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Abstract: The corrosion of zinc in hydrochloric acid containing diethanolamine have been studied at different 

acid concentration and temperature. Corrosion increases with increase of acid concentration and temperature. 

As concentration of acid increases corrosion rate increases while inhibition efficiency (I.E.) of diethanolamine 

decreases, as concentration of inhibitor increases I.E. increases. At 20 mM inhibitor concentration in 0.01 M 

HCl acid at 301 K for 24 h immersion period, the efficiency of diethanolaminewas 97.26 %. As the 

temperature was increased, the value of G°a increased, while percentage of inhibition decreased. The mode 

of inhibition action appears to be chemisorption since the plot of log ( / 1- ) versus log C gave a straight 

line, which suggested that the inhibitor covered both the anodic and cathodic regions through general 

adsorption following the Langmuir isotherm. Anodic and cathodic galvanostatic polarisation curves show 

little cathodic but significant anodic polarisation. 
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Introduction: 

Corrosion is a process that occurs when a material deteriorates due to its interaction with the surrounding 

environment in which an electrochemical reaction consumes the material through oxidation. As a material 

corrosively deteriorates, its material properties likewise degrade (Koch et al., 2001). Zinc is one of the most 

important non-ferrous metals, which finds extensive use in metallic coating. Zinc corrodes in solution having 

pH lower than 6.0 and higher than 12.5, while within this range the corrosion is very slow (Shreir, 1963). 

Hydrochloric acid is highly corrosive, strong mineral acid since it is completely dissociated in water and has 

major industrial uses. 

Aromatic, aliphatic and heterocyclic amines have been extensively investigated as corrosion inhibitors 

(Akpan et al. 2013, Mistry et al. 2011, Vashi et al. 1997). The inhibitive properties of a series of secondary 

aliphatic and cyclic amines in acid media are controlled by the percentage of  - orbital of free electron on the 

nitrogen atom of these compounds (Hackerman et al. 1961, Hackerman 1961).Ethanolamines were studied as 

corrosion inhibitors for zinc in (HNO3+HCl) by Vashi et al.(2010) and for zinc in sulphuric acid by Vashi et 

al.(2017) Vashi et al.(2005) studied ethanolamines as corrosion inhibitors for zinc in phosphoric acid.In the 

present study, diethanolamine was used ascorrosion  inhibitor for zinc in HCl media . 
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Materials and methods: 

To study the corrosion of zinc in hydrochloric acid weightloss method,temperature effect study and 

polarization measurements were used. 

Preparation of sample and solution 

The zinc specimens with a chemical composition of 99.96%Zn, 0.01% Fe,0.01% Pb, and 0.01 % Cd were 

used in the present study. The metal sheet, test specimens of size (4.65 x 2.15 x 0.16 cm) having an effective 

area of 0.2221 dm2 were used. The specimens were cleaned by washing with distilled water, degreased by 

acetone, washed once more with doubled distilled water and finally dried and weighted by using electronic 

balance. Hydrochloric acid was used as corrosive solution having concentration of 0.01, 0.05, 0.10 and 0.15 M 

prepared by diluting analytical grade of HCl purchased from Merck using double distilled water. 

Weight loss measurements 

For weight-loss measurement, the zinc specimen having an area of 0.2221 dm2 were each completely 

suspended in 230 ml of corrosive solution with and without various concentrations of diethnolamine using 

glass hooks at 301± 1 K for 24 h. After the test, specimens were cleaned by 10% chromic acid solution having 

0.2% BaCO3 for a period of about 2 minutes (Stroud, 1951). After cleaning, test specimens were washed with 

distilled water followed by acetone and dried with air drier. From the weight loss data, corrosion rate (CR) 

was calculated and reported in mg/dm2. 

Temperature effect 

To study the effect of temperature on corrosion rate, zinc coupons were completely immersed in 230 ml of 

0.05 M HCl solution without and withdifferent concentrations of diethanolamine at 313, 323 and 333 K for 2 

h. From the data corrosion rate, inhibition efficiency (I.E.), activation energy (Ea) and heat of adsorption (Qads) 

and free energy of adsorption (∆G0
ads) were calculated. 

Potentiodynamic polarization measurements 

Potentiodynamic measurement were carried out using CHI608C-series, U.S. Model with CH- instrument. 

For polarization study, metal specimens were immersed without and with 20 mMdiethnolamine in 0.01 M 

HCl solution. In electrochemical cell,zinc specimens having an area of 0.02dm2 was used as a working 

electrode, Ag/AgCl electrode as a reference electrode and platinum electrode as an auxiliary electrode. Before 

each electrochemical measurement, the working electrode were allowed to stand for26 min. in test solution to 

establish a steady-state open circuit potential (OCP). The polarization curves were plotted with current Vs 

potential. An anodic and cathodic polarization curve gives corresponding anodic and cathodic Tafel lines. The 

intersect point of Tafel lines gives the corrosion potential(Ecorr) and corrosion current (icorr) (Uhlig, 1967). 

Cathodic Tafel slope (βc) and anodic Tafel slope (βa) were calculated from the software installed in the 

instrument. 

Results and discussion: 

The results are presented in Tables 1 to 4 and fig. 1 to 3. To assess the effect of corrosion of zinc in 

hydrochloric acid, diethanolaminewas added as inhibitor. 
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Weight loss experiments  

Corrosion  rate (C.R.) was calculated  using following equation: 

 C.R. (mg/dm 2d)   = Weight loss (gm.) x 1000 / Area in dm2 x day ……(1) 

Inhibition efficiency (I.E.) was calculated by using following equation:  

 I. E.  (%) =  {
(Wu− Wi)

Wu
} × 100               ……(2) 

Where: Wu = Weight loss in absence of inhibitor, Wi = Weight loss in presence of inhibitor.  

The degree of surface coverage (θ) of the zinc specimen for different concentration of HCl solution have been 

evaluated by weight loss experiments using the following equation: 

     θ =
(Wu−Wi)

Wi
          ……(3) 

Effect of acid concentrations on corrosion rate: 

The corrosion rate increases with the increase in concentration of acid. The corrosion rate was 81.98, 

1136.48, 3151.05 and 5221.85 mg/dm2 in 0.01, 0.05, 0.10 and 0.15 M HCl concentrations respectively for a 

period of 24 h at 301 ± 1 K as shown in (Table 1) 

Corrosion in presence of inhibitors: 

To assess their protective value diethanolamine was added in 5, 10, 15 and 20 mM concentration in 0.01, 

0.05, 0.10 and 0.15 M HClconcentrations for 24 h duration period (Table 1). 

Effect of inhibitor concentration:  

At constant acid concentration, the I.E. of the diethanolamine increases with increase in inhibitor 

concentrations.Fordiethanolamine in 0.01 M HCl the I.E. was found to be 93.41, 94.51, 95.89 and 

97.26%corresponding to 5, 10, 15 and 20 mM inhibitor concentration respectively (Table 1). 

At constant inhibitor concentration, the I.E. decreases and while corrosion rate decreaseswith the increase 

in acid concentration. At 20 mM inhibitor concentration, the I.E. of diethanolamine is 97.26, 97.19, 89.30 and 

84.43 % corresponding to 0.01, 0.05, 0.10 and 0.15 M acid concentration respectively (Table 1). 

Effect of temperature: 

To investigate the influence of temperature on corrosion of zinc, the weight loss experiments were also 

carried out at 313, 323 and 333 K in 0.05 M HCl in absence and presence of diethanolamine for an immersion 

period of 2h. Results of Table-2 indicates that as temperature increases, rate of corrosion increase while 

percentage of I.E. decreases.Corrosion rate was 11389.2, 19137.6 and 26221.2 mg/dm2corresponding to 313, 

323 and 333 K respectively.  

Adsorption isotherms: 

The application of adsorption isotherms allow to analyse the interaction mode in the inhibition process 

between adsorbent and adsorbed (ElynAmira,2011). The Langmuir isotherm assumed that the adsorbed 

molecules occupy only one site and there was no interaction with other adsorbed molecules in metal surface 

(Hosseini et al., 2003). A plot of inhibitor concentration log C versus log (θ /1-θ) was presented in Figure-1 

http://www.ijrar.org/


© 2018 IJRAR January 2019, Volume 06, Issue 1                   www.ijrar.org  (E-ISSN 2348-1269, P- ISSN 2349-5138) 

IJRAR19J1067 International Journal of Research and Analytical Reviews (IJRAR) www.ijrar.org 493 
 

which gives straight line with slope values equal to unity  indicates that the system follows Langmuir 

adsorption isotherm (Muet al., 2005). 

Energy of activation (Ea) has been calculated from the slope of log ρ versus 1/T (ρ = corrosion rate, T = 

absolute temperature) (Fig.-2) and also with the help of the Arrhenius equation (Bruker et al., 1979). 

     log
ρ2

ρ1
=

Ea

2.303R
(

1

T1
−

1

T2
)           ……(4) 

Where, ρ1 and ρ2 are the corrosion rate at temperature T1 and T2   respectively. 

Results given in Table-2, indicates that the mean Ea values calculated by using eq. 4 for zinc in 0.05 M 

HClwere higher in inhibited acid ranging from 46.76 to61.66kJ mol-1 than mean Ea value for uninhibited acid 

(29.2kJ mol-1) which indicates physical adsorption of the inhibitor  on metal surface and the adsorption of 

inhibitor causes an increase in the Ea value of the process (Lebrinet al., 2010). The value of Ea were also 

calculated from the slope of   the Arrhenius plot of log ρ versus 1/T x 1000 (Fig.-2) shows good agreement 

with the calculated values. 

The value of heat of adsorption (Qads) was calculated by the following equation (Bruker et al., 1979). 

     Qads = 2.303R [log (
θ2

1−θ2
) − log (

θ1

1−θ1
)] [

T1T2

T2−T1
]……(5) 

where, θ1 and θ2  are the fractions of the metal surface covered by the inhibitors at temperature  T1 and T2 

respectively. 

It is evident that in all cases, the value of Qads were negative and ranging from -2.3 to -45.4kJ mol-1. The 

negative values shows that the adsorption and hence the I.E. decreases with rise in temperature. 

The values of the free energy of adsorption (ΔGa) were calculated with the help of the following equation 

(Vashiet al., 2008). 

log C  =  log ( θ  / 1 –  θ )  –  log B                                                ……(6) 

Where, log B = –1.74 – (Ga / 2.303 RT) and C is the inhibitor concentration. 

The mean ΔGºadsvalue were found negative and ranging from -28.3 to -35.5kJ mol-1 suggest that the 

adsorption mechanism of diethanolamineon zinc in 0.05 M HCl at the studied temperatures is physisorption 

with adsorptive layer having electrostatic character (Donahue et al., 1965). This is concluded on the fact that 

the values of ΔGºads -20 kJ mol-1are consistent with physisorption, while those around -40 kJ mol-1 or higher 

are associated with chemisorptions (Ibrahim et al., 2012). The enthalpy of adsorption (Hº
a) and entropy of 

adsorption (Sº
a) were calculated using the following equation. 

Hº
a = Ea – RT                                                 ……(7) 

Sº
a  =H -G /T                                             ……(8) 

Results indicates that values of ΔHºa were positive and increase in presence of inhibitor indicating a higher 

degree of surface coverage and higher protection efficiency attained due to raising the energy barrier for the 

zinc corrosion reaction. The enthalpy change ΔHºa was positive and ranging between 43.5 to 64.2kJ mol-1 

indicating the endothermic nature of the reaction suggests that higher temperature favours the corrosion 
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process (Desaiet al., 2018). Positive values of ΔSºa ranging from 0.19 to 0.29kJ mol-1 indicates that corrosion 

process is entropically favourable (Issaet al., 2002). 

Kinetic parameters: Rate constant (k) and Half-life (t1/2) : 

The rate constant ‘k’were calculated using the following equation (Ebenso, 2003), 

                 k = 1/t   ln (Wi/ Wf )     ……(9) 

Where, ‘Wi’ is the initial weight of the sample, ‘Wf’isthe final weight of the sample, ‘t’ is the immersion time 

(in days).  

The values of half-life (t1/2) were calculated by using the following equation  (Ebenso, 2004),  

                                  t1/2 = 0.693 / k                                              ……(10) 

where, ‘t’ is time in hours and k is rate constant. 

As concentration of inhibitor increases rate constant ‘k’ decreases whereas the half-life values are 

increases. The result are in good agreement with the result obtain by Muthukumaret al. 2009. Corrosion rate 

constant ‘k’ increases with increase in acid concentration (Table 3).  

PotentiodynamicPolarization study:  

Anodic and cathodic galvenostatic polarization curves for zinc in 0.01 M HCl acid, alone and containing 20 

mM concentration of diethanolaminewere shown in Fig.3. The curves show polarization of both, the cathodes 

as well as anodes. Electrochemical parameters such as corrosion potential (Ecorr), corrosion current density 

(icorr), anodic Tafel slope (βa), cathodic Tafel slope (βc) and percentage inhibition efficiency (I.E.) were given 

in Table-4.I.E. calculated from corrosion current obtained by extrapolation of the cathodic and anodic Tafel 

lines are given in Table 4.  I.E.calculated  fromthe Tafel plots were agree well (within ± 3%) with the values 

obtained from weight loss data. 

Inhibition efficiency (I.E.) from polarization study was calculated using following equation: 

 I.E.  % = {𝑖𝑐𝑜𝑟𝑟(𝑢𝑛𝑖𝑛ℎ )−𝑖𝑐𝑜𝑟𝑟 (𝑖𝑛ℎ)/𝑖𝑐𝑜𝑟𝑟 (𝑢𝑛𝑖𝑛ℎ)} x 100 ……(11) 

From Table-4, it was observed that the addition ofdiethanolaminein acid solution indicates the significant 

decrease in corrosion current density (icorr) and decrease incorrosion rate with respect to blank. There is 

significant change in the anodic and cathodic slopes after the addition of the inhibitor. In general, an inhibitor 

is anodic or a cathodic if the variation ofEcorr against the blank is higher or above than 85 mV (Quraishi et al., 

2003, Li et al., 2008). In this study, the displacement of the Ecorr was about 249 mV (Table 4), which suggest 

that the diethanolamine should be considered as aanodic type inhibitor. 

Mechanism of Corrosion:  

Generally, zinc dissolve in hydrochloric acid solution due to somewhat hydrogen type of attack, the 

reaction taking place at the microelectrodes of the corrosion cell being represented as, 

Zn   -------   Zn+2   +   2e- (anodic  reaction)               ……(12) 
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Reduction reaction is indicated by decrease in valence or the consumption of electrodes, as shown by the 

following equation. 

2H+   +   2e-   -------   2H  (ads.)  (cathodic  reaction)               ……(13) 

or    H   +   H3O
+  +  e- ------- H2   +   H2O 

or    O2   +   4H+  +  4e- -------  2H2O   

Mechanism of CorrosionInhibition: 

The mechanism of inhibition of corrosion is believed to be due to the formation and maintenance of a 

protective film on the metal surface. The inhibitive action of diethanolamine has been attributed to the strong 

adsorption on the metal surface using the lone pairs of electron available on the heteroatoms (Onuchukwu et 

al., 2013). The electron withdrawing ability of hydroxy group in alkanol compounds and their overcrowding 

on the nitrogen atom are found to influence the extent of adsorption in the case of di- and tri ethanolamines on 

the zinc surface (Ramnathan et al., 2010).The pka value for diethanolamine was 8.88. Higher the pka value 

higher will be the basicity and higher the I.E. (Vashi et al., 2010). The results are ingood agreement with the 

work of Desai et al. (2002) on the corrosion of zinc in HNO3 and Vashi et al. (2010)on the corrosion of zinc in 

sulfamic acid. 

CONCLUSION 

 As the acid concentration increase the corrosion rate increases. 

 I.E. of inhibitor decreases as the concentration of acid increases. 

 As the inhibitor concentration increases I.E. increases and corrosion rate decreases.  

 Addition of inhibitor in corrosive media indicates that as the temperature increases corrosion rate 

increases while I.E. decreases. 

 Diethanolamine adsorbed on metal surface following Langmuir adsorption isotherm. 

 Tafel plots of polarization measurements indicates that the inhibitor behave as mixed type but more 

anodic type inhibitor. 
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Table : 1:Corrosion rate (CR) and inhibition efficiency (I.E.) of zinc in 0.01, 0.05, 0.10 and 0.15 M HCl 

containing diethanolamine as inhibitor for an immersion period of 24 h at 301 ± 1 K. 

System 

Inhibitor 

Conc. 

Acid concentration 

      0.01 M 0.05 M 0.10 M 0.15 M 

CR    I.E. CR I.E. CR I.E. CR I.E. 

mM mg/dm2     % mg/dm2 % mg/dm2 % mg/dm2 % 

Blank -- 81.98     - 1136.48 - 3151.05 - 5221.85 - 

Diethanolamine 

5 5.4 93.41 155.33 86.33 1747.86 44.53 3800.54 27.22 

10 4.5 94.51 59.43 94.77 1432.68 54.53 2683.02 48.62 

15 3.37 95.89 48.63 95.72 607.38 80.72 2062.13 60.51 

20 2.25 97.26 31.97 97.19 337.23 89.3 813.15 84.43 

 

 

Table : 2 : Effect of temperature on the Corrosion rate (CR), Energy of activation (Ea) for the corrosion of 

Zinc in 0.05 M HCl acid at various inhibitor concentrations for an immersion period of 2h. 

 

 

 

 

 

 

 

 

 

 

 

Inhibitor 

Inhibitor 

Conc. 

Temperature, K Energy of Activation (Ea) 

313 323 333 (kJ  mol-1) 

CR I.E CR I.E CR I.E 
313-

323 

K 

323-

333 

K 

Mean 

From 

Arrhenius 

Plot mM 

(mg  

dm-2d-

1) 

(%) 
(mg  

dm-2d-1) 
(%) 

(mg  

dm-2d-1) 
(%) 

Blank -- 11389.4 - 19137.3 - 26220.6 - - - 29.29 34.19 

Diethanolamine 

5 1150.8 89.89 2263.8 88.17 4781.6 81.77 56.88 66.88 61.66 48.85 

10 961.6 91.56 1718.1 91.02 3301.2 87.42 48.79 58.41 53.60 42.66 

15 750.9 93.41 1118.4 94.16 2188.2 91.66 33.49 60.03 46.76 42.55 

20 340.4 97.00 588.9 96.92 1096.8 95.81 46.08 55.61 50.84 48.53 
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Table : 3 : Kinetic data for the corrosion of Zinc in various concentration of HCl containing different 

Concentrations of diethnolamine. (from the weight loss measurements) 

 

Effective area of specimen: 0.2221 dm2     Immersion period: 24 h     Temperature: 301 ± 1K 

Inhibitor 

Inhibitor 

Conc. 

Acid concentration 

0.01 M 0.05 M 0.10 M 0.15 M 

Rate 

Constant 

Half-

life 

Rate 

Constant 

Half-

life 

Rate 

Constant 

Half-

life 

Rate 

Constant 

Half-

life 

k х 10-3 t1/2 K х 10-3 t1/2 k х 10-3 t1/2 k х 10-3 t1/2 

mM day-1 day-1 day-1 day-1 day-1 day-1 day-1 day-1 

Blank - 1.61 430.4 21.7 31.8 63.1 10.9 109.6 6.3 

Diethanolamine 

5 0.10 6930 2.9 231.7 35.1 19.7 76.3 9.0 

10 0.08 8250 1.1 56.7 27.3 25.3 53.2 13.0 

15 0.06 11745.8 0.9 714.4 12.3 56.0 40.5 17.0 

20 0.04 16500.0 0.6 1117.7 6.4 107.6 15.8 43.8 

 

 

Table : 4 : Polarisation data and inhibition efficiency (I.E.) of diethanolamine for zinc in 0.01 M HClat 301 ± 

1 K. 

 

Inhibitor concentration: 20 mM   Effective area of specimen: 0.2221 dm2 

System 
Ecorr 

CD 
Tafel slope 

(mV/decade) 
  

I.E. (%) from  

methods 

Icorr Anodic Cathodic B  Weight 

loss 
Polarization 

(mV) (mA/cm2) βa -βc (mV) 

Blank 
-

1040 
0.119 36.36 277.77 13.96 - - 

Diethanolamine -791 0.006 120.84 148.14 28.93 97.26 94.96 

βa = Anodic Tafel constant,          βC = Cathodic Tafel constant. 

CD = Corrosion current density from interception of anodic and cathodic lines 
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Figure : 1 : Plot of log (θ/1-θ) versus log C for diethanolamine in 0.05 M HCl  concentration. 

 

 

Figure : 2 : Arrhenius plots for corrosion of zinc in 0.05M HCl in presence of 20 mM inhibitor. 

 

 

Figure : 3 : Polarization curve for corrosion of zinc in presence and in absence of 20 mM concentration of 

diethanolamine  in 0.01 M HCl 
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