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Ethylamines as Corrosion Inhibitorsfor Zinc in Nitric Acid
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Thecorrosion of zincin nitric acid containing ethylamines
has been studied. In plain nitric acid, the corrosion rate
increases with the acid concentration and temperature. At
constant acid concentration, theinhibition efficiency of ethyl-
amines increase with the inhibitor concentration. Similarly,
at constant inhibitor concentration, the inhibition efficiency
increases with the increase in concentration of acid. At 40
mM inhibitor concentrationin 0.01 M HNOs at 301 +1 K for
24 himmersion period, theinhibition efficiency of inhibitors
decreasesin the order:ethylamine (92 %) > diethylamine (91 %)
> triethylamine (82 %). As temperature increases, the value
of AGaincrease while percentage of inhibition decrease. Plot
of log (6/1-6) vs. log C results in a straight line suggest that
theinhibitors cover both anodic and cathodic regionsthrough
general adsorption following Langmuir isotherm. Anodic and
cathodic galvenostatic polarization curves show little anodic
but significant cathodic polarization.
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INTRODUCTION

The problem of corrosion is of considerable importance, due to
increasingly use of metals and aloys in the modern life day-by-day. Zinc
is one of the most important non-ferrous metals which find extensive use
in metallic coating. Zinc, like aluminium, is amphoteric in its behaviour
towards acidic and alkalies'. Aromatic, aliphatic and heterocyclic amines
have been extensively investigated as corrosion inhibitors**. According to
Hackerman et al.>® theinhibitive properties of aseriesof secondary aliphatic
and cyclic aminesin acid mediaare controlled by the percentage of m-orbital
of free electron on the nitrogen atom of these compounds.

In the present work, the corrosion of zinc by nitric acid containing
ethylamine [C,HsNH;], diethylamine [(C;Hs):NH] and triethylamine
[(CzHs)sN] has been reported.
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EXPERIMENTAL

The chemica composition of test specimen was found to be Zn = 98.50 %,
Pb = 0.02 %, Cd = 0.02 % and Fe = 0.01 %. Rectangular specimens (5.0
cm x 2.0 cm x 0.1 cm) of zinc with small hole of 0.75 cm diameter near the
one end having an areaof 0.2116 dn* were used for determination of corrosion
rate. All the specimens were cleaned by buffing and wrapped in plastic bag
to avoid atmospheric corrosion before used.

To study the corrosion of zincin nitric acid, weight loss method, temper-
ature effect, potential aswell as polarization measurements have been used.

The specimens having an area of 0.2116 dm? were immersed in 0.01,
0.02 and 0.03 M acid concentration with and without inhibitor containing
230 mL test solution at 301 + 1 K for 24 h. After the test, specimens were
cleaned by 10 % chromic acid solution having 0.2 % BaCOs for aperiod of
about 2 min’. After cleaning, test specimens were washed with distilled
water followed by acetone and dried with air drier. Triplicate experiments
were performed in each case and the mean values of weight loss were
reported in form of corrosion rate as shown in Table-1. All chemicals used
were of AR grade. The test solutions were prepared in double distilled
water.

To study the effect of temperature on corrosion of zincin 0.03 M HNGO;,
the specimenswereimmersed in 230 mL of corrosive solution and corrosion
rate was determined at solution temperature of 303, 313, 323 and 333 K
for an immersion period of 2 h with and without inhibitors. From these
datainhibition efficiency (I.E.), energy of activation (Es), heat of adsorption
(Quus), free energy of adsorption (AG%), change of enthalpy (AH%) and
entropy of adsorption (AS®,) were calculated in Table-2.

A zinc specimen having an area of 0.0675 dm? was immersed in 0.01
M HNO; with and without 40 mM inhibitors concentration in 100 mL test
solutionsand potentid (mV) were measured againgt saturated calomel eectrode
as areference electrode for every 5 min till the constant value of potential
was attained.

For polarization study, metal specimens having an area of 0.0247 dm?
were exposed in 500 mL corrosive solution with and without 40 mM
inhibitor concentration in 0.01 M HNOs. The test cell includes the metal
specimen asaworking electrode, corrosive solution in which the specimen
wasto betested and saturated calomel electrode (SCE) was used asarefer-
ence electrode. Two counter electrodes were used to supply the current
flowing at the working electrode during the test. The polarization study
was made using galvenostate/potentiostate meter [EG and GRPARC model
273]. Graphswere plotted between potential and log current density (called
Tafel plots). Cathodic and anodic polarization curves give cathodic and
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anodic Tafel lines correspondingly. The intersect point of cathodic and
anodic Tafel lines gives the corrosion current () and the potential®.
Inhibition efficiency (1.E.) has been calculated as follows:

I.E. (%) = [(Wu-Wi)/Wu] x 100 (@)
where, Wu = weight loss of metal in uninhibited acid and Wi = weight loss
of metal in inhibited acid.

Energy of activation (E,) has been calculated from the slope of log p
vs. 1T (p = corrosion rate, T = absolute temperature) and also with the
help of the Arrhenius equation®.

log p/p: = Eal2.303 R[(UT)~(UT2)] )

where, p; and p. are the corrosion rate at temperature T, and T, respec-
tively.
The value of heat of adsorption (Q.s) Was calculated by the following
equation®.
Qus=2.303 R[lOg (92/1—62) — IOg (91/1—61)] X [T1T2/T2—T1] (3)

where, 6, and 0, [0 = (Wu-Wi)/Wi] are the fractions of the metal surface
covered by the inhibitors at temperature T, and T, respectively.
The values of the free energy of adsorption (AG%) were calculated
with the help of the following equation.
log C =log (6/1-6) - log B 4%
where, log B =-1.74 - (AG®/2.303 RT) and C isthe inhibitor concentration.
The enthalpy of adsorption (AH®gs) and entropy of adsorption (AS )
are calculated using the following egns. 5 and 6.
AH%4 = Ea-RT (5)
ASoads = [AHoads - AGoads]/T (6)

RESULTSAND DISCUSSION

Theresults are given in Tables 1-3. To assess the effect of corrosion of
zinc in nitric acid, ethylamines are added as inhibitors.

Corrosion by plain acid: The rate of corrosion increases with the
increase in acid concentration. The corrosion rate was 250.7, 515.1 and
699.5 mg/dm?in 0.01, 0.02 and 0.03 M HNO; concentrations, respectively
for aperiod of 24 hat 301 + 1 K as shown in Table-1.

Effect of specific conductivity: It wasfound that specific conductivity
was 2.9 x 10 5.8 x 10 and 9.5 x 10°® ms/cm for 0.01, 0.02 and 0.03 M
acid concentration, respectively. This suggests that specific conductivity
increases with increase of acid concentration. The addition of inhibitors
decrease the specific conductivity for ethylamine, diethylamine and tri-
ethylamine are 1.14 x 10, 0.88 x 10 and 1.01 x 10 ms/cm, respectively
at 40 mM inhibitor concentration in 0.01 M acid concentration.
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TABLE-1
CORROSION RATE (CR) AND INHIBITION EFFICIENCY (l.E.) OF
ZINCIN 0.01,0.02 AND 0.03 M HNO, CONTAING INHIBITORS
Immersion period: 2 h

Acid concentration

oysem '”g')ggor 0.0LM 0.02 M 0.03M
() Seem  LE CR  IE R IE
(%) | (mg/dm’) (%) |[(mg/dm’) (%)
A T »07 - 5151 - 6095 -
10 1472 41 | 2558 50 | 2877 59
5 20 1153 54 | 2005 61 | 2079 70
30 79 71 | 153 76 794 89
40 191 92 243 95 25 97
10 1615 36 | 2833 45 | 3543 49
c 20 1273 49 | 2455 52 | 2626 63
30 865 66 | 1719 67 | 2165 69
40 29 9 %5 93 378 9%
10 1713 32 | 3119 40 | 4031 22
5 20 1364 46 | 2577 50 | 2771 60
30 %6 62 | 1814 65 | 2079 70
40 58 82 600 88 638 o1

A =HNO,; B =HNO, + ethylamine, C = HNO, + diethylamine, D = HNO, +
triethylamine.

Effect of inhibitor concentration: At constant acid concentration,
the |.E. of the ethylamines increases with the inhibitor concentration, e.g.
in the case of ethylamine for 0.03 M HNO; the I.E. was found to be 58.9,
70.3, 88.7 and 96.8 % with respect to 10, 20, 30 and 40 mM inhibitor
concentration respectively (Table-1).

Effect of acid concentration: At constant inhibitor concentration, the
I.E. increases with the increase in acid concentration. At 40 mM inhibitor
concentration, the I.E. of ethylamine is 92, 95 and 96 % with respect to
0.01, 0.02 and 0.03 M acid concentration, respectively (Table-1). At 40
mM inhibitor concentration in 0.03 M acid, the efficiency of inhibitors
decreases in order: ethylamine (97 %) > diethylamine (95 %) > triethyl-
amine (91 %). It is observed that ethylamine acts as efficient inhibitor.

Effect of temperature: To determine the effect of temperature on
corrosion, corrosion rate was measured in 0.03 M HNO; containing 10, 20,
30 and 40 mM inhibitor concentration at solution temperature of 303, 313,
323 and 333 K for an immersion period of 2 h. As the temperature
increases, corrosion rate increases (Table-2). shows that corrosion rate
increases. This may be due to the desorption of the adsorbed molecules-
inhibitor and/or aggressive at higher temperature and thus exposing the
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fresh metal surfaceto further attack™ which resultsin intensification of the
kinetics of electrochemical reaction and thus explains the higher corrosion
rate at elevated temperature. The addition of ethylaminesin corrosive media
indicates that as the temperature increases |.E. decreases, e.g. in 0.03 M
HNO; at 40 mM inhibitor concentration, the |.E. for ethylamine was 90,
88, 84 and 81 % at 303, 313, 323 and 333 K, respectively.

Mean 'Ed value calculated (egn. 2) for zincin 0.03M HNO;is16.4 kJ/
mol. In acid containing inhibitors, the mean E. values are found to be 2
times higher than that of uninhibited system. Mean E. valuesare 33.9, 34.9
and 33.5 kJmol for ethylamine, diethylamineand triethylamine, respectively
(Table-2). The higher values of mean E, indicates physical adsorption of
theinhibitorson metal surface™. Thevalues of E, calculated from the slope
of Arrhenius plot and using egn. 2 are ailmost similar. From Table-2, it is
evident that in all cases, the Q. Values are negative and range from -13.3
to -29.3 kJmol. As the temperature increases values of 'Q.s decreases
(becomes more negative). The negative Q.us val ues showsthat the adsorption
and hence the |.E. decreases with rise in temperature™.

The values of mean AG% are given in Table-2. In all cases, mean AG%,
valuesare negative and liein therange of -12.5 (triethylamine) to-12.8 k¥/mol
(ethylamine). The most efficient inhibitor shows more negative AG% value.
This suggests that they are strongly adsorbed on the metal surface.

The enthalpy changes (AH%) are positive indicating the endothermic
nature of the reaction™ suggesting that higher temperature favoursthe corro-
sion process. The entropy (ASP,) vaues are positive confirming that the
corrosion process is entropically favourable®®.

Polarization behaviour: Anodic and cathodic gal venostatic polarization
curvesfor zincin 0.01 M HNO; acid, alone and containing 40 mM concen-
tration of ethylamines. The curves show polarization of both, the cathodes
aswell asanodes. | .E. calculated from corrosion current obtained by extra-
polation of the cathodic and anodic Tafel lines are given in Table-3. In
amost all the cases, the efficienciesfrom Tafel plotsagreewell (within+ 5 %)
with the values obtained from weight loss data.

M echanism
Zinc dissolvesin HNO; by the following reaction.
Zn — Zn* + 2e" (anodic reaction) (7
Various cathodic reactions can also occur simultaneously on a metal
surface as shown below.
2H" + 26" — 2H (ads) (8)
HNO:; isastrong acid and therefore ionize completely and undergoes
dissolution with the formation of H* ions as only positive ions".
HNO; =—= H'+NOs )



Val. 20, No. 6 (2008) Ethylamines as Corrosion Inhibitors for Zinc 4559

In dilute HNOs the partial ionic equation is as follows'.

NO; +4H" + 26 == NO + 2H,0 (10)

The mechanism of inhibitor of corrosion is believed to be due to the
formation and maintenance of a protective film on the metal surface. Further,
when log [(6/1-0)] isplotted against log C straight lines are obtained in the
al the three inhibitors studied. This suggests that the inhibitors cover both
the anodic aswell as cathodic regions through general adsorption following
Langmuir isotherm. In HNOs, generally at al concentrations, the order of
I.E. inthe decreasing order asfollows: ethylamine > diethylamine > triethyl-
amine.

Following points are important for mechanism of these compounds:
The |.E. of these compounds does not depends on pK, value. +I inductive
effect islowest in ethylamine and highest in triethylamine. Asthe +I effect
increases the |.E. decreases, because due to +1 effect electron releasing
power increases so the corrosion increases. Number of ethyl group increases
while lone pair of electron remain same in all these three inhibitors. Tri-
ethylamine showsthe lowest inhibition. Thisisdueto structure, the degree
of chain branching appears to the opposite effect with respect to charge
density™.

Conclusion

(8) As the acid concentration increase the corrosion increases. (b) At
constant inhibitor concentration, the inhibition energy (1.E.) of al inhibitors
increases as the concentration of acid increases. (¢) At al concentration of
acid, as the inhibitor concentration increases |.E. increases and corrosion
rate decreases. (d) At 40 mM inhibitor concentration and 0.01 M acid concen-
tration ethylamine shows better 1.E. while triethylamine shows less effective.
(e) Addition of inhibitorsin corrosive mediaindicates that as the temperature
increases corrosion rate increases while | .E. decreases. (f) In all cases, the
valuesof heat of adsorption (Qus) and the values of free energy of adsorption
(AG®y) are negative. (g) Vaue of change of enthal py (AH%) and entropy of
adsorption (AS®%,) are positive shows higher the positive value higher the
inhibition. (h) Mean value of 'E,’ ininhibited acid are higher then the value
of 'E4 in acid only, which showsthat chemisorption's of the inhibitor mole-
cule. (i) log [(6/1-6)] vs. log C (inhibitor concentration) shows straight
line, which indicate that the inhibition action appears to be the
chemisorption’'s and inhibitors cover both anodic and cathodic region
through general adsorption following Langmuir isotherm.
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