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ABSTRACT

The effects of Pyridine, Pyrimidine, 2-Picoline,iiqline, 2:6-Lutidine and Isoquinoline on the
corrosion inhibition of 1060 aluminium in 0.1N cemdration of trichloroacetic acid at varying
temperature of 30°C and 4D are investigated by weight loss method in castjon to the

concentration of corroding media, period of immersiof Aluminium alloy grade 1060 at the
temperature 3@ with respect to the concentration of inhibitandaactivation energy and
adsorption isotherms are plotted to elucidate thechanism of adsorption of inhibitor on

surface of alloy in that support corrosion potehténd its trends are observed cathodic in
nature.

Keywords: Aluminium alloy 1060, Tri-chloroacetic Acid, wéigloss, adsorption, 2:6-Lutidine,
Isoquinoline, activation energy

INTRODUCTION

Nitrogen-containing organic compounds, such as asiiand diamine derivatives on the
corrosion for many metals in acidic solutions offod protection of metallic materials [1,2].
The behaviour of some pyridine derivatives towatds inhibition of corrosion has been
investigated for 1060 aluminium alloys in 0.1N Imroacetic acid at 30° and 40° C.

The concentration of trichloroacetic acid was ksggiady. The concentration of inhibitors was
varied from 6 to 15 ppm. Temperatures of the systerere also changed from 30°C to 40°C for
each of the alloys studied. Loss in weight was neé®ed for 24 hours immersion period, to
calculate the inhibition efficiencies of the intuis.
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EXPERIMENTAL SECTION

For weight loss studies, Aluminium alloy couponsrevenechanically polished with different
grade emery papers and degreased with acetonegeavistroughly with conductivity water and
finally dried in air[3]. Coupons were weighed an$gended vertically in aerated unstirred 0.1 N
and 0.5 N Trichloroacetic acid (150 ml) with andtheiut inhibitor for 24 h. Coupons were
removed from solution and cleaned by brushing umdening tap water to remove corrosion
products, dried and reweighed to determine weiggs. |

In each case, triplicate experiments were performaed inhibition efficiency (IE) was
determined as:
IE =100 x (Wo — Wi) /Wo ...(1)

Where Wo and Wi are weight losses in uninhibited anhibited corroding solutions
respectively. Expression;=1-(Wi/Wo) was used to determine degree of surfamesrage ().
Corrosion rate (mg/cm2/h) was also calculated.

Potentiostatic polarization experiments [4] wereied out using a Wenking Potentiostate. The
working electrodes for polarization studies weegfshaped, 2 cmwith a side tag of length 40
mm. Part of the tag was blocked off with paraffiaxMeaving the upper part bare to make
electrical contact. The experiments were carrigdima 200 ml pyrex glass cell containing 100
ml test solution of 0.1 N chloro substituted acetteds, with and without inhibitors at which
maximum efficiency was observed. Platinized platinioil was used as the auxiliary electrode.
Standard calomel electrode with Luggin capillaryswesed for the measurement of electrode
potentials.

RESULTSAND DISCUSSION
Results are summarized in Tables-1 to 3 and Figlites3.

In the Table-1 the effects of the concentratiorpwfidine, pyrimidine, quinoline, isoquinoline,
2:4 lutadine, 2-picoline on corrosion of the alumim alloys at 30° and 40° C and at an exposure
period of 24 hours have been recorded. Starting fmovery low concentration of the inhibitors
(6 ppm) it was increased upto (15 ppm). The datathem Table shows that at all the
concentrations pyridine is the poorest inhibitoroagy all the studied compounds. At the
concentration of 6 ppm, Pyrimidine has a littleeeffon the corrosion of all the investigated
alloys.

As the concentration of the inhibitor was 7.5 tinnesreased the inhibition efficiency increases
by approximately 55 percent. It is seen from thaetahat pyrimidine is more efficient than
pyridine.

Table-1bring out the fact that 2-picoline shows thhkibition efficiency of the order of 21
percent for 1060, at the concentration of 8 ppme €&fficiency of the inhibitors increase with
their concentrations and at 15 ppm concentratibe, dbserved efficiency become about two
times more than that of the pyridine found at thimcentration and maximum protection is
observed. At all concentrations of quinoline pratwas greater than pyridine has been found.
2:4-lutadine has shown an appreciable improvenretite inhibition efficiencies even at lower
concentration[5]. Like other inhibitors of the gmuthis compound also shows the greatest
protection.
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It was found that the inhibition efficiencies oktimhibitors decrease when the temperature was
raised from 30°C to 40°C [Table-1] and the increms¢he temperature does not change the
nature of action discussed above at 30°C. The cdrat®n required for the maximum inhibition
of the compounds, however, remains the same atwhetemperatures [15ppm] for all the
compounds. The extent of inhibition decreases viitbrease in temperature because of
desorption of the inhibitor which exposes greatiafaxe area of the metal to the corrosive
medium.[6] Putilovacompares such type of inhibitors showing pooreribition at higher
temperatures with unstable catalyst poisons therptisn of which fall off appreciably with rise

in temperature and hence a decrease in efficiezsyts|[7,8].

The percentage inhibition of the inhibitors at twncentration of 15 ppm was determined at
different periods of the immersion for all the thr&loys. The corresponding plots for the alloys
exhibiting the variation of the percentage inhduitiwith the immersion period have been shown
in Figures-1.
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Figure-1: Variation of percentage inhibition efficiency with immersion period at 30°C for 1060 Alluminium
alloy

The temperature was kept constant at 30°C. It fisrned from the Figure that pyridine and
pyrimidine show strengthening in the inhibition {EEfencies with the passage of time up to a
period of 48 hours after which the efficiencies agms almost constant. A marked improvement
in the inhibition efficiencies of the other inhibis has also been observed although to a lesser

extent.

It can be seen from the Figures that at an expgsened of 72 hours pyridine and pyrimidine
show an inhibition of the order of 65 and 69 petcim 1060 alloys. The strengthening in
inhibition may be due to increase in extent of agison with the passage of time [9].
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Table-1: Lossin weight (m) and per centage inhibition efficiencies (E) surface coverage (7)) and rate of 1060 alloy in the presence of different concentr ations of the inhibitors at 30°C

and 40°C
Concentration At 30°C At 40°C
ppm we g(r;:]g))ss m Efficiency (E) covsel:g;g(em) Rate mg/mm?hr W?ng(hr':]g))ss Efficiency (E) covsel:g;g(em) Rate mg/mm¥hr
Uninhibited Solution 174 238
Pyridine
6 162.8 6 0.06 0.09 224.75 6 0.06 0.12
8 150.61 13 0.13 0.08 216.7 9 0.09 0.12
10 128.12 26 0.26 0.07 183.45 23 0.23 0.10
15 78.8 55 0.55 0.04 116.05 51 0.51 0.06
Pyrimidine
6 131.96 24 0.24 0.07 191.74 19 0.19 0.10
8 123.85 29 0.29 0.07 173.15 27 0.27 0.09
10 115 34 0.34 0.06 163.22 31 0.31 0.09
15 72.84 58 0.58 0.04 110.1 54 0.54 0.06
2-Picaline
6 158.62 9 0.09 0.09 223.00 6 0.06 0.12
8 137.27 21 0.21 0.08 198.42 17 0.17 0.11
10 99.83 43 0.43 0.05 149.95 37 0.37 0.08
15 5 97 0.97 0.00 29.80 87 0.87 0.02
Quinoline
6 130.28 25 0.25 0.07 184.67 22 0.22 0.10
8 110.2 37 0.37 0.06 152.95 36 0.36 0.08
10 62.53 64 0.64 0.03 100.13 58 0.58 0.05
15 5 97 0.97 0.00 21.07 91 0.91 0.01
2,6 lutidine
6 128.23 26 0.26 0.07 169.98 29 0.29 0.09
8 96.54 45 0.45 0.05 141.35 41 0.41 0.08
10 49.08 72 0.72 0.03 98.76 59 0.59 0.05
15 1.12 99 0.99 0.00 8.23 97 0.97 0.00
Isoquinaline
6 119.2 31 0.31 0.07 168.56 29 0.29 0.09
8 90.12 48 0.48 0.05 146.89 38 0.38 0.08
10 29.67 83 0.83 0.02 62.73 74 0.74 0.03
15 2.94 98 0.98 0.00 18.46 92 0.92 0.01
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In order to confirm whether the inhibitors obey th@sorption isotherm equation or not, the
degree of the surface covered by them (i.e. theepéage inhibition efficiencies) was kept in the
various adsorption isotherms. At any instant atioac of the metal surface is covered by the
inhibitor molecules and the uncovered fractionf(lreacts with acid as it does in the absence of
inhibitor. The surface coverage increases therefzyeasing the percentage inhibition. To
examine the adsorption behaviour of the inhibitbe, data were fitted to the various isotherms.
A plot of log6/(1-6) versus Log C was a straight line supporting tlomotayer adsorption of the
inhibitor. It is clear from the Figures that the@isl are linear with slightly scattered points iwfe
cases. This deviation from the linearity may be tluesome experimental error or slight in
homogeneity of the metal surface.
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Figure-2: Langmuir adsor ption plotsfor 1060 aluminium alloy in presence of inhibitorsat 30°C

—&— | zagquinoline L]
i L At 40°C
15 —&— 2 GB-lutidine
—o—uinoline
1.0 5 —w— 2 -picaoline
—a—F yrimidine
—»—F yridine
0.5
Z 0.0
i
L7
[}
— 084
1.0 4
1.4 4
T T T T T
0.2 0.4 0.6 0.2 1.0 1.2

Laog © Cmaliat)
Figure-3: Langmuir adsor ption plotsfor 1060 aluminium alloy in presence of inhibitors at 40°C
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Table-2: Percentageinhibition efficiency (E), Energy of activation (E.), Heat of adsor ption (-Q.qs), and Free

energy (AG) for 1060 Aluminium in 0.1N Trichloroaceetic acid

Temperature range 30 - 40C

Immersion period: 24 Hrs

ng(‘gﬁg;ﬁ;i Efficiency (E) Ea Qads Free Energy
i) KJ/mole Kj/mole K J/mol
30°C 40°c 30°C 40°c
Uninhibited 25.17
Pyridine
6 6 6 27.27 -6.13 -9.91 -9.83
8 13 30.55 -18.15 -11.23 -10.41
10 26 23 30.08 -7.38 -12.78 -12.71
15 55 51 32.13 -5.54 -14.82 -14.94
Pyrimidine
6 24 19 29.38 -11.03 -13.80 -13.53
8 29 27 26.26 -3.10 -13.68 -13.93
10 34 31 27.44 -4.49 -13.71 -13.87
15 58 54 32.31 -7.09 -15.20 -15.24
2-Picoline
6 9 6 26.98 -14.51 -11.18 -10.60
8 21 17 29.14 -11.66 -13.01 -12.68
10 43 37 32.08 -9.34 -15.03 -14.91
15 97 87 140.53 -62.57 -23.62 -20.30
Quinoline
6 25 22 27.56 -5.96 -15.13 -15.24
8 37 36 25.80 -1.60 -15.78 -16.20
10 64 58 37.04 -10.25 -18.05 -17.98
15 97 91 113.52 -47.18 -24.44 -22.16
2,6 lutidine
6 26 29 21.22 4.54 -14.82 -15.61
8 45 41 29.09 -6.35 -16.14 -16.25
10 72 59 54.19 -23.44 -18.48 -17.55
15 99 97 155.98 -67.87 -27.80 -24.27
Isoquinaline
6 31 29 28.28 -4.35 -15.93 -16.17
8 48 38 39.52 -16.11 -16.98 -16.48
10 83 74 59.84 -22.01 -20.58 -19.82
15 98 92 145.50 -63.01 -25.81 -22.53

It is further seen from Figures that in almostdlithe corrosion inhibitors except pyrimidine
showing linearity. The observed slopes have beand@qual to unit in any case, as is expected
by Langmuir in his adsorption isotherm equatione Thason for the departure from the ideal
behaviour may be explained in terms of interacbhetween the adsorbed inhibitor species on the
metallic surface. There was a possibility that litior molecules adsorbed at different sites
(anodic and cathodic) may interact. There was alsather possibility of interaction between
already adsorbed molecules and those being adsorhexl to these interactions, the heat of
adsorption of the inhibitors was affected. Howeuaangmuir in the derivation of adsorption
equation did not consider this interaction factbrseems that the difference in the heat of
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adsorption due to these interactions was a causedefgation from the ideal behaviour of the
isotherm. [10,11].

From the Table-2 the values of Ea and Gads arengive

Activation energy, E (KJ/mol) at 303K and 313K for all concentration ihibitor was
calculated using Arrhenius equation

k =A e EaRT i (@

where k is specific first order rate constant)(r is Arrhenius frequency factoR is universal
gas constant (8.314 J/mol/K) amdis temperature in K. Taking natural logarithm af. E2) and
after rearrangement gives

Ea = [19.14 TyT, (log kay3 — log kapz ] /1000 (T, — T,)  ...(3)

T, represents 313 K whil&; represents 303 K with the corresponding rate cotskaz;sand
lQ’>O3.

The values of activation energy were found higheinhibited system over the uninhibited
system. Lower activation energy means a fast m@aend high activation energy means a slow
reaction. High activation energy corresponds toeaction rate that is very sensitive to
temperature. Conversely small activation energycatds a reaction rate that varies only slightly
with temperature. If a reaction has zero activadénargy its rate is independent of temperature

From the value of @ given in Table-2, it is assumed the inhibitor is@tbed on the metal
surface in the form of monolayer film, coveringaaty instant fractiod, of the metal surface in a
uniform random manner, than the heat of adsorp@igrof the inhibitor can be calculated with
the help of the equation[3]:

T, xT. Wo-Wi Wo—-Wi
=2.303x (=——2)(Lo -Lo
Qa (Tz_Tl )(Log i g W

Yorioeiens (8)

Where,
W, = weight losses in uninhibited acid and Wi = weilgisses in inhibited acid solutions by the
inhibitor at Kelvin temperaturek; and T, respectively.

The values of the free energy less than -40 KJ/mol (-9.56 Kcal/mol) indicatedttthe tested
inhibitors were physically adsorbed on the metafase.[8,10] The low and negative value of
AG indicates the spontaneous adsorption of inhiltothe surface of alloy.[12-14] It was also
found that values of activation energy of the intedb systems were lower than that of
uninhibited system. Putilova[7] has indicated ttias type of inhibitor is effective at higher
temperatures. The values of adsorpt@sf were calculated from the equation:
Wo - Wi

Wi
Where, R = Constant (1.987), T= Temperature in ikelv
C= Concentration of inhibitor in mole/L

AG, =2303XRXT (LogC — Log — 1.75 ---- (5)

inh
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Steady state corrosion potential

Steady state corrosion potential exhibited by thkibiting compounds at their optimum
concentrations at 30°C has been summarized in Fakitevas interesting to note that corrosion
potential of the inhibitors move towards activeediion with respect to uninhibited electrodes
reaction, as the effectiveness of the inhibitorzraases. It was clear from the Table that on
addition of pyridine compounds, potential slightlyanges.

On addition of 2-picoline corrosion potential skifitill more towards the active direction. Order
of shifts of the active direction was found greaitessoquinoline followed by 2:4 lutidiene.

The shifts of corrosion potentials in the activeediion indicate that inhibitors were cathodic in
nature [15, 16, 17].

Table-3: Steady state corrosion potential (E.) of different alloysin the presence of 15 ppm of theinhibitors

at 30°C
Steady state corrosion potential (mV)
Inhibitors
1060
Uninhibited solution -0.510
Pyridine -0.520
Pyrimidine -0.525
2-Picoline -0.530
Quinoline -0.550
2:6-Lutidine -0.555
Isoquinoline -0.570
CONCLUSION

It is observed that pyridine and pyrimidine showomes performance than other inhibitors.
Maximum inhibition efficiency has been recordedl&tml/I concentration of inhibitors. There
were found a direct relation between inhibitioni@éincy and concentration of inhibitors.
Inhibitors are also observed cathodic in nature.
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