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ABSTRACT

Theinhibition of the corrosion of aluminium in HCI solution by 2-Benzoyl
pyridine has been studied using weight loss and gasometric techniques.
The inhibition efficiency was found to increase with increasing inhibitor
concentration and decreasing temperature. A first order reaction kinetics me
has been deduced from the kinetic treatment of the weight loss results.
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INTRODUCTION

Aluminiumanditsalloysarevery attractive materi-
a sfor engineering applications because of their light-
weight and mechanicd strengthi¥). Aluminium, beingan
industrialy important metal, issubject to corrosionin
sarviceby various corrosive agents, of which theague-
ous acids are the most dangerous. The corrosion of
auminiumanditsaloysin HCI solutionshasbeen ex-
tensvely studied@. Compoundscontaining nitrogen and
sul phur have been proved to bevery effectiveininhib-
iting the corrosion of meta by adsorption onthe meta
surfacethrough these atoms’ lone pair el ectrong®. A
number of organic compounds have been introduced
asduminiumcorrosoninhibitorsinacidicanddkaline
media. Amines, amides, quinolines, thiourea,
semi carbazide and thiosemi carbazone and itsderiva
tives have been reported as effectiveinhibitorsfor au-
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miniumaloysinacid solutiong®.

Thiswork isaimed to investigate the inhibitory
effect of 2-Benzoyl pyridine(2BP) on corrosionof au-
minium in 2M HCI solution using weight loss and
gasometric techniques.

EXPERIMENTAL

Material preparation

Aluminium (3SR) sheetsused in the present work
were supplied by First Aluminium Plc, Port Harcourt,
Nigeria. The Chemical composition and preparation
of thea uminium couponsaredescribedindetail inour
previousreport(,

Theinhibitorsused and all other reagentswere of
Analar gradeand doubly distilled water was used for
thepreparation of al solutions.
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Inhibitor concentrations of 1.0x10%, 1.0x10°, 1.0
x10%, 1.0x10% and 1.0x102M were prepared in 2M
HCI solutions. Theprepared inhibitor solutionswere
used for all measurements.

Weight lossdeter mination

Aluminium coupons of 5.0cm by 2.0cm and
0.053cm thicknesswereused for weight loss measure-
ments. Thetota geometric surfaceareaof coupon ex-
posed is 20cm?. The couponswere suspended through
aholeof Imm diameter. Fivedifferent concentrations
of 2-Benzoyl pyridine 1.0x10°M, 1.0x10°M,
1.0x10“M, 1.0x10°M, 1.0x10°M and 2M HCI so-
[ution without inhibitor were maintained at 303, 313,
and 323K. Theweight lossof thea uminium coupons
was determined as previoudy described in our report.
The percentageinhibitor efficiency wasca culated as;

Wg — W,
Per centageefficiency | =%x 100 @

B
whereW, and W, arethe weight |oss of al uminium specimens
without and with inhibitor, respectively.

Hydr ogen evolution measurements

The procedurefor the measurement of hydrogen
gasevolutionviagasometric assembly areasprevioudy
described elsewhere® .

The percentage efficiency was caculated as:

Ve = Vin . 100% 2
\

whereV_andV, arethevolumesof hydrogen evolved
without and withinhibitor respectively.

% Efficiency =

RESULTSAND DISCUSSION

It can be seen from figure 1 that aluminium cor-
rodesin different concentration of HCI solutions be-
causethereisadecreasein origind weight of duminium
coupon. Theanode dissolution reactionin HCI solu-
tionsisafollows
Al—> Al #*+3e

Theplot of weight lossversustimeasdepicted in
thefigure 1 showsanincreaseinthewe ght lossof alu-
minium as corrodent concentration increasesat 303K.
The presence of water, air and hydrogenions(H*) ac-
celeratetherate of metal dissolutioninan acidic me-
dium.
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Figure 1: Variation of weight loss (grams) of aluminum
with time(mins) for different concentrationsof HCI solu-
tion at 303K
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Figure 2: Variation of corrosion rate (gcm2day) with
corrodent concentration for aluminium couponsin 2M HCI
solutionsat different temper atur eswithout inhibitor

TABLE 1: Inhibition efficiency (%) for theinhibition of alu-
minium corrosion in 2M HCI solutionsby 2-Benzoy! pyri-
dineat different temper atur esfrom weight lossmeasur ements

Inhibitor efficiency (%)

Inhibitor concentration (M)

303K 313K 323K
1.0x10° 6251 4094 31.60
1.0x10° 67.14 5234 4822
1.0x10™ 69.32 5592 5001
1.0x10° 7681 6573 58.66
1.0x107 8332 7024 6272

It was observed that the corrosion rate(gcnmr2day
1 of duminium increaseswith increasing temperature
asseeninfigure2. Theincreasein the corrosion rate of
auminiumwithincreaseintemperature may beattrib-
uted toincreasein diffusion velocity and ionization of
reacting speciesin the corrosion processastempera-
tureincreases.

TABLE 1 depictstheeffect of increasing concen-
tration of 2BPonthe % inhibition efficiency. At 303K,
the highest %inhibition efficiency 1s83.32% at concen-
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Figure3: Variation of weight loss(g) with time (mins) for
aluminium couponsin 2.0M HCI solution containing dif-
ferent concentrationsof 2-Benzoyl pyridineat 303K

=

s w—mes ———mes e e ——a]

Volume(ml)
S,

' ."/ {"f :ﬁﬁfr""
al - e

Time(min)
Figure4: Variation of volumeof hydrogen gasevolved with
time (minutes) for theinhibition of aluminiumin2M HCI
solution by 2-Benzoyl Pyridineat 303K
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Figure5: Variation of inhibition efficiency with inhibitor
concentration(M) for aluminium couponsin 2.0M HCI
solutionscontaining 2-Benzoyl Pyridineat different tem-
peratures

TABLE 2: Percentageinhibitor efficiency for aluminiumin
2M HCI containing 2-Benzoyl Pyridineat 303K from hydro-
gen evolution measur ements

Inhibitor concentration (M)

Inhibitor efficiency (%)

1.0x10-6 60.57
1.0x10-5 65.14
1.0x10-4 67.54
1.0x10-3 74.29
1.0x10-2 81.05
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Figure®6: Variation of log(wi-AW) with time(mins) for dis-
solution of aluminium couponsin 2.0M HCI solution con-
taining different concentration of 2-Benzoyl Pyridineat
303K

tration of 1.0 X 102M and theleast, 62.51% at con-
centration of 1.0x10°M. Thusincreasein 2BP con-
centrationsincreasethe percentageinhibition efficiency
at adl temperaturesstudied.

The 2-Benzoyl Pyridine used asinhibitor actualy
inhibitstheacid corroson of duminiumto aremarkable
extent in 2M HCI solutionssincetheweight lossre-
ducesinthe presence of theinhibitor as presentedin
figure3.

Thereisagenerd decreaseinthevolumeof hydro-
gen gas evolved with time as 2BP concentration in-
creased from 1.0x10°M to 1.0x102M(figure4). The
maximum volumeof hydrogen gasevol ution wasob-
served with the uninhibited 2M HCI solution showing
that 2BPactudly inhibitsthe corrosion of duminiumin
2M HCI acid solution.

The percentageinhibitor efficiency(%o) of thea u-
minium couponsin 2M HCI solution obtained from hy-
drogen gasevolution weredetermined inthe presence
of different concentrationsof 2BPat 303K. Theinhibi-
tor efficiency increased with increasi ng concentration
of 2BP(TABLE 2). Thisresult agreeswell with what
was obtained in welght |oss measurementsfor 2M HCl
with 2BPasinhibitor.

Increaseintemperature was observed tolower the
inhibition efficiency of 2BPasshowninfigure5. This
makes ussuspect aphys ca adsorption mechanismfor
the adsorption of 2BP onthemeta surface.

Kinetic analysisof theweight lossresults

Whenlog(wi-AW) was plotted against time(mins.)
asshowninfigure6 at temperature of 303K, alinear
variationisobserved which confirmsafirst order reac-
tion kineticswith respect to a uminium corrosion with
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TABLE 3: Kineticdatafor aluminiumin 2M HCI containing
2-Benzoyl Pyridinefromweight lossmeasur ement

COLZE:}?EEO” Rateconstant, K Half-Life ty. Activation erzergy
™) (day™*)x10* (days)x10° kJ mol

303K-  313K-

303K 313K 323K 303K 313K 323K 313K 323K

1.0x10° 262 508 842 265 136 082 5226 4261

1.0x10° 230 4.04 653 301 1.72 1.06 44.13 40.56

1.0x10* 203 358 587 341 194 118 4458 4159

1.0x10° 162 278 447 428 213 115 5506 39.93

1.0x10 108 260 419 642 267 165 69.37 40.04

QLC

Figure7: Thestructureof 2-Benzoyl pyridine[2BP]

and without inhibitor. This observation wasin agree-
ment with earlier reportl®®9 onthekinetics of acid cor-
rosion of aluminium. Therate constantswere cal cu-
lated from first order rate equation as.

K=21inW
t Wi

3
w, = Initial weight of the coupon, w, =Final Weight andt=time
in minutes.

Thehalf-lifetime, t'/, fromthefirst order haf-life

equationisgivenas.

tH, = ra 4)
Therate constantsand the half-lifetime, t'/, of the cor-
rosion of duminiumin 2.0M HCI without inhibitor at
different temperature, arelistedin TABLE 3.

The apparent activation energy between 313 and
323K of the metal-corrodent system with and without
inhibitor was obtained from theintegrated form of the
Arrhenuouseguationas:

Q _ Ea T2 - Tl
Log 1 2.303R [ T, } ®)

Thekinetic dataobtained in the presence of 2BP
fromweight lossmeasurementsispresentedin TABLE
3.

Theratecongantsgeneraly decreasewithincreased
inhibitor concentration at aparticular temperature but
increased asthetemperatureincreases. Also asthein-
hibitor concentration increases, the percentageinhibi-
tor efficienciesand the half-lifetime, t , increasesfor
2BP at aparticular temperature but decreases asthe

temperatureincreases.

Theincreaseinthehdf-life, t,, whentheinhibitoris
present asseenin TABLE 3 showsthat 2-Benzoyl Py-
ridineinhibitsthe corrosion of duminiumin2M HCI
solutionsbut asthetemperatureincreases, thehdf-life,
t,, decreases confirming that 2-Benzoyl Pyridinein-
hibitsbest at lower temperatures. Similar trendinki-
netic datahas been reported by severa investigatorg®”
and indicatesthat agood inhibitor isonethat isableto
increasethetime of conversion of metasto corrosion
products.

Thevalues of apparent activation energy obtained
inthe presence of theinhibitor are between 39.93 and
69.37KJmol . Thesevauresaresignificantly greater
than that obtained in the uninhibited HCI solution;
27.17KJmol 2. The high value of apparent activation
energy suggeststhat the corrosion of auminiumoccurs
at theuncovered part of the metal surface™.

2-Benzoyl Pyridineisagood inhibitor becauseit
containsnitrogen and oxygen, which aredectronrich
and can donate el ectronsinto the empty orbitalsof the
metal ionformingacomplex.

CONCLUSION

Thefollowing concluding statements can be made
concerning theinhibition of duminiumcorrosonin HCI
solutionwith 2BP.

o Kinetictreatment of theresultsof the corrosion of
auminiuminHCI inbothinhibited and uninhibited
reactionsconfirmafirst order kineticsreaction.

e 2-Benzoyl Pyridineinhibited thecorrosion of alu-
minium probably through physical adsorption
mechanism ontoduminiumsurface.

e Thepercentageefficiency increaseswithincreasing
inhibitor concentration and decreasing temperature.
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