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Abstract

The influence of ethanolamine and ethylamine oncttreosion behaviour of mild steel in 1IM$0, solution was
investigated at room temperature 125 by weight loss method. Results obtained show tth& compounds are
better inhibitors at low concentrations (<0.3M).offr the decreasing weights of the metal over tinme, t
concentrations of the metal was evaluated and pldtsgarithm of the concentration of metal versose as well as
Erying-type equations facilitated the access of thermatyn parameters such as equilibrium constant (khadpy
(AH*) and entropy AS*) of the corrosion process. The entropy of thgragsive ions was found to have reduced on
introduction of the inhibitors into the corrodentedium. Attempt to correlate the molecular strucucé the
inhibitors to the mechanism of inhibition was made.
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1. Introduction

The development of corrosion inhibitors is of grogiinterest in the field of industrial chemistrg, @rrosion poses
serious threats to the service lifetime of metalsvall as alloys used in the industry (Mabratlal. 2011). Mild
steel is extensively used in industry especialtystouctural applications, but its susceptibilibyrtisting in humid air
and its high dissolution rate in acidic media & iajor obstacles for its use (Saattial. 2009). Therefore, efforts
toward the enhancement of the corrosion resistafdbe alloy have become a continuous idea (Popeo&.
2012).

It is well known that a particular inhibitor whidajives a very high efficiency for a particular metalalloy in a
specific medium may not work with the same efficigifior other metals in the same or similar mediudwséphet
al. 2010). Hence, the inhibition efficiency stronglypeads on the structure and chemical propertieseointhibitors
under the particular experimental condition (De&s#apopara 2009).

Nitrogen containing organic compounds have beedieduas corrosion inhibitors for mild steel in acidnedia
(Chitraet al. 2010; Lotoet al. 2012; Mistryet al. 2011; Acharyet al. 2008; Kumar & Karthieyan 2012; Quaraishi &
Sardar 2004; Mobiret al. 2011). Other experimental studies have also beaiedaout separately on the use of
ethanolamines and alkylamines as corrosion inhibi¢Singhet al. 2008; Ashassi-Sorkhabi & Nabavi-Amri 2000;
Khalifa et al. 2010; Vashit al. 2010; Vashi & Bhajiwala 2010).

Contrary to previous studies, the present workosu$ed on a comparative investigation of ethanalangind
ethylamine as corrosion inhibitors for mild steelliM sulphuric acid solution.
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2. Experimental

Hitherto, various kinetic and thermodynamic pararehave been monitored in corrosion of metalswaight loss
trends, gasometric methods, thermometric methetits However, the experimental model developedHisr study
was implemented using the weight loss technique. Whight loss method of monitoring corrosion rateuseful
because of its simple application and reliabilkyagmenet al. 2012).

2.1. Materials

Commercially available grade of mild steel shegigrify 98%) of 0.10cm in thickness used in thisdstuvere
identified and obtained locally. The sheets werehmaeically pressed cut into 3cm by 3cm coupons wsiitiall hole

of about 5mm diameter near the upper edge to haligh them with glass hooks. The coupons were pdiisioe
remove unwanted adhering impurities using emergmplegreased with acetone, washed in doubldetistvater
and dried in a desiccator before use (Umoetnal. 2008b). The concentrations of the hydrochloric acid
ethanolamine and ethylamine solutions were prepayatilution method (Zhang & Hua 2009). The chensagsed
were analytical grade without further purificatiEbenscet al. 2004).

2.2. Weight |oss measurements

The specimens were immersed in eleven 250ml beakrsf which one was labelled “BLANK” containingvilof

sulphuric (HSQ,) acid (corrodent). The next sets of five beakeesewlabelled A-E containing 1M-80, and a
corresponding 1.5ml, 3.0ml, 4.5ml, 6.0ml and 7.0fméthanolamine (ETA) as inhibitor. The remainingfbeakers
were labelled F-J and contained 1M3), and a corresponding 1.5ml, 3.0ml, 4.5ml, 6.0ml &rtanl of ethylamine
(EA) as inhibitor. The initial weights of the coumwere noted. The variation in weight loss was itooed at
1lhour interval progressively for 5hours. After gvpur the specimens were removed, polished witergmapers,
washed in double distilled water, degreased wittt@te, dried and final weights noted. From thdahiand final
weights of the specimens, the loss of weights vedsutated and the efficiency of inhibitor (%IE) wealculated
using the equation below (Kumar 2008):

W, —W,

=X 100 (1)

IE (%) =

where W is the weight loss without inhibitor and,;\Wé the weight loss with inhibitor.

The corrosion rate of mild steel was calculated rip/ly —millimetre penetration per year) using the
equation (Umorest al. 2008a):

534W
DAT

CH =

)

where W = weight loss (g); D = density of mild $t&&85g/cni); T = exposure time (h); A = area of metal in“cm
3. Results and Discussions
3.1. Weight loss measurements

The effect of introduction of ethanolamine and &mjine at different concentrations on the corrogibmild steel
in 1M H,SO, was studied at room temperature®@p The results obtained show that the corrosita significantly
reduced on the addition of the inhibitors as shawrnTable 1. The compounds achieved maximum comosio
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inhibition efficiency at low concentrations as iodied on the trends of percentage inhibition edficy (%IE)
values in Table 1.

It is also observed that ethylamine inhibited csiwo more efficiently than ethanolamine at the emtiation
considered as indicated in Figure 1. The maximuhnibitory action of these compounds at low conceiunaare
consistent with the findings d¥labrouk et al. (2011); that in such a solution the concentratibhe inhibitor is
sufficient to cover almost completely the metaface and the rate of adsorption becomes slowerpaosd to that
at lower concentrations.

3.2. Application of Absolute Reaction Rate Theory

The theory of absolute reaction rates (frequenidp aalled the transition-state theory), as stétgdSharma &
Sharma (1999), is based on statistical mechanidsrgpresents an alternative approach to reactioetiks. This
theory postulates that molecules before undergaagtion must form an activated complex in equiilibr with the
reactants, and that the rate of any reaction iergby the rate of decomposition of the complexotonfthe reaction
products.

For a reaction between a molecule of A and one, dfi@® postulated steps can be represented by tieengc

A + B S [ABJ* L S Products

reactants activated complex

The activated complex has certain properties ajrdinary molecule and possesses temporary stability
Following the above theory, the corrosion mecharngspostulated with the scheme

Fesy + HSOyaq, ——» [Fe(HOXSO, X , FeSQxH,O0 + FeSQ (3)

Following the above ideas, Eyring, according tor8tea& Sharma (1999), showed that the rate conskamtf, any
reaction irrespective of the order or moleculaistgiven by the expression

k= g 4
= \n (4)

where R is the gas constant; N, Avogadro’s numbgBlank’s constant; T, the absolute temperaturd; K, the
equilibrium constant for the reaction of the adidchcomplex from the reactants.

We resort to thermodynamics and write for K*

. —AG
InK® = —— (5)
(AH® — ATS*)
InK* = ~———— (6)

whereAG*, AH* and AS* are respectively the free energy, enthalpy aricbpy of activation.

Introducing equation (6) into equation (4) we obtfir k
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~ NhOPUR P\ TRy (7)
e =1 (RT)+ﬂS* AH* o
TN TR T ORT (&)

Consequently when k amtH* of a reaction are known at a given temperata& may be found. R = 8.314JK
'mol™*; N = 6.023 x1&mol™; h = 6.626 x18%s

-k
~ Slope = ——
2.303

The equilibrium constant (k) of the reaction in Eying-type equation (eqn.8) has been extrapolfated the slope
of the straight line of the natural logarithm oétboncentration of mild steel (calculated from maoleass-weight of
substance relation) and time as shown in Figuned23aand Table 1.

The enthalpy of the reaction obtained as -209K/813| was evaluated from tables since the reactvas carried
out at constant room temperature. Hence, the entbfhe reaction at different concentrations @ thhibitors was
calculated from k andH*.

It can be seen from Table 1 that the values obegt(AS*) in the presence of inhibitors are negative kanger than

in the absent of inhibitors. This means that thgregsive ions were in a more ordered state thaheablank
medium and that the activated complex at the raterchining step represents an association rathar th
dissociation step (Saliyan & Adhikari 2009). Howevéhe value ofAS* decreases gradually with increasing
inhibitor concentration in all cases. The decreasethe solvent entropy is as a result of desorptan
water/aggressive ions that were adsorbed on tHfacgupf the metal which were followed by adsorptafnthe
inhibitors on the surface of the metal (Emranuzzasbal. 2004).

The solution which had the aggressive ions in tlestrordered state was obtained with about 0.12tloflamine
as inhibitor withAS* value of -288.90K/J/mol and a corresponding bijtcorrosion efficiency of 96.01%.

3.3. Mechanism of Corrosion Inhibition

The inhibition of corrosion can be explained on tresis of the concept of adsorption of the inhilsiton the
corroding metal surface (Shyleskaal. 2011). The inhibitive action of ethanolamine andy&mine may be
attributed to the strong adsorption on the metghbse using the lone pairs of electron availablérenheteroatoms.

The compounds acted as corrosion inhibitors fordnsileel in 1M HSQ,. Furthermore, a comparison of the
inhibitors’ efficiency (%IE) revealed that ethylamsi performed better than ethanolamine. It may tesipte that the
—OH group, being more electronegative than alldtganic functional groups present, exerts electahdrawing
inductive effect on the carbon chain and consedyetgstabilize the C-N-Fe bonds thereby causingssiple
desorption of the main adsorption centre, the »hitdup, from the metal surface. In addition, canfition of -NH

as the main adsorption centre has been confirmestumies reported by Khalifet al. (2010). Another study of
ethanolamines has shown that an increase in thédewuafi —OH groups in an ethanol amine reduces ohesion
inhibition efficiency (Vashgt al. 2010).
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4. Conclusion

Ethanolamine and ethylamine significantly redudeel dorrosion rate of mild steel in 1M solution afghuric acid
at low concentrations. The entropy content of thgrassive ions was found to have reduced on theduacttion of
the inhibitors into the corrodent medium. The bebaw of the inhibitors indicates the action of thaiolecular
structure.
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Table 1: Calculated values of corrosion rate, CRl aimhibition efficiency(%IE), equilibrium constan(k),
adsorption enthalpyAH), and adsorption entropyA$) for the corrosion of mild steel in 1M,80, with

ethanolamine (ETA) and ethylamine as inhibitorsoaim temperature (298K)

System Concentration| K AH* (J/K/mol) | AS* (J/K/mol) CR (mply) %IE
M)

Blank (H,SOy) 1.00 0.020 -280.17 0.39 -

CH3-CH,-CH,-NH, | 0.1236 0.007 -288.90 0.01 96.01
0.2472 0.009 -286.81 0.09 66.74
0.3708 0.009 -286.81 0.10 61.43
0.4944 0.012 -284.42 0.13 54.05
0.6180 0.014 -2095.30 -283.14 0.15 49.05

HO-CH,-CH,-NH, | 0.1136 0.009 -286.81 0.07 25.99
0.2272 0.012 -284.42 0.10 18.50
0.3409 0.012 -284.42 0.17 16.20
0.4545 0.014 -283.14 0.23 15.22
0.5681 0.018 -281.14 0.29 14.22
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—g=—Blank
EA
== ETA

Time (hows)

Figure 1: Variation of weight loss of mild steelthre absence and presence of 1.5ml of the inhéb{6A and ETA)

in 1M H,SO,
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Figure 2: Plot of log [Fe] (M) versus time (houfs) mild steel corrosion in 1M $¥$0, (Blank) with different
concentration of ethanolamine (ETA)
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Figure 3: Plot of log [Fe] (M) versus time (houfs) mild steel corrosion in 1M }¥$0, (Blank) with different
concentration of ethylamine (EA)
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