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ABSTRACT

The inhibition of corrosion of zinc in hydrochloric acid by aliphatic amines like, triethylamine, triethanolamine
and ethanolamine has been studied with respect toinhibitor concentration and temperature. The inhibition
efficiency of aliphatic amines increased as the concentration of the inhibitor increased, while decrease with the
increase in concentration of the acid and temperature. Weight loss data at different temperatures was used to
determine activation energy. The activation energies in inhibited acid are higher than that in plain acid. For all
inhibitors, the heat of adsorption (AHags) and free energy of adsorption are negative. The plot of log (6/1-6)
versus logC results in a straight line, suggest that, the inhibitors appears to function through adsor ption following
Langmuir isotherm. Galvanostatic polarization curves show polarization of both anodes as well as cathodes.
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INTRODUCTION

Corrosion resistance property of zinc is so impdrthat nearly half the word’s annual consumptibthe metal is
used to protect steel from rusting. Due to varimdustrial applications and economic importanceziot, it's
protection against corrosion attracted much atventThe corrosion behavior of zinc is affected loyhh alkaline
and acid solution, the corrosion being more sevé'avalues below 6 and above 12.5[}drochloric acid is a
strong inorganic acid that used in many industr@bcesses. Aliphatic amine, aromatic amine and
heterocycliccompound have been extensively invastilas corrosion inhibitor[2-6]. According to Haokan et
al[7], the percentage of- orbital of free electron on the nitrogen atomsetondary aliphatic and cyclic amines
controlles the inhibitive properties of these commis. The efficiency of few Schiff bases as asion inhibitor
[8-9] has been also reported.

In the present work, the effect ofiplahtic amines like triethylamine, triethaamiine and thanolamine
as corrosion inhibitor for zinc in hydrochloric ddias been reported.

MATERIALSAND METHODS

To study the corrosion of zinc in hydrochloric gamdethods such as weight loss and polarization baea used.
Rectangular specimens (5.25cmx2.50cmx0.2cm) of 098 pure zinc with a small hole of about 3 mm
diameter just near the one end of the specimen beee used. The specimens were polished byingyftlean
with distilled water several times, then degex by acetone and dried by air drier. Each spgaTimas
suspended to the same depth using pyrex glass fibekvolume of corrosive solution taken was 200fonlall

2305
www.scholar sresear chlibrary.com



Harshida G. Chaudhari et al Der Pharma Chemica, 2012, 4 (6):2305-2312

experiment. Only one specimen was suspended imex fpeaker of 250 ml capacity. The weight loss expent
was carried out in various concentration of hydlogb acid with and without inhibitors of different
concentration (5 to 25 mM) at temperature 302 +fbk24 hours. To study the effect of temperatmecorrosion

of zinc, the weight loss experiment was carried iou0.025 N hydrochloric acid at different temperat 303,
313, and 323 K for an immersion period of 3 houithvand without inhibitor. After the test, the gpen was
cleaned by 10% chromic acid solution having 0.2 %CB83[10]. After cleaning, the test specimens were
washed with distilled water followed by acetone afried by air drier. The mean value of weight losas
reported as mdd. All the chemicals used were ofRA.grade. The corrosive solution was prepared inbtin
distilled water. From the data, inhibition effic@n(lE %), energy of activation (E heat of adsorption (§39 and

free energy of adsorptionGadg9 were calculated.

For polarization study, metal specimens having rea &f 1 cn% where immersed in 200 ml corrosive solution
without and with 25 mM inhibitor concentration in0Q N hydrochloric acid. The test cell include the metal
specimen as a working electrod®mrrosive solution in which the specimen w#s be tested, and
saturated calomel electrode (SCE) as a referabeetrode as well as platinum electrode as an iauil
electrode. The polarization study was made by uBiaggntio — Galvano — Scan meter. Polarization esiwere
plotted with potential against log current dengitalled Tafel plot). Cathodic and anodic polaii@atcurves
give cathodic and anodic Tafel lines corresjpoglg. The intersect point of cathodic andhodic Tafel
lines gives theorrosion current gory) and the corrosion potential dgrp)[11]

RESULTSAND DISCUSSION

To study the effect of inhibitor concentration inhibition efficiency of the inhibitors, eight loss were
determined in 0.01 N, 0.025 N and 0.050 N hydrogblacid, containing various concentrations ofilitor at
302 + 1 K for exposure period of 24 hours. Thehition efficiency (I.E %) was calculated as follaws

W, — W,

IE% = ( ) = 100
% 7

(1)

Where, W= weight loss in uninhibited acid, and; Wweight loss in inhibited acid.

The results given in table-1, show that a speciwferinc immersed in plain acid suffers a weightsla$ 307.33,
611.24 and 1157.41 mdd in 0.01 N, 0.025 N and ONSCCI respectively.

The results show that for all the three concemiratiof the acid, the concentration of the inhibgoimcreased, the
weight loss due to corrosion decreases. The orflefficiency of the different inhibitor at 25 mM poentrations
is found to be:

(@) In 0.01 N HCI :
ethanolamine (98.45 %) > triethylamine (95.34 %jiethanolamine (70.84 %)

(b) In 0.025 N HCI :
ethanolamine (89.80 %) > triethylamine (83.27 %jiethanolamine (64.49 %)

(c) In 0.05 N HCI :
triethylamine (47.72 %) > ethanolamine (40.45 %jiethanolamine (38.33 %)

When the plot of log6(1- 6) versus log CH = fraction of the metal surface covered by thiikitor, C =
inhibitor concentration) were drown, straight linesre obtained (fig.-1). This suggests that thaibittors get
adsorbed on the metal surfdoiowing Langmuir adsorption isotherm[12].
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Table 1 : Waight Loss Data for Corrosion of Zinc in Hydrochloric Acid
Solution : Effect of Aliphatic Amines.

Surface area of specimen : 29.35cm”

arid concentration :

0.01N

0.025 N

Temperature : 23 = 1°C
immersion pericd @ 24 hrs
0.050 N

Inhibitor and its

Corrosion Inhibiton Corrosion

Inhibito Corrosion Inhibibon

concentration in rate Efficiency rate {(mdd]) n rate Efficiency
mM {mdd) (IE%a) Effidency (mdd) (IE%@)
[IE%)
Blank 207.22 611.24 1157 .41
Triethylamine 3 151.96 50.55 451.45 26.14 1019.76 11.89
i0 71.55 7672 315.84 42,32 970.36 16.16
15 40,20 86.91 248.38 59,36 847.70 26.68
20 1542 93.68 186.71 69,45 786.27 33,79
25 14.31 95.34 102.21 83.27 605.11 47.72
Triethanolamine 35 161.16 47.56 454,03 19.18 1060.99 8.23
i0 1322.53 56.87 396.25 35.17 971.38 16.07
15 10971 54,30 274,62 55.07 g878.71 24,08
20 93.70 693,51 236,80 61.26 783.599 37.34
25 89.61 70.84 217.04 &, 45 713.80 38.32
Ethanolamine 5 11210 63.53 421.43 21.24 1069.85 7.57
i0 62.35 7971 382.28 37.45 887 .56 232.31
15 26.24 5146 272.57 55.41 B83z.81 26.32
20 17.72 S4.24 147.87 73.81 638.13 39.69
25 477 S98.45 62.35 89,80 689.27 40,45
Triethylamine
25
20
15
@
3 10
< o5
0.0
05
-2.50 -2.30 -2.10 -1.90 -1.70 -1.50
log C (M)
Triethanolamine
0.8
07
0.6
o 05
o 04
2 03
< 02
0.1
00
-0.1
-2.50 -2.30 2.10 -1.90 1.70 -1.50
log C (M)
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Ethanolamine

-2.50 -2.30 -2.10 -1.90 -1.70 -1.50
log C (M)

Fig 1: Langmuir Adsorption Isotherm for Corrosion of Zincin 0.01 N HCI Solution Containing Aliphatic Amine.

To study the effect of temperature on inhibitoricéncy, corrosion rate were determined in 0.026
hydrochloric acid, plain as well as inhibitesblution at temperature of 303, 313 and 323 K.

Energy of activation (§ has been calculated with the help of Amibe equation[12].
Pz Ea 1y 1y
1295 =755 ()~ (7
g 2.303R 1\TY r/

Where, 24 andp; are the corrosion rate (in mdd) at temperatureaiid T2 K respectively.

(2)

The values of the apparent energy of activationyEe also calculated from the slopes of plotogipl versus 1/T
K following the Arrhenius equation.

o= A gEA/RT

Where p = corrosion rate, A= constant, R= gas constant, lease of the natural logarithm, and T = Kelvin
temperature

The values given in table -2 show that the Ea \wlae low (8.27 k cal.m'ojl) in uninhibited acid whereas in
inhibited acid they are higher. The higher valuactvation energy (& in the presence of inhibitor as compared to
the activation energy in the absence of inhibitohydrochloric acid indicates that the inhibitodirces the energy
barrier for the corrosion reaction, which leadshte decreasing of rate of corrosion of zinc in pneg of inhibitor.
The activation energy in inhibited acid is rangfrgm 8.76 k cal/mole to 14.95 k cal/mole, whichioates that the
inhibitors are adsorbed physically. According to KO.Aiola, B. B. Damaskin [13, 14], the value oftiaation
energy less than 19.12 k cal/mole (80 k J/mole) eweh smaller than 1.19 k cal/mole (5 k J/moleyespnts
physical adsorption.

The value of heat of adsorptionggy was calculated by the following equation [15].

log (1 i&) ~log (1 —3131 )] X [(le_T;l)]

Where,01 and62 [0 =W, — W, /W] are the fraction of the metal surface coveretheyinhibitors at temperature
T1 and 2 K respectively.

Quas = 2.303R

(3)

The value of the free energy of adsorptiaadg was calculated with the help tfe following equation[16].

g
logC = log (m) —logB "

Where,
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AG® 4
logB = —1.74 — (¢)
°g 2.303RT
and C is the inhibitor concentration.

The results given in table -2 show that in all ti¥ses, the corrosion rate increases with tempertdtawever, the
efficiency of inhibitors decreases.

From the value ofAGads and Qqgds given in table-2 it is evident that for all the ibitors the heat of
adsorption and free energies of adsorptiom @megative. This suggest that there is a gtroeraction of the
inhibitor molecules with the metal surface [17]rrfing a highly adherent film. The lowG,4s value in this case
further confirms physical adsorption.

Table 2 : Effect of Temperature on Corrosion Rate (mdd), Inhibition Efficiency (IE%), Energy of Activation
(Ea), Heat of Adsorption (Q.4s), and Free Energy of Adsorption (AG,) for Zinc in 0.025 N
Hydrochloric Acid containing Aliphatic Amine as Inhibitor.

surface area of specimen : 29.35 cm? Immersion period : 3 hours
Free Energy
of
inhibitor and its Energy of Adsorption
concentration in Activation (Ea) Head of Adsorption AG,
Mm Temperature (K) K Cal. mole * Q.4 K.cal.mole™®  K.cal.mole™
E from
Mean E Arhenius 303-313 313-323
303K 313K 323K from eq. Plot K K Mean
CR IE CR IE CR IE
Blank 534.24 --- 703.24 --- 1237.48  --- 8.27 8.35
Triethylamine 5 212.61 60.20 346.17 50.78 970.36 21.58 14.95 15.09 -7.21 -26.55 -5.60
25 68.14 87.24 95.40 86.43 174.45 85.90 9.23 9.34 -1.34 -0.89 -5.94
Triethanolamine 5 234.41 56.12 329.81 53.10 572.40 53.74 8.76 8.87 -2.30 0.52 -5.90
25 65.42 87.78 92.67 86.82 193.53 84.36 10.68 10.78 -1.58 -4.02 -5.93
Ethanolamine 5 231.69 56.63 376.15 46.51 951.28 23.13 13.89 14.03 -7.66 -21.32 -5.56
25 57.24 89.29 84.50 87.98 171.72 86.12 10.79 10.92 -2.45 -3.32 -6.02
33 #Blank
W Triethyl amine
31 Triethanol amine
Ethanol amine
K Hexamine
AQB
%27
; 25
é 23
éQl
19
17
15
3.05 31 3.15 32 325 33 3.35
1/T X 1000 K
fig 2(b)Arrhenius Plots for Corrosion of Zinc in 0.025N HCI in Absence
and Presence of 25mM Aliphatic Amine
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*Blank
W Triethyl amine
Triethanol amine

31
Ethanol amine
X Hexamine
29
-

log p (corrosion rate)(mdd)

305 3.1 315 32 3.25 33 335
1/T X 1000 K

fig 2(b)Arrhenius Plots for Corrosion of Zinc in 0.025N HCl in Absence
and Presence of 25mM Aliphatic Amine

Galvanostatic cathodic and anodic polarization messents were carried out in 0.01 N HCI solution, i
presence and absence of triethylamine, trietharinlmand ethanolamine. In 0.01 N HCI solution traues
of Icorr, Tafel parameter§g and B¢ obtained in presence and absence of aliphatic anpiresented in table -3.
In 0.01 N HClI solution, the value af,} obtained by Tafel extrapolation was 53.50 uA/emd theBc andpa values
were 220.70 and 109.70 V/decade respectivglyvhlues in presence of aliphatic amines have navenvation but
more deviation from that in plain acid. The inhilsiadsorption shifted the corrosion potentig} Fwith respect to the
blank, but this shift is not more than 85 mV. Aatiog to Riggs and others, the classification obepound as an
anodic or cathodic inhibitor is feasible when tloéemtial displacement is at least 85 mV in relatmthat measured
for the blank solution. So it can be say that tiehitors are mixed type inhibitor.

Table 3 : Tafel Parameters and Inhibition Efficiency (IE%) for Zinc in 0.01 N Hydrochloric acid solution
containing Aliphatic amine.

Surface area of specimen : 1 cm? Temperature : 25°C
Inhibitor Concentration : 25 mM

Inhibitor Open circuit Corrosion current Tafel slope (V/decade) Inhibition effeciency (IE%)

potential (mV) density I, Calculated from
2
(hA/cm”) Cathodic .  Anodic B, Polarization Weight loss
method method
Blank -1030.00 53.50 220.70 109.70
Triethyl amine -984.10 1.76 301.90 70.70 96.71 95.34
Triethanol amine -1059.00 18.00 234.00 129.90 66.36 70.84
Ethanol amine -933.60 1.23 231.70 72.40 97.77 98.45
1500V -1.000 vV
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Potentiodynamic Scan Fotentiodynamic Scan
1000V 500.0 mv

0.000v
0,000V

-S00.0 my
5 too0v

1000V

2000V 1500V
10.00 nA. 100.0nA 1.000 A 10.00 pA 100.0 pA 1.000 mA 10.00 mA 100.0na 1.000 pa 10.00 pa 100.0 pA 1.000ma. 10.00 mA.

Im (A) Im (A)

8- CURVE (HC-Zinc 0.01 N HCL  triethanol amine @~ CURVE (HC-Zinc 0.01 N HCL - ethanol amine;

Fig. 3: polarization Curvesfor Corrosion of Zincin 0.01 N HCI Solution Containing 25 MmM Inhibitor Concentration

M echanism of Corrosion Inhibition

As the evident from the results the higher inhdritiefficiency (IE) at different concentration ofettaliphatic
amines can be attributed to the presence of nitragem of amino group (-NH2). Nitrogen atom in h#gic
amines acts as the reaction cenbcause of its higher electron density. This reactientre terms and the
same trend ignaintained even at higher environment concedotrat In case of ethanolamine, somewhat
higher inhibition efficiency is observed. This belmt may be mainly due to —OH group which act ascebn
repelling group and provides more electron dertsitthe nitrogen atom and therefore increased electiensity
on the N atom results in higher inhibition actidincan be assume that a bond of lewis acid base ggnerally
with the inhibitor as electron donor and the meislthe electron acceptor may play important rolddoreasing
corrosion rate.

Somewhat less inhibition efficiency (IE) is obseatveith triethanolamine. As the number of ethanabugrs
increases on N atom, this crowding results in stvdiich is less in ehanolamine and more in trietteamine. Due
to this, the stability of molecule is high in etloéamine than triethanolamine and so basicity i© alsduce.
Because of this effect, ethanolamine gave highéibition than triethanolamine in hydrochloric aciHigh
efficiency of triethylamine may be attributed teethresence of gHs group in the vicinity of nitrogen atom of
amino group (-NH). Presence of -5 group increase the electron charge cloud densitgnmino (-NH)
group and this increased electron density, whishresponsible for the enhancement of iniwbiefficiency
(IE) of the compound. But the inhibition efficienéy not as high as for ethanol amine, it may be @usteric
hindrance of it.

CONCLUSION

From the results of the study, the following cosabim may be drawn:

1. The corrosion rate of zinc increase with inseeim acid concentration.

2. The extent of inhibition increases with there@ase in concentration of inhibitors.

3. All the aliphatic amine provides protectionathgh a physical adsorption.

4. The change in anodic and cathodic Tafel valimegresence of aliphatic amines indicate theiraften both
anodic and cathodic process, however, somewhattesdic polarization, but greater cathodic apahtion in
plain as well as in inhibited acid suggest fin&iibitors function by general adsorption at calicoas well as
anodic regions of the metal surface.

5. There was good agreement in the value of itibibiefficiency calculated using polarization teirhue and
weight loss data.
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