Available online www.jocpr.com

Journal of Chemical and Phar maceutical Research, 2015, 7(10S):201-206

ISSN : 0975-7384

Research Article CODEN(USA) : JCPRC5

Inhibition of corrosion of aluminium in an aqueous solution at pH 11 by
succinic acid-Zn?* system

P. Satyabama', S. Rajendran®and R. Joseph Rathish®

'University College of Engineering —Dindigul, Dindig Tamilnadu, India
“Corrosion Research Centre, Department of Chemi&WS School of Engineering and Technology, Dindigul
Tamilnadu, India
3PSNA College of Engineering and Technology, Dindiamilnadu, India

ABSTRACT

The inhibition efficiency of succinic acid in cariting corrosion of Aluminium in an aqueous solatiat pH 11, in
the absence and presence of‘Zmas been evaluated by weight loss method. Theufation consisting of 250 ppm
of succinic acid and 50 ppm of Zrhas 95% corrosion inhibition efficiency. A synetigi effect exits between
succinic acid and Zi. The mechanistic aspects of corrosion inhibiti@vérbeen evaluated by polarization study
and AC impedance spectra. In the presence of ihiblinear polarization resistance increases jasion current
decreases; charge transfer resistance value in@gasnpedance value increases and double large atgrae
decreases . The protective film has been analyg&Ed1 and EDAX.
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INTRODUCTION

Aluminium and its alloys are very good corrosiorsiséant materials in neutral aqueous solution, ttu¢he
formation of passive film. It is well known thattfiig corrosion occurs on metals covered with peasgilms.
During pitting corrosion, large parts of the metatface are covered with a protective film andiarthe passive
state, while other small parts of the surface ar¢he active state. Corrosion behaviour of alunmmim various
medium has been studied. Several inhibitors haws hesed to control corrosion of aluminium. To pravihe
corrosion of Aluminium in alkaline medium inhibiteuch an onion extract (1) and hibiscus rosasiegi2gihave
been used. The inhibition effect of some phenylosilacetophenoneazo derivatives (PSAAD) on theasion of
Al in 0.5 M HCI solutions has been studied by ptitetynamic polarization, electrochemical impedance
spectroscopy, and electrochemical frequency madulafThe results obtained showed that the additbrihe
PSAAD inhibits the hydrochloric acid corrosion of. Rotentiodynamic polarization measurements shavatthe
PSAAD act as mixed type inhibitors but predominatedt as cathodic inhibitors. The inhibition eféocy increases
with increasing the PSAAD concentration, but desesawith increasing temperature. A kinetic moded #me
Langmuiradsorption isotherm fit the experimentaladaell. A good correlation was found between theotetical
data and the experimental results.(3) The effedinafazole derivatives on the inhibition of alummucorrosion in
0.5 M HCI has been studied using potentiodynamlanmation, electrochemical impedance spectros¢&p$g) and
electrochemical frequency modulation (EFM) measems The results showed that all imidazole derieatare
good inhibitors. Polarization curves demonstrateat the imidazole derivatives were of mixed-typliliitors. The
adsorption of each inhibitor on aluminum surfaceysbFrumkin adsorption isotherm. Surface morpholstyygies
were done using scanning electron microscopy (SEMgharacterize the film formed on aluminum surface
Quantum chemical calculations show that imidaz@ewatives can adsorb on the aluminum surface girahe
nitrogen atoms as well as-electrons in the imidazole ring.(4) Inhibition perties of sodium metabisulfite
(Na,S;05) on pitting corrosion of 6061aluminum alloy, inx510° M Nacl solution of pH near 7.2 at 298 K, were
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characterized using open circuit potential, pok#ion resistance, cyclic and chrono-amperometri@rzation
measurements. In addition, scanning electron niomgs coupled with energy dispersive spectroscop/ Ximay
photoelectrons were employed. Sodium metabisudfited as a cathodic-type corrosion inhibitor. Thespration
range and the polarization resistance increaset(MaiS,0Os) concentration. The inhibition effects were also
reflected through the substantial reduction of bib#hrate of pit nucleation and the current risgrabterizing the pit
propagation progress. The SEM-EDS and XPS analgsesled the formation of a passive film, which tedms
sulfur atoms.(5) The effects of 0.3wt.% Added to flowing liquid zinc on the augion inhibition and
erosion-corrosion interfacial characteristics Fg-3.5 wt.% B alloy were investigated in ordeséparate the pure
erosion rate from the total erosion-corrosion ratel further study the erosion-corrosion interactiveated by
flowing zinc. The result indicated that the erostmmrosion rate increased slowly and then shatpydafter, while
the corrosion-inhibition rate increased linearhdastowly at a bath temperature of 460-550 °C.(6¢ Trthibition
effect of 3-(12-sodiumsulfonate dodecyloxy) anilmenomeric surfactant (MC12) and its analog polyiely 3-
(dodecyloxy sulfonic acid) aniline (PC12) on tharogion of aluminum in 0.5M Hcl solution was invgstted
using weight loss and potentiodynamic polarizat@chniques. The presence of these two compound$sm Hcl
inhibits the corrosion of aluminum without modifgiithe mechanism of corrosion process. It was fahati these
inhibitors acted as mixed-type inhibitors with aimgredominance as well as the inhibition efficigrincreases
with increasing inhibitor concentration, but deaes with raising temperature. Langmuir and Frunadsorption
isotherms fit well with the experimental data. Thedynamic functions for both dissolution and adsorp
processes were determined. The obtained results ireight loss and potentiodynamic polarization reghes are
in good agreement with contact angle measureméhta.gimple and low-cost method to render 6061 @hum
alloy surface superhydrophobicity and excellentr@sipn inhibition hasbeen developed. The supertpiusbic
aluminum alloy surface has been fabricated by hgldoric acid etching, potassium permanganate passivand
fluoroalkyl-silane modification.(8) Nithya et ahave used an aqueous extract of beetroot to prévemnbrrosion of
aluminium in an aqueous solution at pH 11 .(9) phesent work is undertaken to evaluate the inlsibigfficiency
of succinic acid in controlling corrosion of alurmim immersed in an aqueous solution at pH 11, énaihsence and
presence of Zii using the mass loss method to study the mechanéstpects of corrosion inhibition by
potentiodynamic polarization and AC impedance spect

EXPERIMENTAL SECTION

2.2. Preparation of specimens
Commercial aluminium specimens of dimensions 1400xx 0.2cm, containing 95% pure aluminium wereghad
to mirror finish, degreased with trichloroethyleaed used for the Mass-loss method .

2.3. Weight loss method

Three aluminium specimens were immersed in 100mthefsolution at pH 11 and various concentrationthe
inhibitor in the absence and presence of'Zaor a period of 1 day. The weight of the specirbefore and after
immersion was determined using shimadzu balance 28¥bibition efficiency (IE) was calculated frometh
relationship.

IE = 100 [1-W2/W1)] %
Where W1 and W2 are the corrosion rates in theretesand presence of the inhibitor, respectively.

2.7. Potentiodynamic polarization study

Polarization study was carried out in a CHI eleciiemical work station impedance analyzer model GB/S A
three electrode cell assembly was used. Aluminiwas wsed as working electrode, platinum as coumeetrede
and saturated calomel electrode (SCE) as referelectrode. The corrosion parameters such as lipglarization
Resistance. (LPR), corrosion potential, Ecorr,@sion current, Icorr, and Tafel slopes (ba andimre measured.
2.8. Alternating current impedance spectra

AC impedance spectra were recorded in the sameument used for polarization study, using the saype of
three electrode cell assembly. The real part (A9 anaginary part (Z”) of the cell impedance wereasured in
ohms for various frequencies. The charge trangsistance (Rt) and double layer capacitance (Cales were
calculated.

RESULTSAND DISCUSSION

3.1. Analysis of result of weight loss method

The corrosion rate of aluminium in an aqueous swhuat pH 11 (dil NaOH) in the absence and presesfce
inhibitors obtained by weight loss method are givemable 1. The inhibition efficience are alsogjimMn this table.
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Table1: Corrosion ratesof Aluminium in an aqueous solution at pH 11 (dil NaOH),in the absence and presence of inhibitor system and
theinhibition efficiencies (1 E) obtained from weight loss method
Inhibitor system : succinic acid (SA)and’Zn

Corrosion

succinic acid Zfi system rate Inhibition

ppm ppm mdd efficiency %
0 0 25.64 --

50 0 -11.50 55

100 0 -9.74 62

150 0 -8.20 68

200 0 -7.69 70

250 0 -7.17 72

Table2: Corrosion ratesof Aluminium in an aqueous solution at pH 11 (dil NaOH),in the absence and presence of inhibitor system and
theinhibition efficiencies (IE) obtained from weight loss method
Inhibitor system : succinic acid (SA) and?Zn

succinic acid| Zfisystem| Corrosion rafe Inhibition

ppm ppm mdd efficiency %
0 50 25.64 --

50 50 7.94 69

100 50 6.41 75

150 50 5.64 78

200 50 4.61 82

250 50 3.84 85
0 50 21.79 15

3.2. Influence of Zf on the inhibition efficiency of succinic acid(SA)

The influence of Zf on the IE of SA is given in Table 1. In the prasenf Zrf* ( 50ppm) excellent inhibitive
property is shown by SA. A synergistic effect exibetween SA and Zhfor example , 2mL of SA has 92% IE,
50ppm of ZA* has 13% IE.But their combination has 98%.

3.3. Influence of N-Cetyl N,N,N-trimethylammoniunmZ (50ppm) system.

The influence of CTAB on the inhibition efficienof SA(250ppm)-ZA° (50ppm) system is given in Table 2. It is
interesting to find that the IE of the SA -Zrsystem is not changed by the addition of CTAB. @Tis a biocide .It
can control the corrosion caused by inhibitionaidincy. It is expected that this formulation wikwe excellent
biocidal efficiency also.

3.4. Analysis of polarization curves

The potentiodynamic polarization curves of alummiimmersed in various solutions at pH 11 are showhigl.
The corrosion parameters such as corrosion parssnstieh as corrosion potential.{f, corrosion current {,),
tafel slopes (b b;) and linear polarization (LPR) are given in TaBlgVhen aluminium is immersed in an aqueous
solution at pH 11, the corrosion potential is -649 vs SCE. When the inhibitors are added, (250pp18A0 and
50ppm of ZA") the corrosion potential shifted to anodic sidg&5¢mV vs SCE). Further LPR value increases from
2256 to 302028 and corrosion current decreases #6865 10 A/cm’ to 1.33x 10 A/cn. These results suggest
that a protective film is formed on the metal soefaThis protects the metal from corrosion.

Table 3: Corrosion parametersof Aluminium immersed in an aqueous solution at pH 11 (dil NaOH),in the absence and presence of
inhibitor system obtained from polarization study
Inhibitor system : succinic acid (SA)and®Zn

SA | zrt* | Ecorr | bc | ba LPR | corr
ppm | ppm| mVvsfmv | mv | Ohm Alent
SCE cr
0 0 -1.283] 203 | 107 2256 2.6855x10
250 50 -0.963] 261 | 143| 302028 1.33x10

3.5. Analysis of AC impedance spectra

AC impedance spectra (electrochemical impedancetrsp)ehave been used to confirm the formation otemtive
film on the metal surface . If a protective film fisrmed on the metal surface , charge transfestasie (Rt)
increases and double layer capacitance valye d€creases (10 -17).
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Fig 1: Polarization curves of aluminium immersed in an
aqueous solution at pH 11

The AC impedence spectra of aluminium immersed d@rious solution are shown in figure 3 and 4. The AC
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Fig 2: Polarization curves of Al immersed in an aqueous
solution in presence of SA 250ppm and Zn* 50ppm

impedence spectra such as charge transfer reggtRt); double layer capacitance valug)@erived from Nyquist
and Bode plots are given in Table 4.When aluminisnmmersed in an aqueous solution at pH 11, tlergeh
transfer resistance; i 309 ohm cri, the double layer capacitan€g is 1.618 x 1§ F/cnf . When the formulation

consisting of SA and Zfi' is added , the Rvalue increases and,@alue decreases. This confirms that a protective

film is formed on the metal surface. This decredbescorrosion rate of aluminium and increasesirihéition

efficiency.

Table4:Corrosion parameters of Aluminium immer sed in an aqueous solution at pH 11 (dil NaoH),in the absence and pr esence of
inhibitor system obtained from AC impedance spectra
Inhibiton system :Succinicacid (SA) and*Zn

SA 2+ Rt Cdl Bode plot
Ppm ppm| ohmcmp  F/lcm2 Impedance
log(z/ohm)
0 0 309 1.618x16 2.686
250 50 1185 0.4219xF0 3.182
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Fig 3:AC impedance spectra of aluminium immersed in an aqueous solution at pH 11 (Nyquist plot)
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Fig 4:AC impedance spectra of aluminium immersed in an aqueous solution +SA 250ppm + Zn?* 50ppm at pH 11(Nyquist plot)
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Fig 5:AC impedance spectra of aluminium immersed in an
agueous solution at pH 11 (Bode plot)

Fig 6:AC impedance spectra of Al immersed in an
aqueous solution in presence of SA 250+Zn?" 50ppm

CONCLUSION

The present study lead to the following conclusilmgbition efficiency of succinic acid in contlislg corrosion of
aluminium in distilluted water in the absence amespnce of 71 has been evaluated by AC impedance spectra
reveal that the protective film consists of*Aand succinic acid complex.
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