steel in hydrochloric acid solution[END_REF][START_REF] Kumar | Corrosion inhibition performance of chromone-3-acrylic acid derivatives for low alloy steel with theoretical modeling and experimental aspects[END_REF], which can give us some explanation of the lower inhibition efficiency of tested compound. The number of transferred electrons (∆N) means also electron-donating ability, give us information of the ability of the inhibitor to donate electrons (if ∆N > 1), the positive value of this parameter is related to the ability of tested compound to donate electron to metal surface [START_REF] Lgaz | Effect of clozapine on inhibition of mild steel corrosion in 1.0M HCl medium[END_REF][START_REF] Messali | Guar gum as efficient non-toxic inhibitor of carbon steel corrosion in phosphoric acid medium: electrochemical, surface, DFT and MD simulations studies[END_REF].

MD simulations

MD simulations can provide a good insight into the interaction between inhibitor and iron surface [START_REF] Lgaz | Insights into corrosion inhibition behavior of three chalcone derivatives for mild steel in hydrochloric acid solution[END_REF][START_REF] Messali | Guar gum as efficient non-toxic inhibitor of carbon steel corrosion in phosphoric acid medium: electrochemical, surface, DFT and MD simulations studies[END_REF]. MD simulations are first performed in a vacuum slab without any solvation effect, and the corresponding stable configuration for 1,5DAN is presented in Fig. 10 both in vacuum and in presence of solvent. In the stable configuration, 1,5DAN molecule is nearly parallel to the Fe (110) plane and exhibits an approximately planar conformation. The interactions and binding energies are calculated using Eqs. ( 8) and ( 9) [START_REF] Zhang | Synergistic inhibition of carbon steel corrosion in 0.5M HCl solution by indigo carmine and some cationic organic compounds: experimental and theoretical studies[END_REF]: 18.94 10 - 4 2.92 5 × 10 - 5 1.48 10 - 5 1.20 10 - 6 1.09 Fig. 9. Optimized molecular structure, HOMO and LUMO of1,5DAN.

= + + E E E E ( ) interaction total surface solution inhibitor (19) = E E Binding interaction (20 

Table 9

The quantum parameters for 1,5DAN calculated using DFT method. where E total is the total energy of the entire system E surface + solution referred to the total energy of Fe (110) surface and solution without the inhibitor and E inhibitor represents the total energy of inhibitor.

In vacuum, the interaction energy value of 1,5DAN adsorbed on Fe (110) is -104.7 KJ/mol. It can be seen that the E int value is generally lower, which is in agreement with our previous conclusions in experimental section. Therefore, solvation effect is taken into consideration in the MD simulations in order to study the adsorption of tested compound in presence of all concerned species. A parallel mode is observed for the adsorption of 1,5DAN in the presence of solvation. The interaction energy between [1.5DNA][Cl -] and Fe (110) plane in the aqueous systems is more negative (-241.8 KJ/mol) than that in vacuum, indicating that [1.5DNA][Cl -] can more tightly adsorb on iron surface and achieve a better corrosion inhibition effectiveness [START_REF] Aoufir | Corrosion inhibition of carbon steel in 1M HCl by 1,5benzodiazepine derivative: experimental and molecular modeling studies[END_REF][START_REF] Lgaz | Correlated experimental and theoretical study on inhibition behavior of novel quinoline derivatives for the corrosion of mild steel in hydrochloric acid solution[END_REF]. 

Conclusions

In this work, the inhibition efficiency of 1,5DAN was studied using gravimetric and electrochemical method; the following conclusions can be noted: ✓ The efficiency of 1,5DAN becomes higher when we increase the concentration but the inhibitor steel ineffective. ✓ The efficiency of 1,5DAN becomes more important when we add 0.1 M NaCl to our solution. ✓ The temperature affects the processes of the adsorption in the absence of NaCl, however, with the addition of NaCl to our system the inhibition efficiency increase and remains constant. ✓ The adsorption of 1,5DAN alone or with NaCl in 0.5 M H 2 SO 4 follows the Langmuir isotherm. ✓ The Tafel plots show that 1,5DAN is a mixed type inhibitor in 0.5 M sulfuric acid. ✓ The synergism parameters values clearly show that the corrosion inhibition by the combination of 1,5DAN and chloride ion is synergistic in nature. ✓ In MD simulations, the interaction of [1.5DNA][Cl -] in aqueous system with the iron surface is stronger than that of vacuum system, resulting better blocking effect of inhibitor for the mild steel surface.
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 4 Fig. 4. Tafel curves of mild steel in 0.5 M H 2 SO 4 with and without addition of 1,5DAN.
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 5 Fig. 5. Tafel curves of mild steel in 0.5 M H 2 SO 4 with and without addition of 1,5DAN and 0.1 M NaCl.
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 6 Fig. 6. Nyquist plot for mild steel in 0.5 M sulfuric acid without and with addition of (A) 1,5DAN and (B) 1,5DAN + NaCl.
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 8 Fig. 8. Langmuir isotherm for mild steel immersed in 0.5 M sulfuric acid with and without addition of 1,5DAN and 0.1 M NaCl.
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 8 Synergism parameters of 1,5DAN and 0.1 M NaCl in 0.5 M H 2 SO 4 . Concentration of 1,5DAN with 0.1
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 10 Fig. 10. Equilibrium configurations of 1.5DNA in vacuum and in aqueous systems.

Table 4

 4 Polarization data of the mild steel in 0.5 M sulfuric acid with and without addition of 1,5DAN and 0.1 M NaCl.

	Inhibitor	Concentration (M)	E corr (mV/SCE)	βc (mV dec -1 )	βa (mV dec -1 )	i corr (mA cm -2 )	η Tafel (%)
	H 2 SO 4	0.5	-436	-333	287	13.51	--
	NaCl	0.1	-434	-286	245	8.70	35.58
		10 -3	-425	-262	190	8.49	37.11
		5 × 10 -4	-431	-280	227	10.92	19.17
	1,5DAN	10 -4	-428	-312	233	11.11	17.77
		5 × 10 -5	-431	-301	235	11.75	13.04
		10 -5	-434	-303	265	11.78	12.81
		10 -6	-432	-315	262	13.15	2.68
	1,5DAN + 0.1 M NaCl	10 -3	-456	-175	86	0.42	96.85
		5 × 10 -4	-458	-174	92	0.47	96.50
		10 -4	-442	-212	134	2.34	82.61
		5 × 10 -5	-434	-222	168	4.54	66.35
		10 -5	-434	-264	213	6.67	50.64
		10 -6	-447	-271	230	7.46	44.73

Table 7

 7 The thermodynamic parameters obtained for 1,5DAN and the system [1.5DNA] [Cl -].

	Inhibitor	K ads (L/mol)	G ads (kJ /mol)
	1,5DAN + 0.1MNaCl	37,462.16	-37.23
	1,5DAN	2790.84	-30.59
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