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ABSTRACT

Effect of A on the corrosion of zinc has been studied by using weight loss
and gasometric methods. The study reveal ed that A inhibits the corrosion of
zinc with corrosion efficiency ranging from 34.64-73.50%. The kinetics of
uninhibited and inhibited corrosion reaction of zincisfound to befirst order.
Values of rate constant and half-life ranged from 0.1076-1.10893 and 24-
154days respectively. Average values of activation energy (E,) of theinhib-
ited corrosion reaction (5.1751Jmol) was higher than average values of ac-
tivation energy obtained for the uninhibited corrosion reaction(-13.0760J/
mol). Average val ues of enthalpy change(AH_, =-15.1751Jmol) and entropy
change (AS,_=-279.8631Jmol) and free energy of adsorption (AG_= -
87.5829K Jmol) reveal that theinhibited corrosion reaction of zinc issponta
neous and exothermic. From the cal culated thermodynamic parameters the
inhibited corrosion reaction of zinc is controlled by activation complex and
proceeds via chemical adsorption. An adsorption characteristic of the stud-
ied inhibitor(A) isfound to obey the classical isotherm of Lagmuir.
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INTRODUCTION

A corrosioninhibitor isachemica substancethat
when applied in smal quantitiesto corrosive medium
reducestherate of corrosion of ametal or ametal al-
loy!*€l, A search for asuitableinhibitor for the corro-
sion of zinc (in acidic medium) involvesachoice be-
tween those synthesi sed from cheap raw materia sand
those containing hetero-atoms (N,O,S or P) in aro-
matic or long chain carbon compound“*®.,

In addition to other uses, zinc is often used for

el ectro- protection of iron against corrosionimplying
that asearchfor aninhibitor that can retard zinc corro-
sonshouldrequire adequateattention. The present Sudy
seeks to use 5-amino-1-cyclopropyl-7-[(3r,5)3,5-
dimethyl piperazin-1-yl]-6,8-difluoro-4-oxo-quinoline-
3-carboxylicacid (A) toinhibit thecorrosion of zincin
0.01IM H,SO,.

MATERIALSAND METHODS

Materials
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Thesample(A) wassynthes zed by chemicad method
asreported by Mandell et al.,[. Zinc specimens used
for the study were of dimension of 5x4x0.11cm. The
acid solutions (0.01 and 2.5MH,SO,) were prepared
fromanaa grade. Thezinc couponwaswashed in etha-
nol, dried in acetone and preserved in a dessicator.
Various concentrations(1x104-5x10*M) of A were
also prepared.

Weight loss measur ement

Weight lossmeasurementswere carried out asde-
scribed inliterature®19. The volumeof acid used for
theimmersion test was 150ml. Zinc el ectrodewasim-
mersedin solutionsof acid andinhibitors(dissolvedin
0.01M H_SO,). Each set of experiment was conducted
under thermostated condition (303, 313 and 323K).
Prior to weight loss measurement, each coupon was
withdrawnfrom their respective solution, washedin 5%
chromic acid solution (containing 1% silver nitrate, in
10% aluminum chloride), rinsed in boiling water and
driedin acetonebeforeweighing .

Fromweght lossmeasurement, inhibition efficiency
and degree of surface coveragewere calculated using

equation 1 and 2 respectively?9,
%]1=(1-W /W )x100 1)
0==1-W /W, )

where W, and W, are the weight losses (g/dm®) for mild steel
inthe presence and absence of inhibitor inH_SO, respectively.

Gasometric method

Gasometric method was carried out as described
inliterature**3 From thevolumeof hydrogen evolved
per minutes, inhibition efficiency of A was calculated
usingequation 3

1(%)={1- V*, /V° }x100 &)

where V°, is the volume of hydrogen evolved at time t for
inhibited solution and V°,, isthe volume of hydrogen evolved
at timet for unhibited solution

RESULTSAND DISCUSSION

Effect of concentration and temperature

Figure 1 showsweight lossof zincin0.01M H,SO,
in the presence of 0.0001-0.0005M of A asadditive.
Comparingfigure1 withfigure 1b(insertedinfigure 1),
it can be seen that va ues obtai ned for weight losses of
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zincinthepresenceof different concentrationsof A were
generally lower than values obtained for the blank
(figurelb) indicatingthat A retard thecorrasion of zinc.

Weight |osseswere observed toincreasewithtem-
peratureindicating that corrosion rate of zincislow-
ered at higher temperature and that A isadsorbed on
zinc electrode by chemical adsorption*+9,

Kineticsand thermodynamicsconsider ations
In order to determinethe order of the uninhibited
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Figure 1: Weight loss of zincin 0.1M tetraoxosulphate
(V1) acidinthepresenceof A

2.0000 -
1.5000 - A
1.0000 - u

0.5000 +

Weight loss(g)

0.0000

1 2 3 4 5 6 7
Immersion period(days)

Figure1(b): Weight lossof zinc(blank)
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andinhibited corrosion reaction of zinc, Attemptswere
madetofit data obtained from weight |oss measure-
mentswith respect to zero, first and second orders. By
far theuninhibited and inhibited corros on reactions of
zincwerefoundto obey first order kineticsat dl tem-
peratures. A first order equation can bewritten asequa
tion (4)!;
-d(a-x)/dt=K_t 4
where a-x is the weight loss of zinc electrode, K isthe first
order reaction rate constant and t is the time in days.
Rearranging and integrating equation 4, equation 5
isobtained:
-Log((a-x)/a=K,t/2.303 (5)

From equation 5, aplot of -Log[weight |oss of mild
stedl] versustime should produceastraight linewith
dopeequastoK /2.303. Thehdf livesof theinhibited
and uninhibited corrosion reactionswerealso calcu-
lated using equation 67617

t,,,,= 0.693/K | )

Figure 2 showskinetic plot for thecorrosion of zinc
in0.01M H_SO, inthe presence of different concen-
trationsof A. From dopesof linesonfigure2, valuesof
K, werecalculated. Vauesof t,, werealso caculated
by substituting K, valuesinto equation 6. From calcu-
lated valuesof t,, itisfound that A hasthetendency of
extendingthehdf lifeof zinc corrosion.

In order to calculate the activation energy of the
corrosion reaction of zinc in 0.01M H,SO,, the
Arrheniusequation was used (equation 7)617,

K =exp(-E/RT) (7

Where K is rate constant obtained from the slope of kinetic
plots (Figure 2), E, isthe activation energy of corrosion, Ris
the gas constant and T isthe temperature. Transforming equa-

tion 6 to logarithm form, equation 8 is obtained:
LogK=-E_/2.303RT )]
Fromequation 7, aplot of LogK versus1/T should

TABLE 1: Valuesof ratecongtant and half-life(days) for cor-
rosion of Zn in 0.01M H,SO, in the presence of 0.0001-
0.0005M (A)

mjj’g‘r'ns K(303) K4(313) K4(323) t1(303) t1,(313) t1(323)
0.0001 0.1076 0.3376 0.2906 154 48 58
0.0002 0.1253 0.3109 0.3452 132 53 48
0.0003 1.4117 0.3300 0.2607 24 56 72
0.0004 1.0893 0.2665 0.2549 24 63 72
0.0005 0.2326 0.3669 0.3878 72 48 48
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Figure2a: Kineticplot for corrosion of Znintheblank
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Figure2: Kinetic plot for the corrosion of Zn in 0.01M
acid in thepresenceof A(insert, plot for theblank)

produceastraight linewith slopeequa to—E /2.303R.

Au Tudian Yourual



MSAIJ, 4(1) January 2008

N.O.Eddy and A.S.Ekop 13

0.4000 -

0.0001M y = -2.1587x + 6.249
R?=0.6391
0.0002M y =-2.201x + 6.4194
- 2 _
0.2000 R?=0.8266
0.0003M y = 3.6681x - 12.043 A
R?=0.8524
0.0004M y = 3.1536x - 10.468
2 _
0,000 R?=0.7728
0.0005M v =.11101x + 3.05
R?=0.8304
-0.2000
¢ 0.0001M
H 0.0002M
¥ A 0.0003M
2 -0.4000 -
a X 0.0004M
X 0.0005M
-0.6000
-0.8000 -
|
L
-1.0000
-1.2000 ; ; ; ; ; ‘
305 31 315 32 325 33 335
T x 0.001(/K)

Figure 3: Arrheniusplot for corrosion of zincin 0.01M
acid corrosion inthepresenceof A
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Figure4: Transtion stateplot for thecorrosion of zincin
0.01M acid inthepresenceof A

TABLE 2: Thermodynamic par ameter sfor thecorrosion of zincin 0.01-0.01M H,SO, in the presence of 0.0001-0.0005M (A)

Con. mol/dm®  E,(J/mol)  AH°J/mol)  AS(J/mol)  AG°(303)(KJ/moal) AG°(313)(KJ/mol) AG’(323)(K.J/mol)
0.0001 -41.3329 38.6753 -134.2310 -40.7107 -42.0530 -43.3953
0.0002 -42.1429 39.4852 -130.9684 -39.7229 -41.0326 -42.3423
0.0003 70.2336 -72.8913 -484.4801 -146.7246 -151.5694 -156.4142
0.0004 60.3729 -63.0401 -454.,3234 -137.5970 -142.1402 -146.6834
0.0005 -21.2552 -18.5976 -195.3123 -59.1610 -61.1142 -63.0673

Mean 5.1751 -15.2737 -279.8631 -84.7832 -87.5819 -90.3805
Figure4 showsArrheniusplot for thecorrosonof zinc.  K=RT/Nhexp(ASR)exp(-AH/RT) 9

Fromthe slopeof linesonthe plots, calculated values
of E, ranged from 21.2552-70.2336J/mol (mean =
5.1751Jmol)(TABLE 2) implying that the activation
energy of theinhibited corrosonreection of zincishigher
than that of uninhibited corrosion reaction of
zinc(average E, = - 13.0760J/mol) and thatA inhibits
thecorrosonof zinc.

Inorder to cd culatethermodynamic parametersfor
the corrosionreaction of zinc, transtion state equation
(equation 9) was used*&17:

Rearranging and integrating equation 8, equation 9is
obtained.

Log(K/T)=L ogR/Nh +AS/2.303R-AH/2.303RT (10)

where N is Avogadro’s number and h is the plank constant.
From equation 9, aplot of LogK/T versus 1/T should produce
a straight line with slope equal to -AH/2.303R and intercept

equalsto LogR/Nh+ AS/2.303R

Valuesof AH_, (TABLE 2) calculated from slopes
of linesontheplot (Figure 3) ranged from -72.8913-
39.4852J/mol (mean =-15.2737Jmol) indicating that
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theinhibited corrosion reaction is spontaneous. Vaues
of AS  calculated frominterceptsof linesonfigure3
ranged from -130.9684-484.4800J/mol (mean= -
279.8631Jmol). Thelargeand negativevauesof AS_
obtained for theinhibited corrosion reaction of zincin-
dicatesthat adsorption of A onzinc surfaceiscontrolled
by activation complex and that thereisassociation in-
stead of dissociation. .

Vauesof freeenergy of adsorption AG,, were
calculated by subgtituting valuesof AH_,_and AS_, into
equation 1101,

AG°=-AH°-TAS (11)

Meanvauesof AG,, calculated fromequation 10
ranged from—84.7832 - -90.3805Jmol Thesevalues
arenegativeand are abovethethreshold valueof 40K J
mol required for physical adsorption therefore adsorp-
tion of A on zinc surfaceis spontaneous and proceeds
viachemica adsorptionl®,

Adsor ption consider ation

Adsorptionisotherm providesaclueto themode
and mechanism of adsorption. Attemptsweremadeto
fit dataobtained fromwel ght lossmeasurement into dif-
ferent adsorption isothermincluding those of Lagmuir,
Frumkin, Freundlich, Temkin, Florry Huggins, and El
awardy isotherms. By far the datafitted Lagmuir ad-
sorptionisotherm best.

Assumption of Lagmuir adsorptionisothermisex-
pressed by equation 121820

ClO=1/K+C (12)

where Cisinhibitor’sconcentration, 0 isthe degree of
surface coverageand K isthebinding constant. From
equation 11, aplot of C/6 versusC should giveastraight
linewithintercept equalsto /K. (Ashassin-sorkhabi et
al., 2006). Lagmuir plot for theinhibited corrosion re-
actionisshown by figure4. Thefact that lineson the
figuresarelinear and very closeto each other (with R?
ranging from 0.8538-0.9972) confirmsthat Lagmuir
isotherm isobeyed and that the mechanism of adsorp-
tionisthesame. Theapplicability of Lagmuir adsorp-
tionisotherm to the adsorption of A on zinc el ectrode
suggeststhat thereisahighincreaseinthefreeenergy
with respect to uninhibited system. Theresults show
strong adsorption of inhibitorsonthemild sted surface
and the exi stence of monolayers of adsorption{*&27,

TABLE 3: Inhibition efficiency of Afor thecorrosion of Znin

0.01IM H,SO,
Con Gasometric 0.01M tetr aoxosulphate
(mol/dm?) methods (V1) acid(weight 10ss)
(25M H,SO,) 303K 313K 323K
0.0001 48.45 57.07 6222 72.89
0.0002 48.40 57.66 6497 69.8
0.0003 50.21 56.8  56.57 70.17
0.0004 52.32 59.27 66.42 70.09
0.0005 45.21 3464 6571 73.50
0.0016 -
y =2.8644x - 0.0002
303K R2 =0.8538
L 2
0.0014 + y = 1.4948x + 2E-05
313K R?=0.9814
323k Yy =1.3703x + 9E-06
0.0012 4 R2 =0.9972
0.001
S 0.0008 -
0.0006 -
0.0004 -
0.0002 -
0 ; ; ‘
0 0.0002 0.0004 0.0006

Concentration (mol/dm3)

Figure5: Curvefitting for adsor ption of sparfloxacin on
mild Zn accor dingto L agmuir

From theintercept of Lagmuir plot (Figure4) cd-
culated va ues of the binding constant, K at 303, 313
and 323K were 5000, 50000 and 111111.10 respec-
tively. Thesevauesarelargeconfirmingthat A isstrongly
adsorbed on zinc surface.

Inhibition efficiency of A

Vauesof inhibition efficiency of A calculated from
weight lossmeasurement arerecorded in TABLE 3.
Theresult showsthat Inhibition efficiency of A increases
with temperature indicating chemical adsorption. Fig-
ure6 showsapl ot of variation of inhibition efficiency of
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Figure6b: variation of inhibition efficiency with temper a-
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A with concentration (Inserted, Figure 6aisthe plot
showing thevariation of inhibition efficiency of different
concentration of A with temperature). Fromthefigures,
itisobviousthat inhibition efficiency of A showsdight
variation with concentration but aproportiona varia-
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tionwithtemperature.

Valuesof inhibition efficiency of A obtained from
gasometric method were higher than val ues obtained
fromweight loss method. Thismay be dueto thefact
that weight |oss method measuresaverageva ueinhibi-
tion efficiency whilegasometric method measuresin-
gantaneousvaueof inhibition efficency. However, there
wasastrong correl ation between val ues obtained from
both methods (r= 0.8288).

M echanism of inhibition

Theinhibitor used hasahigh molecular weight of
392.41g/mol and molecular formula, C H,,F,N,O,.
It contains heteroatoms (N, O) bonded to three aro-
matic rings (Structurel) Itshigh molecular massand
electron rich bonds/functiona groupsarefactorsthat
enhanced the inhibition action of A.. Based on its
structure(Figure structurel), thefollowing inhibition
mechanismisproposed for theusedinhibitor (A):

I. Inacdicmedium, A undergoesdehydrationtoyield
anhydrosparfloxacinwhich suffersfurther cleavages
andlactorization

ii. Diluteacid promotes epimerization of C-bonds,
therefore, we propose that adsorption of A onzinc
surface henceitsinhibition efficiency isstabilized
by each moleculeof A donating electronto ava-
cant orbital of iron.

iii. Theproposed mechanismissupported by moder-
atevaluesof activation energy (mean=>5.1751J
mol) and other thermodynamic parameters Thefary
high negative values of entropy (mean = -
279.8631Jmol) of adsorption suggest theforma-
tion of acompact activated complex with fewer
degree of freedom.

CONCLUSION

Fromtheresultsof the study, thefollowing conclu-
sonsaredrawn, A isagood inhibitor for the corrosion
of zincin 0.01M H,SO,. Inhibition efficiency of Ais
dependent on concentration and temperature. Inhib-
ited corrosion reaction of Zninthe presenceof A is
controlled by activation complex Adsorption of A on
zinc surfaceis spontaneous and proceedsviachemica
adsorption according to classicd isotherm of Lagmuir.
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