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ABSTRACT

Effect of 7-Flouro and %-amino groups on inhibition of the corrosion of
zinc by quinoline carboxylic acid has been studied. Both compounds are
found to inhibit the corrosion of zincin 0.01M H,SO,. Inhibition efficiency
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of the two compoundsisfound to increase with temperature and decreases
with concentrations. Values of thermodynamics parameters calculated for
both inhibitors were comparable. However, values of inhibition efficiency
of flouro substituted carboxylic acid were higher than values obtained for

amino/flouro substituted carboxylic acid.
© 2007 Trade Science Inc. - INDIA

INTRODUCTION

Corrosionisan environmental problem resulting
from contact of ametd or itsalloy acidic or basic me-
dium®7, Temperature and corrodent;s concentration
arethemaor factorsresponsiblefor the corrosion of
metal 9% In most cases, therate of corrosion of met-
alsincreases asthe temperature and corrodent’s con-
centration increases®!4. Theenvironmentd implication
isthat corrosion of metasisprevaentinindustria ar-
easwhereacid rain and globa warming are common.

Theuse of inhibitors has been found to be one of
the best methods of fighting against corrosion of met-
ald'*'2, Most inhibitors are either synthesised from
cheap raw materials or are chosen from organic com-
pounds having e ectron rich bond and/or heteroatoms
inlong carbon/aromatic chain”9., In practicechoosing

and confirming theinhibitive action of any compound
requiresthermodynamic, kinetic and adsorption con-
Sderationsimplying that model smust befashioned to
present theoretical suitability of aninhibitor meant for
field utilization. The present study isaimed at investi-
gating effect of A and B oninhibition of thecorrosion
of zinc. Thechemica structuresof thecompoundsare
shown by figure 1. From the structure, itismost prob-
ablethat the compoundsaregood corrosioninhibitors.

MATERIALSAND METHODS

1. Materials

The sample(D) was synthesized by green chemis-
try method™. Zinc specimens used for the study were
of dimension of 5x4x0.11cm. The acid solutions
(H,SO,) were prepared from analar grade manufac-
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Figurel: chemical structureof Aand B, For A, R=H,R=
CH,,R=H.For B,R;=NH_,R =CH,and R =F;
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Figure 2b: Weight loss of zinc versusimmersion time
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Figure 2: Weight loss for the corrosion of zinc in the
presence of 0.00001M A and 0.00001M B at 303-323K

tured by BDH chemicals. Each mild steel couponwas
washed inethanal, dried by dippinginacetoneand pre-
served inadessicator prior totheir used..

2. Weight loss measurement

Weight loss measurementswere carried out asde-
scribed in literature!®?, Each specimensof themild
steel coupon wasimmersed in separate beakers con-
taining 250ml of 0.0001-0.0005M of A (each dissolved
in 0.01M H,SO,) and to another beaker containing
250ml of 0.01M H_SO, to serve asthecontrol (blank).
Each set of experimentswere carried out at different
thermostated conditions (303, 313 and 323K) after
every 24hoursperiod of immersion for atotd period of
168hours. Prior to weight |oss measurement, each cou-
ponswere withdrawn from their respective solution,
washed in5% chromic acid solution containing 1% sl-
ver nitrate, in 10% a uminum chloriderinsed in boiling
water and driedin acetone beforewe ghing with scaltec
high precision balance (Model SPB31) having 4 deci-
mad placesengtivity.

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

equations 1 and 2 respectivelyiz®.,

%]1=(1- W/W,) x 100 1)
0=1-W /W, )
CR=534W/pAt ©)

where W, and W, are the weight losses (in g) for mild steel in the
presence and absence of A/B. W = W, W.,., p is the density of the
mild steel specimenin g/dm?, A isthe areaof the specimen in square
inch and tisimmersion timein hours.

Gasometric method

Gasometric methodswerecarried out as described
inliteraturé?4, From thevolumeof hydrogen evolved
per minutes, inhibition efficiency of theused inhibitor
was cal culated using equation 4

|(%)={1—\\// 1% 100 )

0
Ht

where vV’ isthe volume of hydrogen evolved at time t for
inhibited solution and V°, isthe volume of hydrogen evolved
at timet for unhibited solution

RESULTSAND DISCUSSION

1. Effect of concentration and temperature on
weight lossof zinc

Figures 2-4 show plots of weight lossof zincin
0.01M H_SO, inthe presence of different concentra-
tionsof A and B respectively (inserted areplotsof weight
lossversustimefor different concentrationsof H,SO)).
From the plots, three major trends can be observed.
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Figure3: Weight lossof zincin the presenceof 0.0002(2A/
B) and 0.0003(3A/B) of A and B at different temperature
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Figure4a: Weight lossof zincin 0.04 and 0.05M
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Figure4: Weight lossof zincin the presenceof 0.0004(4A/
B) and 0.0005(5A/B) of A and B at different temperature
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Figure4: Kineticplot for thecorrosion of zincinthepres-
enceof 0.0001M A and 0.0001M B

concentration of A or B. Secondly, at constant concen-
tration, averagevauesof weight lossesof zinc elec-
trodeswerefound to increasewith temperature except
at concentrations of 0.0001M A, 0.0002MB and
0.0003M B werethreewere dight increasein weight
lossbeforethe decreaseat 323K. Lastly, the corrosion
of zincinH_SO, tend to increase asthe concentration
of H,SO, andistemperatureincreased.
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Figure5b: Kineticplot for corrosion of zincin 0.04 and
0.05M tetraoxosulphate(VI) acid
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Figure5: Kineticplot for thecorrosion of zincinthepres
ence of 0.0002(2A/B)-0.0003M (3A/B) of A and

2. Kinetics, adsor ption and ther modynamics con-
siderations

Thedissolution reaction of zincin H,SO, can be
represented by equation 5:

Zn(9+H*——>Zn*+H, (5)

From equation 5, therate of dissolution of zinc can
bewritten asfollows,

d[Zn ]
—q T KalZnel ®
where[Zn(s)] and[Zn(s)]0 are the concentrations of zinc at time,
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Figure6: Kineticplot for thecorrosion of zincinthepres
enceof 0.0004(4A/B)-0.0005M (5A/B) of Aand B

t=0and at timet. Following theinitial conditi ons[Zn(s)] =[zn S)]0
at t=0 and assuming that the corrosion reaction is control fed
by the forward reaction, then equation 6 can be transformed to

equation 71%41;

[Zn(s)] :[Zn(s)]oexp(_kt) (7)
where K istherate constant of the corrosion reaction of zinc
Integrating equation 7, equation 8 is obtained:

In[Zn(S)] -[Zn(s)]O:-Klt (8)
If assumptionsestablishing equation8arevaid, then
aplot of -log[weight loss] of zinc versustime should
produceastraight with slopeequal to K /2.303. Plot-
ting of valuesof weight lossof zinc with respect to dif-
ferent concentrations of H,SO, and A (0.0001M-
0.0005M)/B(0.0001-0.0005M) yielded straight lines
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Figure8: Curvefitting for adsor ption of Aand B on zinc
surfaceaccor dingto L agmuir adsor ption isotherm

(Figures 4-6) implying that the corrosion reaction of
zincinthe presence and absence of A and B proceeded
according to first order kinetics. Values of rate con-
stantsat varioustemperatures and temperatureswere
obtained from dopesof linesontheplots.

Vauesof K, obtained fromkinetics plotswereused
to calculate the activation energy of the corrosion re-
action of zinc according toArrheniuseguation(9):

K=Aexp(-E/RT) 9

where E, isthe activation energy of the corrosion reaction of
zinc, R isthe gas constant and A isArrhenius or pre-exponen-
tial constant. Taking logarithm of both sides of equation 9,

==  Pyl] Peper

TABLE 1: Ther modynamic par ameter sof adsor ption of A and
B on zinc electrode

Concentration of (Ez)d/moal
inhibitor (mol/dm?®) A B
0.0001 39.7264 41.30804
0.0002 -86.8074 421352
0.0003 51.5460 -70.2336
0.0004 49.6562 -60.3882
0.0005 43.2897 21.25333
ASys (Jmol) 303.35 303.35
AHags (KIYmol) -68.369 -67.0177
Temperature (K) AGys (KImol)
303 -23.2063 -23.2063
313 -31.3166 -27.2615
323 -29.2734 -29.274
equation 10 is obtained*>*7:
L ogK=logA-E_/2.303RT (10)

Fromequation 9, plotting of logK versus /T should
giveadraight linewith slopeequal to-E /2.303R and
intercept equalstologA. Vauesof logK plotted against
UT (Figure7) yielded straight lines (R? ranged from
0.08867-0.9876) for bothinhibited and uninhibited cor-
rosion reactions of zinc. From slopesof lineson each
plot, respectivevauesof E werecal culated. Vaues of
E,(TABLE 1) for uninhibited corrosionreaction of zinc
were negative and lower than va ues obtained for reac-
tionsinhibited by either A or B. Thisindicatethat A and
B retards the corrosion reaction of zinc in 0.01M
H,SO,.. However, athoughva uesof E_ obtained for A
wererelatively comparableto values obtained for B,
correlation between them wasweak (R? = 0.2955).

Adsorptionisothermsarevery important in under-
standing the mechanism of inhibition of corrosion reac-
tion of zinc. Themost frequently used adsorptioniso-
therms are Frumkin, Temkin, Freundlich, Florry
Huggins, Bockris-Swinke, El-Awardy and Lagmuir iso-
therms. All theseisotherms can berepresented asfol-
lows,

(0, x)exp(-2a0)=kC (11)

where £(0, x) isthe configuration factor which depends
upon the physica mode and theassumptionsunderly-
ing the derivation of theisotherm. 6 isthe degree of
surface coverage, Cistheinhibitor concentrationinthe
electrolyte, X isthesizeration, aismolecular interac-
tion parameter and k isthe equilibrium constant of the
adsorption process. Adsorptionof Aand B onzincelec-
trodewerebetter explained by Lagmuir isotherm. Ac-
cording to assumptionsof Lagmuir, the concentration
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of the adsorpbate (A/B) inthe bulk of the el ectrolyte
(C) isrdlated to degree of surface coverage () by equa
tion 12135201;
Cl0=1/k+C (12)
Figure6 and 7 show Lagmuir plotsfor adsorption
of A and B on zinc surface respectively. Thefact that
plotsof C/6 werelinear (R? ranged from 0.8765-1.000)
impliesthat Lagmuir adsorptionisothermisapplicable
for theadsorption of A and B onzinc e ectrodeand that
the adsorption of A and B on zinc eectrodeig®9.
Frominterceptsof respectivelinesonthe Lagmuir
adsorption plot (Figure 8), vauesof equilibrium con-
stant of adsorption (k) were obtained. Theequilibrium
constant of adsorptionisrelated to free energy of ad-
sorption (AG_,) according to equation 13
AG_ =-RTIn(55.5k) (13)

Valuesof AG_,_calculated from equation 13 were
negatives and closeto threshold values required for
chemical adsorption (TABLE 1) implying that adsorp-
tion chemical adsorption mechanismisapplicableto
adsorption of A and B on zinc electrode
Thermodynamic parametersof adsorption (AH_, .and
AS_,) werecomputed by using Gibb Helmholtz equa-
tion:

AG_=AH_-TAS (14)

Fromequation 14, plotting of AG_, versus T should
giveastraight linewithslopeequal to AS__and inter-
cept equa to AH_,. Values of AH__and AS__ are
recorded in Table 1.From the results, it can be seen
that the adsorption of A and B isexothermic.

3. Inhibition efficiency of Aand B
TABLE 2: Valuesof inhibition efficiency of A and B at differ-

ent temper atures
Con A B
(mol/dm®) 303K 313K 323K 303K 313K 323K
0.0001 78.39 70.19 85.01 57.07 62.22 72.89
0.0002 8559 7240 82.73 57.66 64.97 69.8
0.0003 60.38 70.19 79.96 56.8 56.57 70.17
0.0004 59.18 70.19 79.58 59.27 66.42 70.09
0.0005 51.98 7240 80.35 34.64 6571 735
Con. Thermometric method
(mol/dm?) A B
0.0001 87.43 67.54
0.0002 90.44 63.76
0.0003 69.89 62.66
0.0004 64.35 70.46
0.0005 60.32 50.12

-20.000D 5
-FE000n H
k40000 4
260000 o

:
= .2e.0000
B -20.0000
2 320000 &
% 440000 R2 = 0.9636
340000 1 gy = g7
& & GA)
36.0000
m HE)

-3&.0000 1

-40.0000
303

313 31z 333

Ternper ature (E)
Figure9: Effect of temperatureon thestandar d freeen-
er gy of adsor ption of A and B on zinc surface

o000
£0.00
7000
60 .00

50.00

£

Trhihitimn efficiancy (%)

—»— 302ELA)
—m— 313ELA)
—k— 323ELA)
—e— 303FLE)
—o— 313K(E)
—A— 323E(E)

30.00

2000

10.00

0 LIRILI] IV ooond LR

€ omucenabradi cnofroel Ade 3y

Figure 10: Variation of inhibition efficiency of A and B
with concentration at different temperatures

Vauesof inhibition efficiency of Aand B caculated
from equation 1 arerecorded in TABLE 2. It isseen
that valuesof inhibition efficiency of A arehigher than
those of B at similar temperature and concentration.
From the chemical structures of A and B , it can be
seen that thetwo compoundshavesimilar parent struc-
turebut B hasadditiond flourineand amino group com-
pareto A which hasonly onefluorine. In addition, the
molecular massof B isgreater thanthat of A.Asarule,
theinhibition efficiency of B isexpected to begreater
than that of B but thiswas not observed inthisstudy.. It
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Figure 11: Variation of inhibition efficiency of A and B
with temperature(1A, 1B =0.0001M A & 0.0001M B, etc]

isbelievethat the presence of amino groupin B hin-
dered theease of donation of e ectronfor theformation
of zinc-inhibitor complex. Thusdecreasingitsinhibition
effidency.

Variation of inhibition efficiency with concentration
isshown by figure 10 whilefigure 11 showsvariation of
inhibition efficiency of A and B withtemperature. The
figuresrevedsthat inhibition efficiency of Aand B in-
creases asthetemperatureincreases and decreases as
the concentration of theinhibitor increases. Thetrend
for the variation of inhibition efficiency of A and B with
temperature was A(323K)>B(323K)>A(313K)
>B(313K)>A(303K)>B(303K).

Vauesof inhibition efficiency of A and B obtained
from gasometric method wererelatively higher than
vauesobtained fromweight lossmeasurement. Thisis
duetothefact that wei ght loss method measures aver-
agevauesof corrosion ratewhile gasometric method
measuresingtantaneousval uesof corrosion rate. How-
ever, valuesobtained from weight lossat 303K corre-
lated strongly with va ues obtained from gasometric
method for both A(R?=0.9765) and B(R?=0.8871)
implyingthat A and B aregood corrosoninhibitorsfor
zinc..

CONCLUSIONS

From the study, thefollowing conclusonsare made,

(1]
2]

[3]
[4]

[5]
[6]
[7]

[8]
]

[10]

[11]
[12]

[13]

[14]

[15]
[16]
[17]
[18]
[19]

[20]
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Both compoundsinhibit the corrosion of zincin
0.01IM H,SO, at 303-323K.

Inhibition efficiency of both compoundsincreases
with temperatureand decreaseswith concentration.

iii. Theinhibitorsareadsorptioninhibitorsbeen spon-

taneoudly adsorbed on zinc el ectrode according to
Lagmuir adsorption isotherm.

Vauesof thermodynamics parametersand inhibi-
tion efficiency of A and B are comparable.
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