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ABSTRACT

Corrosion is a deterioration process where in the metals and alloys lose
their integrity, functionality and appearance. Cetylpyridiniumbromide an
organic compound has been used to study the corrosion rate and corrosion
inhibition efficiency for mild steel in 1 M sulphuric acid medium by weight
lossmethod. Experimentswere carried out at 303K, 313K, 323K temperature
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by varying concentration of cetylpyridiniumbromide 0.05, 0.15, 0.25, 0.35%
for 5 hours. The result showsthat the corrosion inhibition efficiency of the
compound increases with increasing concentration and declines at higher
temperature. To evaluate rate constant and half life period experiments
were conducted at differentimmersiontime of 10, 15, 20, 25 hoursfor varying
concentration of cetylpyridiniumbromide. The reaction between mild still

and sulphuric acid followsfirst order rate kinetics.
© 2012 Trade ScienceInc. - INDIA

INTRODUCTION

Iron anditsaloysare used in many engineering ap-
plicationsinvariousenvironments. Corrosonisapro-
cessby which materials, especialy metals, areworn
away by eectrochemica and chemica actions Theeco-
nomiclossdueto corrosionisvery highandremainsa
magjor concern toindustriesaround theworld, so the
incentivetoinhibit corrosionisenormous®. Thoughthe
serious consequences of corrosion can be controlled
to agreat extent by selection of highly corrosonress-
tant materials, the cost factor associated with the same,
favorstheuse of cheap metallic materialsalong with
efficient corros on prevention methodsin many indus-
trid gpplications. Inthisaspect, corrasoninhibitorshave
amplesignificanceasindividual inhibitorsor asacom-

ponent in chemica formulations Acid solutions, widdy
usedinindudtrid acid cleaning, acid descading, acid pick-
ling, and oil well acidizing, requiretheuseof corrosion
inhibitor in order to restrict corros on attack on metalic
materials. Large number of corrosioninhibitors have
been developed and used for application to various
systemsdepending on the medium treated, thetype of
surfacethat issusceptibleto corrosion, thetype of cor-
rosion encountered and the conditions to which the
mediumisexposed?. They act by forming aprotective
oxidefilm onthesurface of themeta causingalarge
anodic shift of thecorrosion potential or by selectively
preci pitating on cathodic areasto limit thediffusion of
reducing speciesto the surface. Varioustypesof inhibi-
torshavebeenused ascorrogoninhibitorsfor mild sted
corrosionin acidic medium®. Most commercia acid
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inhibitorsare organi c compounds contai ning heteroat-
omssuch asnitrogen, oxygen, sul phur, phosphorous,
by which theinhibitor molecules areadsorbed onthe
metd surfacein acidic media, thusresulting adsorption
film actsasabarrier separating the metal from the cor-
rosvemedium and blockstheactivesites*?. High eec-
tron density of heteroatomsin these compoundshelps
theorganic moleculesto get chemisorbed ontothemetd
surface’?. Various cationic surfactants can dso bein-
vestigated ascorrosioninhibitor*, Thecorrosioninhi-
bition by surfactant moleculeisrelated to surfactants
ability to aggregate at interface, in solution and their
effectivenessdependsupontheir miceller propertiesin
particular medium. Most of theearlier sudieshavebeen
related tothe generd performanceand theinhibition of
mildsted corrosioninorganic acid®®. Thepresent work
focusesontheeffect of cetylpyridinumbromideonthe
corrosion behavior of mild steel in 1 M sulphuric acid
medium at varioustemperatures studied by weight loss
measurement.

EXPERIMENTAL

Coldrolled mild stedl strips purchased fromlocal
market werecut into piecesof 5cm x 3 cm. Test speci-
menswere prepared by polishing themetal stripsby
emery paper then they werepickledin pickling solution
(5% H,PO,) for 3 minutes and then washed with dis-
tilled water followed by polishing with emery papers
and degreased using ethanol.

All thetest solutionswere prepared by usingAR
gradechemicalsindistilled water. 1 M test solution of
sulphuric acidwasprepared indistilled water. Thecor-
rosion inhibitor solution of 0.05 %
cetyl pyridinumbromidewas prepared by dissolving 0.1
gm of Cetylpyridiniumbromidein 200 ml of test solu-
tionand similarly by dissolving0.3gm, 0.5gm, 0.7gm
of Cetylpyridiniumbromide0.15%, 0.25%, 0.35% test
solutionswere prepared respectively.

For theevaluation of corrosion rateand corrosion
inhibition efficiency of Cetyl pyridiniumbromideexperi-
mentswerecarried out for 5 hrs. Initial weight of test
specimenswerenoted and then immersed in test solu-
tions containing various concentrations of
Cetylpyridiniumbromide at temperature 303K, 313K
and 323K. The specimens were removed from test
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solutionsand pickled in pickling (5% H,PO,) solution,
dried and final weight isrecorded. Thedifferencesin
weightswere noted and the corrosion rateswere cal -
culated by using following equation (1)

87.6x W

DxAxT 1)
Where, W, D, Aand T areweight lose (inmg), density
of mild stedl (7.86 g/cc), areaof the specimenin cm?
and exposuretimein hoursrespectively. Smilarly, Inhi-
bition efficiency was cal culated using theequation (2)

Wo - Wi

CR=

Ne x 100 )

Where, Wo and Wi arethevduesof theweight loss (in
gm) of mild steel specimen intheabsenceand presence
of inhibitor respectively. Thevauesof corrosion rate
andinhibition efficiency in absenceand presenceof dif-
ference concentration of inhibitor usedin 1 M sulphuric
acid solution at 303, 313 and 323K for 5 hweregiven
inTABLE 1(a) and (b).

TABLE 1(a) : Corrosion rate(mm/y) in absenceand presence
of cetylpyridiniumbromidein 1M sulphuricacid solution at
different temperature.

Conc. of Corrosion rate (mm/year)
inhibitor % 303K 313K 323K
Blank 195.493 388.647 609.340
0.05 9.093 25.330 44.294
0.15 7.144 20.783 35.461
0.25 4.546 12.730 22.212
0.35 3.637 9.742 17.276

TABLE 1(b) : Corrosion efficiency in presence of
cetylpyridiniumbromidein 1M sulphuric acid solution at
different temperature.

Conc. of Corrosion Efficiency %
inhibitor % 303K 313K 323K
Blank - - -
0.05 95.35 93.48 92.73
0.15 96.35 94.65 94.18
0.25 97.67 96.72 96.35
0.35 98.14 97.49 97.16

To study therate of reaction, various experiments
were conducted at differentimmersion timeof 10, 15,
20 and 25 hrs for 0.05, 0.15, 0.25 and 0.35 %
cetyl pyridiniumbromiderespectively. Weight lossmea:
surement of specimensfor differentimmersiontimeat
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varying Cetyl pyridiniumbromideconcentrationsarere-
cordedinTABLE 2.
TABLE 2 : Weight loss measurement of mild still for

different immersion timeat varying CPB concentr ationsat
303K.

Concentration of cetylpyridiniumbromide

Time
0.05% 0.15% 0.25% 0.35%
Weight lossin gms

5 0.07 0.055 0.035 0.028
10 0.125 0.068 0.055 0.033
15 0.193 0.102 0.073 0.043
20 0.248 0.123 0.098 0.062
25 0.339 0.148 0.133 0.109

RESULT AND DISCUSSION

The corrosion performance of mild still in 1M
sulphuricacid mediumand corrosoninhibition efficiency
of cetylpyridiniumbromide (CPB) at 303K, 313K,
323K wasanayzed by weight lossmethod isshownin
figure1& 2 respectively.
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Figure 1 : Corrosion performance of mild still in 1M
sulphuricacid medium at different temperature.
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Figure2: Corrosion efficiency of mild still in 1M sulphuric
acid medium at different temperature.
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It has been observed from figure 1 that at higher
concentration of cetylpyridiniumbromide, corrosionrate
declines whereas it increases at higher temperature
(313K and 323K). Thecorrosioninhibition efficiency
of cetylpyridiniumbromideincreaseswithincreasing
concentration of cetylpyridiniumbromide. If corroson
inhibition efficiency of 0.05% & 0.35%
cetylpyridiniumbromidetest solutioniscompared at
303K and 323K, which implies that the addition of
cetyl pyridiniumbromideat increasing concentrationin
1M sulphuricacid inhibitscorrosion rate of mild steel
a thesametimeit reducesat higher temperature.

Kinetic studies

Theplotof log(M,/M ) versesimmersiontimefor
variousconcentrationsof cetylpyridiniumbromiderep-
resent straight lineindicating that the reaction between
mild still and sulphuric acidisof first order, where M
and M areweight of specimenatinitial andattime ‘t’
respectively. Thevaluesof rate constant and half life
period for thereaction are calculated by using first or-
der ratelaw and summarized in TABLE 3. Thevaues
of rate constant at higher concentration of
cetylpyridiniumbromidearefarly constant. Half life pe-
riod at different immersion timewerefound to be con-
stant for respective cetyl pyridiniumbromide concentra-
tion test solutions. Constant val ues of rate constant and
haf life period emphasi sthat thereaction between mild
still and sulphuric acid in presence of
cetyl pyridiniumbromidefollowsfirst order reaction.
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Figure3: Theplot of log (M, /M) ver sesimmer sion time for
various concentrations of cetylpyridiniumbromide at
temperature303K.
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TABLE 3: Ratecongtant (k) and half life period for corrosion
reaction of mild still and sulphuric acid at different
immersion timein presence of different concentration of
cetylpyridiniumbromide (CPB) inhibitor at 303K

Conc. Of Rate Constant, Half life period,
CPB, % k (x 10% h' tip, h
0.05 0.162 17696.97
0.15 0.060 47804.41
0.25 0.059 48691.3
0.35 0.046 62621.15
CONCLUSION

The cetyl pyridinumbromide exhibitsgood corro-
sioninhibition characterigticsin sul phuric acid medium.
The presenceof N atom and unsaturation causing ef-
fective adsorption on mild still surfaceand formsthe
protectivefilmwhichincreasestheres stanceto mass
transfer of acid moleculeto mild still surface. Dueto
increasein theresistanceto the masstransfer, the diffu-
sion rate of acid molecule through film of
Cetyl pyridiniumbromidedeclinesand consequently rate
of corrosion reaction decreases. Asthe concentration
of Cetylpyridiniumbromidein acid solutionincreases,
thefilm thicknessa soincreaseswhich considerably re-
duces rate of mass transfer and the rate of reaction.
This can aso be confirmed from therate constant val-
uespresented in TABLE 3.

Thecorrosioninhibition efficiency increaseswith
increasing concentration of Cetyl pyridiniumbromide. It
has been observed that the percentageincreasein effi-
ciency at lower concentration of Cetylpyridi-
niumbromide (0.05 & 0.15%) isconsiderably higher
than that of at higher concentration of CPB (0.25 &
0.35%).

First order types of reaction were observed for al
concentration of Cetyl pyridiniumbromidesolutions. The
experimentsat higher temperature showsdecreasein
corrodoninhibitionefidency of Cetylpyridiniumbromide
which suggest that the rate of reaction at higher tem-
peratureincreases considerably. From thisinvestige-
tionitisconcluded that the Cetyl pyridiniumbromidecan
beeffectively used to control the corrosion of mild till
in 1M sulphuric acid solution.
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