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ABSTRACT

The corrosioninhibition of aluminiumin 1mol/l HCI in the presence of etha
nolamine and ethylamine at room temperature was studied using the weight
loss technique at room temperature (25°C). The results obtained show that
ethylamineinhibits corrosion more efficiently having had maximum inhibi-
tion efficiency of 95.80% against ethanolamine’s 89.08%. The inhibition
efficiency was found to increase with decrease in concentration of the in-
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hibitorsand decreasein time. The thermodynamic parameters such as equi-
librium constant (k), enthalpy (H) and entropy (S) were obtained through
the theory of absolute reaction rates and its transition equations. The en-
tropy of the aggressive ions was found to have significantly reduced on
the introduction of the inhibitors into the corrodent medium.
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INTRODUCTION

Inasmuchasionsarevery useful ineveryday chem-
istry, thereisneed to contain themin severd other con-
ditions—including their inhibition during corrosion con-
trol.

Theenormous cost of theloss of materid sby cor-
rosion warrants appreci ableexpenditurein opposing
corrosion. It hasbeen found that, of theavailabletech-
niques used in combating corrosion problems, theuse
of chemical inhibitorsremainsthe most cost effective
and practical method>1,

Aluminium hasawiderangeof industria applica
tionswhich exposesit to acidic environment and re-
quires protection agai nst theimpending effect —corro-
sion. A survey of availableliteraturehas shownthat ni-

trogen contai ning organi c compounds have been used
ascorrosioninhibitorsin acidic corrodents*14.
Aggressiveionsin solutiontend tofacilitatethe cor-
rosion of materias. Studies of theadsorption entropy
content of such systemshavereveal ed that inhibitors
help to contain the aggressiveions by hindering them
from the active sites*?, making the medium moreor-
dered, and ultimately reducing the rate at which the
materials involved deteriorate. This, apparently is
achieved by adsorption of theinhibitorsonthe surfaces
of thematerialsby meansof their chemical structure.
In our recent work™, we have reported on the
effectsof ethanolamine and ethylamine on theentropy
content of the corrosion of galvanised steel in sodium
chloridesolution. Theefficient inhibitory effect of these
inhibitorsat |ow concentrations prompted their consd-
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eration withinan acidic medium in thispresent work.

EXPERIMENTAL

Materials

Commercidly availablegrade of duminium sheets
of 0.07cminthicknessused in thisstudy wereidenti-
fied and obtained locally. The sheets were mechani-
caly pressed cut into 4cm by 5¢cm couponswith small
hole of about 5mm diameter near the upper edgeto
help hold them with glass hooks. The couponswere
polished to remove unwanted adheringimpuritiesusing
emery papers, degreased with acetone, washed indis-
tilled water and air-dried before usd”#1*19, The con-
centrations of thehydrochloric acid, ethanolamineand
ethylamine solutions were prepared by dilution
method*17, The chemicasused wereandyticd grade
without further purification*®29,

Weight loss measurements

Thegpecimenswereimmersedineeven 250ml bea
kersout of which onewaslabeled “BLANK” contain-
ing Imol/I of hydrochloric (HCI) acid (corrodent). The
next set of five beakerswerelabelled A-E containing
1mol/lI HCI and acorresponding 1.5ml, 3.0ml, 4.5ml,
6.0ml and 7.0ml of ethanolamine (ETA) asinhibitor.
Theremainingfive beakerswerelabelled F-Jand con-
tained 1mol/l HCl and acorresponding 1.5ml, 3.0ml,
4.5ml, 6.0ml and 7.0ml of ethylamine(EA) asinhibitor.
Thecalculaion asregardsthe molar concentration was
discussed in our previous publication™. Theinitia
weights of the couponswere noted. Thevariationin
weight losswas monitored at 1hour interval progres-
sively for Shours. After every hour the specimenswere
removed, polished with emery papers, washedindis-
tilled water, degreased with acetone, air-dried and final
weightsnoted. Fromtheinitial and find weightsof the
specimens, theloss of weightswas calculated and the
efficiency of inhibitor (%l E) was ca culated using the
equationl1%24;

IE (%) = W‘;WI x 100 )

whereW istheweight losswithout inhibitor and W, is
theweght losswithinhibitor.

Thecorrosonrateof duminiumwascalculated (in
mp/y —millimetre penetration per year) usingtheequa

tion310.1324-26]
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whereW =weight loss(g); D = density of aluminium
(2.7g/cmd); T =exposuretime (h); A =areaof metd in
cm?.

RESULTSAND DISCUSSION

Weight loss measurements

The effect of introduction of ethanolamine and
ethylamineat different concentrationsonthecorroson
of duminiumin 1mol/I HCI was studied at room tem-
perature (25°C). The results obtained show that the
corrosion rateincreaseswithtimeasshownin TABLE
1, 2and 3. Theinhibitorsachieved maximuminhibition
efficiency at low concentrations asindicated on the
trendsof percentageinhibition efficiency (%l E) vaues
iINTABLE 2and 3. It isalso observed that ethylamine
inhibited corrosion moreefficiently than ethanolamine
at low and high concentrationsas shownin Figure 1a
and 1b. Theactionsof theseinhibitorsat |ow concen-
tration are consistent with the findings of Mabrouk et
ala

Itisworthy to note that theinhibitorsexhibit better
inhibitory effect in acidic mediumthaninaneutrd me-

TABLE 1: Calculated valuesof corrosion rate, CR, for the
corrosion of aluminiumin 1mol/l HCI

Time (h) CR (mply)x107?
0 -
1 6.115
2 6.971
3 9.389
4 9.863
5 10.28

dium when compared with our studiespreviously re-
ported*3. |n addition, studies have shownthat N-con-
taining compoundstend to demonstrate good protec-
tionto duminiuminacidic medid'#.

Application of absolutereaction ratetheory

Thetheory of absolutereactionrates®, frequently
aso called thetransition-state theory, isbased on sta-
tistical mechanicsand representsan dternativeapproach
toreaction kinetics. This Theory postul atesthat mol-
ecules before undergoing reaction must form an acti-
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vated complex in equilibrium with thereactants, and
that therate of any reactionisgiven by therate of de-
composition of the complex to form thereaction prod-
ucts.

For areaction between amolecule of A and one of
B, the postulated steps can be represented by the
TABLE 2 : Calculated values of corrosion rate, CR and

inhibition efficiency (%1 E) for the corrosion of aluminium
in 1mol/l HCI with ethanolamine (ETA) asinhibitor

Concentration of Time CR
ethanolamine (ETA), ) (mp/_)z/) %IE
(mal/l) x10
0 - -
1 1.578 77.73
0.0989 2 2.025 74.19
3 2.051 70.88
4 3.018 70.58
5 3.140 68.06
0 - -
1 1.026 89.08
2 1.696 72.16
0.1978 3 1.999 71.02
4 3.472 66.16
5 3.835 61.16
0 - -
1 1.380 81.57
2 1.815 77.44
0.2967 3 2.209 68.07
4 3.708 63.88
5 5.791 41.29
0 - -
1 1.657 77.31
2 2.130 72.74
0-3955 3 2.209 68.07
4 4.653 54,72
5 4.860 50.72
0 - -
1 2.012 71.81
2 2.683 66.98
0.4944 3 3.892 43.73
4 7.417 27.73
5 7.195 27.09
scheme
A + B S [ABPF—X__, Products
reactants activated complex

—= Pyl Peper

Theactivated complex hascertain propertiesof anor-
dinary molecule and possessestemporary stability.

Following the abovetheory, the corrosion mecha-
nismispostulated withthescheme

TABLE 3: Calculated values of corrosion rate, CR and
inhibition efficiency (%1 E) for the corrosion of aluminium
in Imol/I HCI with ethylamine (EA) asinhibitor

Conc.

of Ethylamine Time (h) CRX(lrgB’V) %IE
(EA), (madl/l)
0 - -
1 0.395 95.80
0.0909 2 2.249 63.23
3 2.709 60.84
4 4.750 53.60
5 4,774 50.79
0 - -
1 1114 87.39
2 1.118 81.29
0.1818 3 1.815 73.64
4 3.057 70.25
5 3.519 64.32
0 - -
1 0.513 93.28
02727 2 0.631 91.63
3 2.183 68.37
4 3.511 65.76
5 3.566 63.91
0 - -
1 0.434 93.16
2 0.579 92.90
0-3636 3 0.631 91.59
4 3.235 68.52
5 3.409 65.44
0 - -
1 1.973 73.13
0.4515 2 2.499 67.84
3 2.525 63.88
4 5.886 41.29
5 6.036 40.34

2Alg + 6HClgg) ‘:I‘t 2[Al(H,0)]Cl3*

—E , AIGHYH0 + AICK ©)
Following theaboveideas, Eyring?® showed that the
rate constant k of any reactionirrespectiveof theorder
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Figurela: Variation of weight loss of aluminium without
and with 3ml of inhibitors(EAand ETA) in 1mol/l HCI solution
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Figurelb : Variation of weight loss of aluminium without
and with 7.5ml of inhibitors (EA and ETA) in 1mol/l HCI
solution

or molecularity isgiven by theexpression

RT
k = oK 4
whereRisthegascongtant; N, Avogadro’s number; h,
Plank’s constant; T, the absol ute temperature; and K*,

theequilibrium constant for thereection of theactivated

complex from thereactants.
We resort to thermodynamicsand writefor K*
. —AG
InK* = T ©)
N (AH* — ATS") ©
RT

where AG*, AH* and AS* are respectively the free
energy, enthal py and entropy of activation.
Introduci ng equation (6) into equation (4) we ob-

tanfork
RT  /AS* _AH?
k= NhEXp( )EXP( RT ) @)
RT\ AS®  AH'
ke = I (Nh) e ®

Consequently whenk and AH* of areactionareknown
at agiventemperature, AS* may befound.
R = 8.314JK*mol%; N = 6.023 x102mol*; h =

6.626 x103Js

2.303
Theequilibrium constant of thereactioninthe Eyring-
type equation (egn.8) has been extrapol ated from the
dopeof thestraight lineof the natural logarithm of the
concentration of duminium (ca culated frommolar mass-
weight of substancere aion) andtimeasshowninFig-
ure2and 3and TABLE 4.

From equation 3, the entha py of thereaction was
evaluated from standard tablesto be-2411.6JK/mol
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Figure 2 : Plot of log [Al] (mol/l) versus time (days) for
aluminium corrosion in 1mol/l NaCl (Blank) with 1.5ml
(ETA1),3.0ml (ETA2),4.5ml (ETA3), 6.0ml (ETA4) and 7.5ml
(ETAD) of ethanolamine asinhibitor at room temperature
(298K)
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Figure3: Plot of log[Al] (mol/l) ver sustime (days) for alu-
minium corrosion in Imol/l NaCl (Blank) with 1.5ml (EA1),
3.0ml (EA2), 4.5ml (EA3), 6.0ml (EA4) and 7.5ml (EA5) of

ethylamineasinhibitor at room temper atur e (298K)

EAS

sincetheexperiment was carried out at room tempera-
ture. Hence, theentropy of thereactionat different con-
centrations of theinhibitorswas ca culated fromk and
AH*.

It can be seen from TABLE 4 that the values of
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TABLE 4: Thermodynamic parameter sfor the corrosion of
galvanized stedl in Imol/l HCI with and without the presence
of different concentrationsof inhibitor sat room tempera-
ture(298K)

Concentration *
System (moll) K (J/ﬁ?mol)(\]/éﬁ;olj
Blank 1.00 0.010 -291.29
00989  0.005 -297.05
Ethanolamine 01978  0.007 -294.25
HO-CH,-CH,- 02967  0.009 -292.16
NH; 03955  0.019 -285.94
0.4944 0.024 -2411.60 -284.01
00909  0.004 -298.90
_ 01818  0.005 -294.25
Cﬁt:gﬁ;“z_'gﬁ'z 02727  0.006 -29353
03636  0.008 -293.14
04545 0011 -290.50

entropy (AS*) inthe presence of inhibitorsare nega-
tiveandlarger thanintheabsent of inhibitors Thismeans
that the aggressiveionswerein higher order statethan
at theinitia state®?34, Thedecreasein thesolvent en-
tropy isasaresult of desorption of water/aggressive
ions that were adsorbed on the surface of the metal
whichwerefollowed by adsorption of theinhibitorson
the surface of the metal (>,

The solutionwhich had the aggressiveionsinthe
most ordered state was obtained with about
0.0909moal/I of ethylamineasinhibitor with AS* value
of -298.90K/Jmol with acorresponding highest cor-
rosion efficiency of 95.80%. Thisexcellent inhibitory
effect can be attributed to chemisorption of thelone
pair of electronsof the nitrogen onthe metal surface.
Attempt to correlate the chemical structureof thein-
hibitorsto the mechanism of inhibition had previoudy
been reported*®l.

CONCLUSION

It has been shown in this study that the addition of
ethanolamine and ethylamineto HCI reducesthe cor-
rosion rate of aluminium in the acid. Theinhibitors
achieved maximum efficiency at lower concentrations
(<0.29moal/l). Theentropy content of thecorrodent was
observed to have sgnificantly reduced ontheintroduc-
tion of theinhibitors.
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