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ABSTRACT

Theinfluence of ethanolamine and ethylamine on the corrosion behaviour
of galvanised steel in 1mol/l NaCl solution was investigated at room
temperature (25°C) by weight loss method. Results obtained show that the
compounds are better inhibitors at low concentrations (<0.5mol/l). From
the decreasing weights of the metal over time, the concentrations of the
metal was evaluated and plots of logarithm of the concentration of metal
versus time as well as Erying-type equations facilitated the access of
thermodynamic parameters such as equilibrium constant (k), enthal py (“H*)
and entropy (“S*) of the corrosion process. The entropy of the aggressive
ions was found to have reduced on introduction of the inhibitors into the
corrodent medium. Attempt to correlate the molecular structures of the
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inhibitors to the mechanism of inhibition was made.
© 2013 Trade Sciencelnc. - INDIA

INTRODUCTION

Inrecent years, moreeffortshave been directed on
theinvestigation of metallic corrosion, probably dueto
theincreasein the use of metalsin engineering con-
sruction, technologicd related fieddd and increaseinen-
vironmentd pollutioninwhich oneof itsmgor effectsis
the corrosion of themetal sexposed to the environment.
The quest to reduce the extent to which corrosion has
destroyed these structures seemsto have drawn the
attention of many. Thisisseeninthenumerouslitera-
turesonthetopic.

Theuseof corrosioninhibitorsisoneof the most
practical methodsfor protection of metalsagainst cor-
rosion. Most well known inhibitorsare organic com-

pounds contai ning nitrogen, sul phur, oxygen and phos-
phorusintheir functiona groups?. Adsorption of these
compounds onthe metal surfaceisthe main mecha
nism of inhibition and it depends on the nature of the
charge of themeta, thetype of electrolyte (corrodent)
medium, thechemica structureand reactivity of thein-
hibitort. Theinhibition efficiency hasbeenfoundto
depend on some physic-chemica and €l ectronic prop-
ertiesof the organicinhibitor which relateto itsfunc-
tional groups, steric effects, e ectronic density of the
donor atoms, stability of theformed chelateand strong
coordination if any!*+%19 E| Quali et al.® have pre-
sented the adsorption process on the metal surface
whereby water molecul es are displaced from a cor-
rodinginterfaceasfollows:


mailto:iaakpanchem2007@yahoo.com

84 Effects of ethanolamine and ethylamine on the entropy content of the corrosion

MSAIJ, 9(3) 2013

Full Poper =
Org(sol)+nH (O] —)Org(ads)+nH O

2 (ads) 27 (sol)

Hitherto, variouskineticand thermodynamic parameters
have been monitored in corrosion of metal sviaweight
losstrends, gasometric methods, thermometric meth-
ods, etc.l'%8, Thisparticular paper envisagesthe ad-
sorption entropy content of the medium inwhich cor-
rosion occursat room temperature. From aclassical-
molecular conception, therate of achemicd reactionis
associated with the degree of availability of the par-
ticlesof thereactants. When themoleculesof thereac-
tants arefreer to move about and collide more effec-
tively, thesurfaceareaof thereacting speciesissaid to
haveincreased and thisin turnincreasesthereaction
rate. In asystem where the moleculesare allowed to
movefreer, thesystemissaid to be highly disordered.
And thisisthe classical-molecular description of en-
tropy. It isbelieved that the cumul ative entropiesof the
speciesinthe aggressive medium areresponsiblefor
the corrosionrateof themetd. Whiletheinhibitive ef-
fect of the organic compoundsisto protect theactive
centresonthe meta surfacethereby hindering attacks
by the aggressive speciesand asaresult decreasethe
adsorption entropy with respect to thereaction at the
gdvanized sted/aggressive speciesinterfacewhichin
turn reduces corrosion rate.

EXPERIMENTAL

Materials

Thesheetsof commercidly avalablegdvanised sed
used for thisstudy wereidentified and obtained locally.
Each sheet was 0.10cmin thickness. The sheetswere
mechanically press cut into 2.50cm by 2.50cm cou-
pons. Thegalvanized steel couponswere polishedto
remove unwanted impurities using emery papers,
degreased with acetone, washed in distilled water and
air-dried beforeusd'**2, The concentrationsof the so-
dium chloride, ethanolamineand ethylamine solutions
were prepared by dilution method*41°, They chemi-
casusedwereAndytica Grade (BDH) without further
purification.

Weight loss measurements

Thegalvanized sted couponswere polished with
emery papersto remove adheringimpurities, degreased
with acetoneand air-dried. The specimenswereim-

mersed infive 100ml beakers (intwo sets) and that of
theblank (1mol/I NaCl). Thefirst setscontained 1mol/
I NaCl in each and a corresponding 0.2472mol/l,
0.4944mol/l, 0.7416mol/l, 0.9888mol/l and
1.2360mol/I of ethanolaminerespectively. The second
setscontained 0.2285mol/l, 0.4569mol/l, 0.9138mol/I
and 1.1423mol/l ethylaminerespectively. Theinhibitors
were prepared from the sock solution following auni-
form trend of volumes corresponding to their calcu-
lated concentrations given aboveviz.: 1.5ml, 3.0ml,
4.5ml, 6.0ml and 7.5ml. The galvanized steel coupons
werehanged intotheexperimenta solutionwiththehelp
of glasshooks. Theinitid we ghtsof the specimenswere
noted. Thevariationinweight losswasmonitored at
Sdaysinterval progressively for 25days. After every
5days the specimens were removed, polished with
emery papers, washed in digtilled water, degreased with
acetone, air-dried and final weights noted. From the
initial and final weights of the specimens, theloss of
weightswasca culated and theinhibitor efficiency (%0lE)
was cal culated using equation (1) 68 1116

Efficiency of inhibitorsor W, -W,
inhibition efficiency (%IE) W,
whereW istheweight losswithout inhibitor and W, is
theweight losswithinhibitor.

The corrosion rate of gal vanized steel was cal cu-
lated (in mpy —millimetre penetration per year) using
the equation(* &7:

87.6W
DAT
where W =weight loss(g); D = density of galvanised
sted (7.88gcm?®); A = areaof metal incm? T =expo-
suretime(h).

x 100

(1a)

CR=

(1b)

RESULTSAND DISCUSSION

Weight loss measurements

Thecorrosion of gdvanised sted in 1mol/l solution
of NaCl with and without inhibitorswereinvestigated
at roomtemperature (25°C). Theresultsobtaned show
that the corrosion rateincreases asthe period of im-
mersionincreasesasshowninTABLE 1,2and 3. It
has a so been observed that the corrosionratesat higher
concentration of theinhibitorsaresignificantly largethan
that found at lower concentrations.
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TABLE 1: Theresultsof corrosion of galvanized steel in Ethanolamineshowslimiting corrosoninhibition ef-
1mol/l NaCl with time ficiency at aconcentration of 0.5mol/I. At concentra-
Time Final  Conc.Fe[Fe] log[Fe] CR tion higher than 0.5mol/l, the compound behavesina
(Days) Weight (g)  (mol/l) (moll) (mpy™)  rather inconsistent manner and tendsto promote cor-

0 4.558 0.814 -0.089 rosion. Ethylaminea soinhibitsbetter below 0.5mol/l
5 4.439 0.792 0101 17x10”  py not asinefficient as ethanolamine above 0.5mol /.
10 4.351 0.777 -0.109  15x10”  Thisisshowninthetrend of corrosion ratesandinhibi-
15 4.292 0.766 -0.116  12x10° {ion efficiencies of the compounds as obtained in
20 4.235 0.756 0121 11x10°  TABLE2and 3. However, itisof assumptionthat both
25 4.211 0.752 0123 10x10°  somnoundswould be better inhibitors at lower con-
TABLE 2: Theresultsof corrosion of galvanized steel in 1mol/l NaCl with ethanolamine (ETA) asinhibitor
100 of Il NaGi  CONC.f thandlamine Time oy e pofrg o, CRWY g g
(ml) ' (9) (mal/)
0 4.369 0.780 -0.108 - -
5 4.326 0.774 0111  55x10 6887
e 0.2471 10 4.265 0.756 0122  7.3x10 5263
15 4.243 0.732 0135  65x10 50.24
20 4.138 0.691 0161  86x10 2848
25 4.108 0.634 0198  94x10 8.60
0 4.334 0.774 -0.111 - -
5 4.268 0.768 0118  9.7x10 44.74
a0 o.a0m 10 4.135 0.738 0132  9.9x10 36.13
15 3.929 0.701 0154  10x10 35.89
20 3.679 0.657 0182  9.3x10 22.60
25 3.376 0.603 0220  10x10 12.68
0 4.067 0.726 -0.139 - -
5 4.000 0.714 0146  9.9x10 44.01
is 07416 10 3.875 0.692 0160  9.3x10 40.01
15 3.654 0.653 0185  11x10 16.80
20 3.348 0.598 0223  13x10 526
25 3.014 0.538 0269  10x10 358
0 4.266 0.762 -0.118 - -
5 4.216 0.753 0123  7.4x10 5827
.o 0.0668 10 4114 0.735 0134  7.6x10 5120
15 3.917 0.699 0155  9.7x10 26.05
20 3.635 0.649 0188  10x10 12.69
25 3.328 0.594 0226 10x10 1153
0 4.393 0.784 -0.105 - -
5 4.325 0.772 0112 10x10 4258
e L2360 10 4.187 0.748 0126  10x10 34.21
15 3.952 0.706 0451  12x10 1176
20 3.646 0.651 0186  11x10 526
25 3.309 0.591 0228  10x10 2.88
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TABLE 3: Theresultsof corrosion of galvanized stedl in 1mol/l NaCl with ethylamine (EA) asinhibitor
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Vol. of
Inhibitor in Conc.qf Time Final Weight of  Conc. Fe[Fe] log[Fe] CR(mpy
100ml of Ethylamine (Days) Fe (g) (mol/l) (mol/1) 1) %IE
1mal/l NaCl (EA), (moal/l)

(ml)
0 4.346 0.776 -0.110 -
5 4.329 0.773 -0.112 25x10 85.71

15 0,285 10 4.299 0.767 -0.115 34x10 7751
15 4.285 0.765 -0.116 3.0x10  77.07
20 4.224 0.754 -0.122 45x10 62.23
25 4.171 0.745 -0.128 5.3x10  49.57
0 4.507 0.805 -0.094 - -
5 4471 0.798 -0.097 53x10  69.75

3.0 0.4569 10 4.416 0.789 -0.103 6.7x10  56.46
15 4.388 0.784 -0.106 59x10 55.26
20 4.286 0.765 -0.116 8.2x10  31.58
25 4.219 0.753 -0.123 85x10 17.0
0 4.152 0.741 -0.130 - -
5 4.120 0.736 -0.133 4.7x10  56.300

45 0.6854 10 3.988 0.712 -0.148 9.8x10  36.84
15 3.811 0.681 -0.167 8.7x10  33.46
20 3.594 0.642 -0.192 8.0x10 32.82
25 3.302 0.570 -0.229 8.7x10  15.85
0 4.600 0.821 -0.085 - -
5 4.550 0.813 -0.090 7.4x10  50.24

6.0 0.9138 10 4.452 0.795 -0.100 7.2x10  47.06
15 4.295 0.767 -0.115 7.8x10  44.36
20 4.090 0.730 -0.136 7.6x10 35.16
25 3.840 0.686 -0.164 8.7x10  33.75
0 4.537 0.810 -0.091 - -
5 4.478 0.800 -0.097 8.7x10  50.74

75 11423 10 4.355 0.778 -0.109 9.1x10 41.63
15 4.183 0.747 -0.127 85x10 35.16
20 3.969 0.709 -0.150 7.9x10  33.75
25 3.696 0.660 -0.180 8.1x10 21.21

centrationsin the corrodent. Figure 1aand 1b shows
that ethylamineat both small and high concentrations
(volumes) inhibitsbetter than ethanolamine.

Application of absolutereaction ratetheory

Thetheory of absolutereaction rates'”, frequently
a so cdled thetrangtion-statetheory, isbased on statis-
tical mechanicsand representsan dternative approach
toreactionkinetics. ThisTheory postulatesthat molecules
before undergoing reaction must form an activated com-

Wotoioly Science  mm—

plexinequilibriumwith thereactants, and that therate of
any reactionisgiven by therate of decomposition of the
complex toformthereaction products.

For areaction between amolecule of A and one of
B, the postul ated steps can be represented by the scheme

A+ B Z [AB]* L» Products
reactants activated complex

Theactivated complex has certain propertiesof an or-
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Figurela: Variation of weight lossof galvanized sted without
and with 3ml of inhibitors (EA and ETA) in 1mol/l NaCl
solution
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Figurelb: Variation of weight lossof galvanized sted without
and with 7.5ml of inhibitors(EA and ETA) in 1mol/l NaCl
solution

dinary molecule and possessestemporary stability.
Following the abovetheory, the corrosion mecha-
nismispostulated withthescheme

*

K
Feg * NaClag) «— [Fe(H,0)6]Clg

5 Fe203xH,0 + FeCl, @
Following the aboveideas, Eyring*”! showed that the
rate constant k of any reaction irrespectiveof theorder
or molecularity isgiven by the expression
RT .

= m K 3)
whereR isthegasconstant; N, Avogadro’snumber; h,
Plank’s constant; T, the absol utetemperature; and K*,

theequilibrium congtant for thereaction of the activated

complex from thereactants.
We resort to thermodynamicsand writefor K*
-AG*
InK *=
n = 4

—== Fyl] Peper

(AH*-ATS*)
T RT ©)
where“G*, “H* and “S* arerespectively thefreeen-
ergy, entha py and entropy of activation.

Introducing equation (5) into equation (3) we ob-
tainfork

k=T exp[ A57 | exp[ Z2H”
=N PR PP TRT (6)

|nk=|n(ﬂ)+AS*—AH* @)
Nh R RT

Consequently when k and “H* of areactionareknown
a agiventemperature, “S* may befound.

R =8.314JK*moal; N =6.023 x10%mol; h=6.626
x10%Js

InK *=

-k
2.303
Theequilibrium congtant (k) of thereactioninthe Eyring-
type equation (egn.7) has been extrapolated from the
dopeof thestraight linegraph of the natura logarithm
of theconcentration of galvanised stedl (cal culated from
molar mass-weight of substancerelation) andtimeas
showninFigure2 and 3and TABLE 4.

From equation 2, the enthal py of thereaction was
evaluated from standard tablesto be 816.8J/K/mol
sincethereaction was carried out at constant room
temperature. Hence, the entropy of the reaction at
different concentrations of theinhibitorswas calcu-
lated fromk and “H*.

It can be seen from TABLE 4 that the values of

0 -

~.Slope=

-0.05

#BLANK
BETAIL
AETAZ
XETA3
#ETA4
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log [Fe| (mol/l)

0 5 10 15 20 25 30
Time(Days)
Figure 2 : Plot of log [Fe] (moal/l) versus time (days) for
galvanized steel corrosion in 1mol/l NaCl(Blank) with
1.5ml(ETAL), 3.0mI(ETA2),4.5mI(ETAS3), 6.0ml(ETA4) and

7.5mI(ETAS) of ethanolamine as inhibitor at room
temper atur e(273.15K)
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Figure 3 : Plot of log [Fe] (mal/l) versus time (days) for
galvanized steel corrosion in 1M NaCl(Blank) with
1.5mlI(EA1), 3.0mI(EA2), 4.5mI(EA3), 6.0mI(EA4) and
7.5mI(EA5) of ethylamine as inhibitor at room
temper atur e(273.15K)

entropy (AS*) inthe presenceof inhibitorsare negative
and larger thanin theabsent of inhibitors. Thismeans
that the aggressiveionswerein higher order statethan
at theinitial state’¥. Thedecreasein the solvent entropy
isasaresult of desorption of water/aggressiveionsthat
were adsorbed on the surface of themeta which were
followed by adsorption of theinhibitorson the surface
of themetal(*@l,

The solutionwhich had the aggressiveionsinthe
most ordered state was obtained with about 0.2mol/I
of ethylamineasinhibitor with AS* valueof -301.16K/
Jmol withacorresponding highest corrosion efficiency
of 85.71%. Thisexcd lent inhibitory effect meritsto be
investigated a Smilar or lower concentrationsand vary-

TABLE 4: Thermodynamic parameter sfor the corrosion of
galvanized sted in 1mol/l NaCl with and without the presence
of different concentrationsof inhibitor sat roomtemperature
(298K)

System Con(cnirc])m“on K (J/ﬁll—lmol) (J/éﬁknol)
Blank 1.00 0.004 274.41
02471  0.007 -283.89
Ethanolamine 04944 0.009 -286.80
HO-CH,- 07416 0012 -284.41
CHNH, 09888  0.099 -266.86
12360 0115 -81630 -26561
02285  0.002 -301.16
Ethylamine 04569  0.003 -295.93
CHy-CH,- 06854  0.006 -286.80
NH, 09854  0.007 -288.89
11423 0008 -287.78

ing temperatures using other conventional techniques
of corroson studies.

M echanism of corrosion inhibition

Theinhibition of corrosion can beexplained onthe
basisof the concept of adsorption of inhibitorsonthe
corroding metd surface®. Theinhibitiveaction of these
compounds has been attri buted to the strong adsorp-
tion of thesemoleculesonthemeta surfaceusingthe
lonepairsof electron available onthe heteroatoms.

Theeffectiveinhibition by ethylamineisbecausethe
mol ecul e haslessinteraction with themedium asthe
nitrogen lone pairsof electron anchorsonthe positive
meta surface. While ethanolamine on the other hand,
though with morelone pairs of electron hasthe OH
group which at high concentration has been suspected
to beresponsiblefor the gradual deterioration of the
metd. Thecorrosoninhibition mechanism of thecom-
poundsisdepictedin Schemeland 2:

In Scheme 2 (a), it hasbeen shown that thereisa
highinductive effect towardsthemore el ectronegative

H

CH,~ CH,CH,~No—m—
H

Scheme 1

H
(a) HO - CH,CH,~N:

H

H

(b) HN CH,CH; Q——
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(c) NIH_ ? (d) H :/H 7
CH, /) y N"’é
7 CH,

CH, ? |

:(l‘):—-;’,; CH—0i=

| 4

H H
Scheme?2

hydroxyl group thereby causing apossible desorption
of the adsorption centre, theaminegroup fromthemeta
surface. Thus, therewould havebeen smilar effect from
thetwo inhibitorsas observed from theresultsif there
wasonly theaminegroup availablefor adsorption.

From Scheme 2 (b), the attack of themetd surface
by the hydroxyl group may haveresultedintheformation
of asolublemeta oxide, henceincreasein corrosonrae
compared totheaction of ethylamine. Theinhibitiveac-
tion of ethanolamineisrelated to thejoint action of the
amineand hydroxyl groups. Whiletheaminegroup does
theinhibition, thehydroxyl group promotescorrosion.
Thishasreflectedin theresultsobtained for theweight
lossof gavanized sted in 1M NaCl using ethanolamine
asinhibitor asshownin TABLE 2.

Scheme 1 (c) and (d) showsanother possible ad-
sorption modesof theinhibitorsbased onthe orienta-
tion of thefunctiond groupsin ethanolamineduringan
attack. If scheme 2 (c) occurred, then there must have
been apossi bl e steric hindrance on the metal surface
for theadsorption of other moleculesavailableinthe
solution and possi bly the effective adsorption of theni-
trogen lonepairsof e ectron onthemeta surface may
beimpaired. Thiscould lead to physica adsorption of
the other part of the molecules on the metal surface
thereby reducing corrosion whilethe hydroxyl group
which hasanegative effect attacksthe other part of the
metal surface. The probability for scheme 2 (d) to oc-
cur, though dim, dueto thepossiblestrainonthecyclic
chain formed produces similar effect asin scheme 2
(©). Hence, thereispossbility of occlusion of somepart
of themetal surface, whiletheboth active centresare
attacking independently.

Therefore, based on the resultsin TABLE 2 ob-
tained for the corrosioninhibition of galvanized stedl in

= Fyl] Peper

1mol/lI NaCl by ethanolamine, it issuspected that the
aminegroupisresponsiblefor theeffective corrosion
inhibition whilethe hydroxyl group isresponsiblefor
thedeterioration of themetal. Thisresultissynonymous
with thejoint action of thetwo groupsin scheme2 (d)
and possibly scheme 2 (c) or combined action of
scheme 2 (a) and 2 (b) respectively.

CONCLUSION

Gavanized sted exhibitsgood resi stanceto corro-
soninsdinemediumuntil theanodically protected sur-
faceispenetrated.

Thetwoinhibitorsusedinthisstudy -ethanolamine
and ethylamine provided agood inhibition effect but
arenot good inhibitorsat higher concentrationsin the
corrodent medium considered. Ethylamine hasgreater
corrosioninhibition efficiency than ethanolamineinthe
corrodent medium considered.

Theentropy of the aggressiveionswasfound to
have reduced onintroduction of theinhibitorsinto the
corrodent medium. Consequently railsing theactivation
energy of the corrosion process.

Theeffectivenessof theinhibitorsclearly Sgnifies
theaction of their molecular structures.
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