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ABSTRACT

7-[2-amino-2-(4-hydroxyphenyl)-acetyl]amino-3,3-dimethyl-6-oxo-2-thia-5-
azabicyclo[ 3.2.0]heptane-4-carboxylic acid has been found to inhibit the
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corrosion of mild steel in 2.5M H_SO,. Inhibition efficiency of different
concentrations of A(0.1-0.5g/dm?®) ranged between 34.79-52.30 and 7.49-
24.23 at 303 and 333K respectively. Mechanism of inhibition of mild steel
corrosion by A is through spontaneous physical adsorption
process(AG,, = -0.8853 and -3.7274K J/mol at 303 and 333K respectively).
Adsorption of A onmild steel surfaceisendothermic(AH_, =positive) and
ischaracterized by high and positive valuesof AS__indicating the forma-

tion of astable complex.

INTRODUCTION

Theuse of acorrosion inhibitor isoneof the best
option of protecting meta sagainst corrosion3. A cor-
rosioninhibitor isany substanceswhichwhenaddedin
minute concentration, can retard/inhibit therate of cor-
rosion of ametall™.

Thechoiceof aninhibitor isbased ontwo options.
First it can be synthesized from cheap raw materials.
Secondly, it may be chosen from organic compound
having heteroatom(N,S,0O,P) intheir long carbon chain
or aromatic ring structure“®. Based onthese, severa
inhibitors have been used for the protection of metal
against corrosion”. However, most of theseinhibi-
tors contain heavy metal s or toxic compoundswhich
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havethetendency of affecting the quality of theenvi-
ronment(®-12, The compound 7-[2-amino-2-(4-
hydroxyphenyl)-acetyl] amino-3,3-dimethyl-6-oxo -2-
thia-5-azabicycl o[ 3.2.0] heptane-4-carboxylic acid(A),
meetsthestructura requirementsfor used asacorro-
sioninhibitor. It doesnot contain heavy meta or other
toxic compounds. These propertiessuggest that A may
be agood inhibitor that meetsenvironmental and in-
dustria requirementsfor green corrosoninhibitors.
The present udy seekstoinvestigatetheinhibitive
propertiesof A for mild steel corrosioninH,SO,.

MATERIALSAND METHODS
Materials
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Materid sused for the study weremild steel sheets
of composition(wt%) Mn(0.6), P(0.36), C(0.15) and
Si(0.03). The sheet was mechanically pressed cut to
different coupons of dimension, 5x4x0.11cm. Each
coupon waswashed with ethanol, driedin acetoneand
preservedinadesiccator. All reegentsused for thestudy
wereanadar grade. Doubledistilled water wasused for
the preparation of 1-3M H,SO,. Theinhibitor (A) was
supplied by Nnabuk Okon Eddy and the concentration
range of A prepared for used was 0.1-0.5g/dm®. Each
concentrationwasdissolvedin 2.5M H_SO,.

EXPERIMENTAL

Gasometric method

Gasometric methodswere carried out at 303 and
333K asdescribed inliterature®”. From the volume of
hydrogen evolved per minutes, inhibition efficiency (%l),
and degreeof surface coverage (0) werecd culatedusing

equation 1 and 2 respectively.

V'Ht
1(%)={1- o }x100 1
0=%1/100 @)

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.
Thermometric method

Thiswas also carried out as reported el sewhere
(810, From the rise in temperature of the system per
minutes, thereaction number (RN) wascal culated us-
ing equation 3:

RN(°C minutes) Tm-Tilt (€)
where T isthe maximum temperature attained by the system,

T, istheInitial temperature and t is the time. From the above,
the inhibition efficiency of the used inhibitor was computed

using equation 4:

RN 5 — RNWi

%l = %100 4

aq
Where RNaq and RN, are the reaction number in the absence
and presence of the inhibitor respectively.

RESULTSAND DISCUSSION

Results

CHEMICAL TECHNOLOGY

0.0

250 4

20.0 4

o
o

10.0 4

Volume of hydrogen liberated(cm3)

5.04

Time(minutes)
Figurel: Gasometricplot for the corrosion of mild steel
indifferent oncentration of H,SO, at 303K
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Figure2: Gasometricplot for (A) at 303K

Figure 1 shows gasometric plot for the corrosion
of mild stee! indifferent concentration of H,SO,. Fig-
ure 2 showsgasometric plot for the corrosion of mild
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steel in 2.5MH,SO, in the presence of different con-
centrations of (A)(0.1-0.5g/dm?3) at 303k. Figure 3
showsgasometric plot for the corrosion of mild sted in
the presence of different concentrationsof (A) at 333k.
Discussion

Fromfigurel, it canbe seenthat thecorrosionrate
of mild stedl is concentration dependents. The corro-
sionratealsoincreaseswith increasein the period of
immersion of themild steel. Fromfigures2and 3, itis
seen that addition of different concentration of (A) to
2.5M H,SO, lowers the corrosion rate of mild steel
indicatingthat (A) inhibitsmild sted corrosion. Vaues
of inhibition efficiency of (A) caculated from equation
larerecordedinTABLE 1. Fromtheresults, itisnoted
that theinhibition efficiency of (A) istemperatureand
concentration dependents. At fixed concentration of (A),
inhibition efficiency of (A) decreasewith temperature
but at constant temperature, variation of inhibition effi-
ciency with concentration follows the trend,
0.1>0.4>0.3>0.2>0.5g/dm? at 303K and 0.2>0.3>
0.5>0.4>0.1g/dm® at 333K.

Vauesof inhibition efficiency obtained from ther-
mometric method area sorecordedinTABLE 1. These
values correlated strongly with values obtained from
gasometric method (r=0.8812, n=4, a=0.05) confirm-
ingthat Ainhibit mild sted corrosion.

In order to cal culate the heat of adsorption of the
inhibitor onmild stedl surface, equation 5 was used™:

Q,.=2.303R(logh,/1-0,—10g(0,/1-8 )(T,T/T,,T) (5

where Q_, is the heat of adsorption, R is the gas constant, 0,
and 0, are the degree of surface coverage at temperature,
T,(333K) and T, (303K) respectively. Valuesof Q_, calculated
from equation Swere negative and ranged from 14.3146-
72.0490K Jmol (mean= 47.5520K ¥mol) indicating that the cor-
rosion reaction of mild steel inthe presence of (A) isendother-

mic (Sharmaand Sharma, 2004).

Accordingto Yurt et al.[™!, adsorption isotherms
provideimportant clues about the nature of metal-in-
hibitor interaction. Frequently used adsorptionisotherms
areLagmuir, Temkim, Freundlich, Bockris- Swindles,
Forry Hugginsand Frumpkinisothermswith general
formulaexpressed by equation 612

f(0,x) exp(-2a0) =K C (6)

where f(0,X) is configuration factor, 0 isthe degree of surface
coverage; C isinhibitors concentration; K is adsorption con-
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Figure3: Gasometricplot for (A) at 333K

stant and aiis the molecular interaction parameter.

Attempt has been madeto fit data obtained from
hydrogen evol ution measurements(at 303 and 333K)
to different adsorption isotherm. By far the best i so-
therm that described the adsorption of (A) onmild sted
surfaceisFrumkin adsorption isotherm. Assumptions
of frumkin adsorption isotherm relates 0 to inhibitor’s
concentration according to equation 71213;

10g(6/1-0)[C]=logK +2018/2.303 7

where o isinteraction parameter and K isthe equilib-
rium congtant of adsorption.. From egquation 4.3, aplot
of |og(6/1-0)[C] versus6 should giveadtraight linewith
dopeequal to 20/2.303if theassumptionsof Frumkin
are applicable. Figure 4 shows Frumkin plot for the
adsorption of (A)onmild stedl surface. Vauesof o ob-
tained from Frumkin plots (Figure4) are 1.7855 and
3.5254 at 303 and 333K respectively. These values
arepositive andincrease with temperatureindicating
that the magnitude of the attractive behaviour of A on
mild sted surfaceincreaseswith temperature.
Theequilibrium constant of adsorption(equation 7)
isrelated tothefree energy (AG_,) of adsorption ac-
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Figure4: Curvefitting for adsor ption of (A) on mild steed

surface accor ding to Frumkin adsor ption isotherm
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Figure5: Chemical structureof (A)

cording to equation 8*3
AG,_,=-2.303RTlog (55.5K) ®
All parametersin equation 8 areasdefined earlier,

o o
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TABLE 1: Valuesof inhibition efficiency and ther modynamic
parameter sof adsor ption of A on mild sted surface

Con. %1 %1 %1 Qads
(g/dm®  (803K) (333K) (thermometric) (KJ/mol)
0.1 52.30 8.82 33.34 67.9017
0.2 34.79 24.23 16.67 14.3146
0.3 4410 12.33 33.34 48.2283
0.4 51.56 7.49 33.34 72.0490
0.5 46.59 19.82 - 35.2662

AGu(KJmol) -0.8853 -3.7274
ASuKImol) 3.0788 11.3362

valuesof AG_,_ calculated through equation 8 arere-
cordedinTABLE 1. Thenegaivevauesof AG_ indi-
catesthat theadsorption of (A) on mild steel surfaceis
spontaneous and isgoverned by mechanism of physi-
cal adsorption(AG_, < -40K Jmol)!+18;

Values of entropy of adsorption were cal culated
using the Gibb-Helmholtz equation&17;

AG_ =AH__—TAS 9)
Reaaranging equation 8. equation 10 isobtai ned:
AS_=(AG_ =AH_)IT (10)
Valuesof AS_, calculated through equation 10 were
positiveindicating theformation of acompact activa-
tion complex rather than dissociation™.

Thedgructurd formulaof (A) isshownby Figure5.
Indiluteacid, (A) (structurel) undergoeshydrolysisto
givestructurell (Figure6). Breaking of doublebonds
inthecarboxylicacid functiond group(sructurel) leaves
the compound with freeel ectronswhich aredonated to
vacant d-orbital of mild steel toform astable complex
(structurelll).

The proposed mechanismis supported by moder-
atevaluesof activation energy and other observable
thermodynamics parameters(AH_,, AG_, and AS ).
Thefairy high positivevalue of enthal py of adsorption
of (A) by mild stedl surfaceindicatesthat theinhibition

H

H

R N S
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S 0 j;l\’l/
N 50
O\ /o

(e O

V) Fe
Structurell Structurelll

Figure6: M echanismof inhibition by A, B,and C
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of mild stedl corrosonishighly solvated whilethehigh
negativevauesof entropy of adsorptionindicatesthe
formation of acompact activated complex(aseachin-
hibitor donatesits electronsto the vacant d orbital of
iron) with fewer degree of freedom-21,

CONCLUSION

Fromtheforegone study, thefoll owing conclusions

aredrawn,

The corrosion of mild steel inH,SO, depends on
concentration and temperature.

Different concentrationsof (A) iscapableof inhib-
itingmild steel corrosionin2.5mH,SO,. Valuesof
inhibition efficiency of (A) varieswith concentra-
tion and temperature. Optimum vauesof inhibition
efficiency of (A)were obtained at room tempera-
ture (303K). At 333K, forces of desorption tends
tolower valuesof inhibition efficiency of (A).
Thermodynamic cons derationsrevedl that adsorp-
tionof(A)onmild sted surfaceisfeasibleand afor-
mation of acompact activated complex iseminent.
Phys cad adsorption mechanismisproposed for the
adsorption of (A) accordingto classical isotherm
of Frumkin.
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