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ABSTRACT

Theacid corrosion of mild steel in the absence and presence of ethanola-
mine and ethylamine was investigated by weight loss method at room
temperature (298K). Theinhibition efficiency wasfound to increase with
increase in inhibitor concentration. The entropy content of the aggres-
sive medium (-279.31JK/mol) reduced to -296.60J/K/mol on addition of
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1.5ml of ethylamine and -288.98J/K/mol on addition of 1.5ml of ethanola-
mine. The mechanism of inhibition was attributed to the molecul ar struc-

ture of the compounds.

INTRODUCTION

Every meta hasthenatura tendency toreverttoits
origina form—theore-fromwhichitwasinitialy ex-
tracted¥. Thisprocessisalwaysinitiated and propa-
gated by theaggressveenvironment for whichthemeta
isexposed to. Dry conditionswould eliminate much
corrosion; so too would protective coatings, but these
areoften not durable?. Theinhibition of such dissolu-
tion may be achieved with organic compounds con-
taining m-el ectronsand/or heteroatoms(N, S, etc) which
can adsorb onthemeta surface hindering attacksfrom
aggressive speciesintheenvironment®®. By definition,
acorrosioninhibitor isachemical compound or sub-
stancethat, when added in small concentrationto an
environment, effectively decreasesthecorrosion rae”.
Sineaggressiveacid solutionsarewidely used for in-
dustrial purposes, inhibitors are commonly used to
reducethe corrosion attack on metallic materia §9. It
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has been proven that the use of inhibitorsisone of the
most practical methods for protection of materials
against corrosion, especidly in acidic media®.

The extensiveuse of mild steel inmost industrial
sector isfundamenta ly becauseof itslow cost and avail-
ability™. However, mild sted isvery susceptibleto cor-
rosion. Thishastriggered effortstowardsenhancing cor-
rosion resistanceof themetal.

Surveysof availableliteraturereved that nitrogen-
contai ning organi c compounds have been used as cor-
rosioninhibitorsfor severd metasin different medid'>
2|, Ethanolaminesand ethylamineshavespecificaly been
studied separately as corrosioninhibitorsfor somemet-
alslike copper, zinc, mild stedl and carbon steel291,
However, acomparative study of theinhibitory effect
of thetwo compoundswith theview of revealing the
complementary effect of thefunctiona groupson each
other aswell astheadsorption entropy content has not
been reported.
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Itiswell known that aparticul ar inhibitor which
givesavery high efficiency for aparticular metal ina
gpecific medium may not work withthe sameefficiency
for other metdsinthesameor smilar medium?, Thus,
inour recent work!®, we compared the action of etha-
nolamineand ethylamineascorrosoninhibitorsfor gd-
vanized sted insdinemedium. Thisinvedtigationispart
of anintensiveproject carried out and still goingonin
our |aboratory to study the corrosion of metallic sur-
facesinvariousmediaand their inhibition by someor-
ganic compounds. As part of the series, theamof this
present work isto investigate the effect of ethanola-
mineand ethylamine on the entropy content of the cor-
rosonof mildsted in 1mol/I HCI at room temperature
(25°C) using theweight loss method.

EXPERIMENTAL

Materials

Thesheatsof commercidly availablemild sted used
for thisstudy were obtained and identifieslocally. Each
sheet was 0.07cm in thickness. The sheetswere me-
chanically press cut into 4cm by 4cm coupons. The
specimenswere polished to remove adhering impuri-
ties using emery papers, degreased with acetone,
washed indistilled water and air-dried before usd?>31,
The concentration of the reagents were prepared by
dilution method®2=,

Weight loss measurements

The specimenswereimmersed in five 200ml bea-
kers (in two sets) and that of the blank (1mol/I HCI).
The setscontained 1mol/l in each and acorresponding
0.1236mol/l, 0.2472moal/l, 0.3708moal/l, 0.4944mol/l
and 0.6180moal/l of ethanolaminerespectively. Thesec-
ond sets contained 0.1136mol/l, 0.2272moll/l,
0.3409mol/l, 0.4545mol/l and 0.5681moal/I ethylamine
respectively. Theinhibitor solutionswereprepared from
the stock solution following uniform trend of volumes
corresponding to their cal culated concentrationsgiven
aboveviz: 1.5ml, 3.0ml, 4.5ml, 6.0ml and 7.5ml. The
mild sted couponsweresuspended intotheexperimentd
solutionwiththehd p of glasshooks. Theinitid weghts
of the specimenswere noted. Thevariationinweight
losswasmonitored at 1hour interval progressively for
5hours. After every hour the specimenswereremoved,
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polished with emery papers, washed inditilled water,
degreased with acetone, air-dried and final weights
noted. From theinitial and final weightsof the speci-
men, theloss of weightswas cal culated and inhibitor
efficiency (%l E) was cal culated using equation 1 be-
| ow343;

IE (%) =

whereW istheweight losswithout inhibitor and W, is
theweght losswithinhibitor.

Thecorrosionrate of mild steel wascalculated (in
mp/y —millimetre penetration per year) using theequa
tion™™:

534W

CR = =— )
DAT

where W =weight loss(g); D = density of mild steel

(7.85g/cm?); T = exposuretime (h); A = areaof meta

incmé.

W,—W,
Ta x 100 (1)

RESULTSAND DISCUSSION

Weight loss measurements

Thecorrosgon of mildsted in Imol/l HCI solutionin
the absence and presence of inhibitorswas studied by
weight lossmethod at room temperature. Theresults
obtained show that ethanolamineand ethylamineacted
ascorrosioninhibitorsfor mild steel intheacid me-
dium. It canbeseenfrom TABLE 1 that the corrosion
rate reduceswith increasein concentration of thein-
hibitors. Thismay bedueto anincrease of the surface
coverage of the metal by the additive molecules. The
dataalso show that the inhibitor efficiency increases
withincreasein theinhibitorsconcentration. Itisclear
fromtheresultsthat ethylamineisamoreefficient in-
hibitor than ethanolaminein the conditionsunder con-
Sderation. Figures1 and 2 show thevariationinweight
losswithtimein theabsenceand presenceof theinhibi-
tors. Fromthefigureit isseen that irrespective of the
amountsof inhibitor ethylamine performed better than
ethanolamine.

Application of absolutereactionratetheory

Thetheory of absolute reaction rates, frequently
aso called thetransition-state theory, isbased on sta-
tistical mechanics and represents an alternative ap-
proach to reaction kinetics. This Theory postul ates
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Figurel: Variation of weight lossof mild steel without and
with 1.5ml of theinhibitors(EAand ETA) in 1mol/I HCI
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Figure?2: Variation of weight lossof mild steel without and
with 7.5ml of theinhibitors(EAand ETA) in 1mol/I HCI

TABLE 1: Calculated values of corrosion rate, CR and
inhibition efficiency(%IE), equilibrium constant (k),
adsor ption enthalpy (AH), and adsor ption entropy (AS) for
thecorrosion of mild steel in Imol/l HCI with ethanolamine

(ETA) and ethylamineasinhibitors
c
S ~ =

5 gs L2 LE o3
£3 £ £ qE sw
& g2 ¥ Tz 3z OF ¥=

c =) )
s S S
O

Blank (HCI) 100 0.016 -279.31  0.026
0.1236 0.005 -288.98 0025 3.90
0.2472  0.007 -286.16 0.024 6.07

HO-CH,-CH>-NH,  0.3708 0.012 -281.70 0022 15.40
0.4944 0.014 -280.42 0020 2110
0.6180 0014 -7.40 -280.40 0.019 27.86
0.1136 0.002 -296.60 0.020 10.66
0.2272  0.005 -288.18 0018 1239

CH3-CH>-CHo-NH,  0.3409 0.009 -284.09 0017 20.71
0.4545 0.009 -284.09 0016 2299
0.5681 0.012 -281.70 0014 29.29

that mol ecul es before undergoi ng reaction must form

an activated complex in equilibrium with the reactants,
and that therate of any reactionisgiven by therate of
decompadition of thecomplex to formthereaction prod-
ucts.

For areaction between amolecul e of A and one of
B, the postulated steps can be represented by the
scheme

A + B S [AB*L___ ,Products
reactants activated complex

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

Following the abovetheory, the corrosion mecha-
nismispostulated withthescheme

Fe(g) + HCl(aq) L, [FQ(HQ(:))G](];*

K_..FegO3°ngO * FQCIZ (€)
Following theaboveideas, Eyring?® showed that the
rate constant k of any reactionirrespectiveof theorder
or molecularity isgiven by theexpression
" RT

= K (4)
where R isthegascongtant; N, Avogadro’snumber; h,
Plank’s constant; T, the absolute temperature; and K*,
theequilibrium congtant for the reaction of the activated
complex fromthereactants.
We resort to thermodynamicsand writefor K*

) —-AG”

InK™ = T (5)
~ (AH" — ATSY)

InK™ = =T (6)

where AG*, AH* and AS* are respectively the free
energy, enthal py and entropy of activation.
Introducing equation (6) into equation (4) we obtain
fork

RT AS” —AH"

K= Nn P (T) EXP( RT ) ¥
RT AS*  AH”

Ink =1H(m)+T—ﬁ (8)

Consequently when k and AH* of areactionareknown
at agiven temperature, AS* may befound.

R =8.314K'mol*; N =6.023 x10mol *; h=6.626
x1034Js

P S]ope = m
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Theequilibrium constant of thereactioninthe Eyring-
type equation (egn.8) has been extrapol ated from the
dope of thestraight line of the natural logarithm of the
concentration of mild sted (ca culated frommolar mass-
weight of substancerelaion) andtimeasshowninFig-
ure3and4and TABLE 1.
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3.0ml ETA

4.5ml ETA

log |Fe] (mol/l)

4 6.0ml ETA
6.0ml ETA
7.5ml ETA

Time (h)
Figure3: Plot of log[Fe] (moal/l) ver sustime(hours) for mild
steel corrosion in 1mol/l HCI (Blank) with different
concentr ation of ethanolamine (ETA)
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Figure4: Plot of log[Fe] (moal/l) ver sustime(hours) for mild
steel corrosion in 1mol/l HCI (Blank) with different concen-
tration of ethylamine (EA)

From equation 3, the entha py of thereaction was
eva uated from standard tablesto be-7.4¥K/mol since
the experiment was carried out at room temperature.
Hence, the entropy of the reaction at different concen-
trationsof theinhibitorswascd culated fromk and AH* .

It can be seen from TABLE 1 that the values of
entropy (AS*) inthe presence of inhibitorsare nega-
tiveandlarger thanintheabsent of inhibitors Thismeans
that the aggressiveionswerein amore ordered state
than at the blank’®. The decreasein the solvent en-
tropy isasaresult of desorption of water/aggressive
ions that were adsorbed on the surface of the metal
whichwerefollowed by adsorption of theinhibitorson
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the surface of themetal'™.

The solutionwhich had the aggressiveionsinthe
most ordered state was obtained with about 0.1136mol/
| of ethylamineasinhibitor with AS* valueof -296.60K/
Jmol with a corresponding inhibitory efficiency of
10.66% whereas 0.1236moal/| of ethanolaminegave -
288.98JK/mol of entropy corresponding to 3.90%
efficiency. Thisanomal ous, asbeing reported by Noor
et al’®, indicatesthat theretardation of reaction (meta
dissolution) by the compoundsisbeing effected with-
out changing themechanism. It canbesaidthat thein-
hibitorsmay possessbetter inhibitory effect specificaly
for acid corrosion of mild steel a higher concentra-
tions

MECHANISM OF CORROSION
INHIBITION

Theinhibition of corrosion can beexplained onthe
basisof the concept of adsorption of theinhibitorson
the corroding metal surface®*4%, Theinhibitiveaction
of ethanolamineand ethylamine hasbeen attributed to
the strong adsorption on the metal surface using the
lone pairsof eectron available on the heteroatoms?®,

The compounds acted as corrosioninhibitorsfor
mild sted though with low efficiencies. Furthermore, a
comparison of theinhibitors efficiency reveal ed that
ethylamine performed better than ethanolamine. Akpan
et al [ reported that the—OH group, being more e ec-
tronegative, exertse ectron-withdrawinginductive ef-
fect on the carbon chain which destabilizesthe C-N
bond and thereby caus ng a possibledesorption of the
main adsorption centre, the—NH, group®, fromthe
metd surface. In addition, confirmation of -NH2 asthe
main adsorption centre has been confirmed by studies
reported by Khalifa et al™®!. Another study of ethano-
lamineshas shown that an increasein the number of —
OH groupsin an ethanol aminereducesthe corrosion
inhibition efficiency?.

CONCLUSION

Ethanolamineand ethylaminesignificantly reduced
the corrosion rate of mild steel in 1mol/I HCI at high
concentrations. Theentropy content of theaggressive
ionswasfound to have reduced on theintroduction of

Hn Tndéan g%wumé



116

Effects of ethanolamine and ethylamine on the entropy content of the corrosion of mild steel

PCAIJ, 8(3) 2013

Full Paper ==

theinhibitorsinto thecorrodent medium. Thebehaviour
of theinhibitorsindicatesthe action of their molecular
sructure.
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