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ABSTRACT

The inhibition effect of some dyes like methyl redochrome black-T, congo red and alizarin red-§ the
corrosion of 60/40 brass in nitric acid solutionshbeen studied by using weight-loss and galvariogtatarization
technique. The corrosion rate was calculated inphesence and absence of the various dyes. Tlégeaffy of the
inhibitors was increases with increase in the intoib concentration and decreases with increaseeofiierature.
The activation energy was obtained through weightlexperiment at different temperature. For a# thhibitors
the heat of adsorption () and the free energy of adsorptiod@®,) obtained were negative. The plot of
log(d1-6) versus log C results in a straight line, whialggest that the inhibitors function through Langmui
adsorption isotherm. The polarization results stibat the inhibitors are of mixed type inhibitor.
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INTRODUCTION

Copper and copper based alloys like varieties asdrs are of paramount interest in the industpipliations due
to their characteristic properties and especially t their higher electrical and heat conductivitough, the cost
of brasses are higher than steel, brasses findlexcapplications for heat transfer in reactiorssas, cooling
towers, condensers and heaters unfortunately brassiore susceptible to corrosion due to the sededissolution
behaviour of 60/40 brass in acid environment. Duedrious industrial applications and economic ingace of
brass, its protection against corrosion attractegthmattention. One of the most important methodsarrosion
protections is to use inhibitors. Due to restrigtimhibitor lows, inorganic corrosion inhibitorscéuas chromate and
nitrates are replaced by organic compounds [1-3nedBally both aliphatic and aromatic organic molesu
containing oxygen, nitrogen, sulphur atoms are wsedorrosion inhibitors [4-7]. In the present istigation an
attempt has been made to study the influence gingiconcentration of various dyes on the corrosate of 60/40
brass in different concentration of nitric acid.

MATERIALSAND METHODS

To study the effect of some dyes on corrosion ag$iin nitric acid, methods such as weight-losspoidrization
have been used.

The test specimens of the size 5.5x2056 cmx 0.2 cm having a small hole of about 3 mm diamptst near the
one end of the specimen, were completely immerse@00 ml of the corrosive electrolyte for the coetpl
immersion test. Only one specimen was suspendadoiyrex beaker of 250 ml capacity. The test spetsnmeere
polished by buffing, clean with distilled water seal times degreased by acetone and dried by ieir. dthen each
specimen was suspended to the same depth using giass hook. The concentrations of nitric acidlsd were
0.1, 1.0, 1.5 and 2.0 N, and the concentrationthefdifferent inhibitors are 0.1, 0.5, 1.0, 1.5 &@d mM. The
weight-loss experiment were carried out at tempeeaB02+ 1 k for 24 hours. To study the effect of tempematu
the test specimens were immersed in 1.0 N nitrid at temperature 303, 313 and 323 k for 3 houith and

216
www.scholarsresearchlibrary.com



M. B. Mahida et al Der Pharma Chemica, 2013, 5 (2):216-223

without the various dyes as inhibitor. The corressolution was prepared in double distilled watlt. the
chemicals used were of A. R. grade. At the endhefitnmersion period specimens were removed cayeftitaned
and after drying weighted. From the weight-loss smeament data, corrosion rate in mdd, inhibitioficefncy
(IE%), activation energy (E heat of adsorption (§) and free energy of adsorptiohG,q) were calculated.

Using galvanostatic polarization technique anodid eathodic polarization was carried out. Test gpens having

an area of 1 cfrwere immersed in 200 ml 0.1 N nitric acid solutiorpresence and absence of 2.0 mM of various
dyes. The brass test specimens act as the worléngade and platinum as auxiliary electrode. Equedements of
constant current were applied by regulated DC paupply. The steady values were used in anodiccatttbdic
polarization curves to obtained Tafel slopes. Thiersect point of anodic and cathodic Tafel lindégeg the
corrosion current () and the corrosion potential {B)[8]. From the polarization data, inhibition effieicy and
Tafel slopefi; andp,were calculated.

RESULTSAND DISCUSSION

To study the influence of varying concentrationvafious dyes on the corrosion rate of 60/40 brasdifferent
concentration of nitric acid, weight-loss were deti@ed in 1.0, 1.5 and 2.0 N nitric acid with ané@heut the
various concentration of inhibitor at temperatud@ 8 1 k for exposure period of 24 hours.

Inhibition efficiency (IE%) in percentage has beafculated as follow.

Wu-wi

Where, W is the weight loss of the metal in uninhibited aw\{,is the weight loss of metal in inhibited acid.

The corrosion rate of brass has been increased3®&8x 10° mdd to 74.4210° mdd in 1.0 N to 2.0 N plain nitric
acid solutions respectively. The value of corrosiate (mdd) and inhibition efficiency (IE%) for thiyes were
calculated and reported in table-1. The resultstbavfor all the concentration of the acid, theaentration of the
inhibitor is increases the weight loss due to csio decreases. The order of efficiency of theowaridyes at 2.0
mM concentration is as follow:

(@) In 1.0 N HNG :

Congo red (97.11%) > Eriochrom black-T (80.86%)lizdin red-S (78.35%) > Methyl red (73.53%)
(b)In 1.5 N HNG:

Alizarin red-S (61.37%) > Eriochrome black-T (5882> Methyl red (57.51%) > Congo red (57.49%)
(c)In 2.0 N HNQ:

Alizarin red-S (55.04%) > Eriochrome black-T (532p> Congo red (51.39%) > Methyl red (49.57%)

The value of surface coverag@’ ‘(6=W, — W; /W;) were calculated directly from the percentage bitiun
efficiency of the compounds by weight-loss methdde plot of log8/1-8 versus log C have been illustrated in
figure-1 have shown linearity in case of all theslgtudied, which indicates the Langmuir adsorgsotherm [9].

To study the effect of temperature on the corrosate, the specimens were immersed in 200 ml oNInitric acid
solution with and without different concentratioihvarious dyes at temperature 303, 313 and 323 & fweriod of 3
hours.

Energy of activation (§ has been calculated from the slop of fogersus 1/T § = corrosion rate, T= absolute
temperature) and also with the help of Arrheniogisagion [9].

log? = e (1) @

. 2303R\Ty Ty

Where,p; andp,are the corrosion rate at temperaturarid T, respectively.
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lable 1: yweight Loss Data for Corrosion of 60/ 40 Brass in Nitric Acid
Solution : Effect of Various Dyes.

Surface area of specimen : 30,70 cm° Temperature: 302 £ 1 k
immersion period @ 24 hrs
Arid concentration : 1.0 N 1.5 M 2.0N
Inhibitor and its Corrosion Imhibition Corrosion Inhibition Corrosion Inhibition
concentration in mM rate Efficiency rate Efficiency rate Efficiency
[ mdd) (IE%@) [(mdd) [(IE%R) {mdd) [(IE%R)
(1x10%) {1=10%) {1xa0%)
Blank 32.98 - 44, 55 - T4.42 -
Methyl red 0.1 26.032 21.06 41,23 7435 70.10 5.80
0.5 20.43 38.035 40,328 5.25 50,04 19.32
1.0 15.98 51.52 31.41 29.48 47.62 35.01
1.5 11.02 66.57 23.135 48,03 43.58 41 .44
2.0 87.28 73.53 18.93 57.51 37.52 49,57
Eriochrome black-T 0.1 23.43 28.86 36.66 17.71 63.91 11.44
0.5 18.20 44,75 28.5932 35.06 63.42 12.09
1.0 7.70 76.63 23.73 46,68 58.63 21.21
1.5 7.26 77.98 20.43 54,14 37.99 438.54
2.0 6.30 80.86 18.56 58.32 34.79 53.23
Congo red 0.1 23.08 30.00 40,85 8.29 66.33 10.86
0.3 18.29 44,21 22,45 49,57 58.74 21.07
1.0 7.14 51.28 21.456 51.83 53.99 27 .43
1.5 2.34 92.89 19.50 56.21 47.43 368.27
2.0 0.95 97.11 18.94 57.49 36.17 51.39
Alizarin red-s 0.1 21.00 38.31 20,01 32.62 71.96 3.20
0.5 15.16 54.01 25.13 34,62 67.32 5.54
1.0 11.41 65.29 24,22 45.63 S50.44 32.23
1.5 7.50 F77.25 18.94 57.48 40.36 45.76
2.0 7.13 78.25 17.21 61.37 33.46 55.04
Methyl red Eriochromeblank-T
0 0.2
0.1
® o A
o 02 o
<§ s [m} § -02
o &,
0.4
0.5 b
0.6 0.8
A
7 4 33 3 282 -269 Et " - 5 - 2s
log ¢(M)
log c(M)
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Fig 1: Langmuir Adsorption I sotherm for Corrosion of 60/40 Brassin 2.0 N HNO; Solution Containing Various Dyes.

The values given in table-2, shows that, for al ithhibitors at temperature 303-313 k the valuaativation energy
were higher in inhibited acid solution comparedutdnhibited acid solution, which indicates that tindibitor
induces energy barrier for the corrosion reactiwhich leads to the decreasing the rate of corrosiohrass in
presence of inhibitors. At the higher temperatui8-323 k the value of activation energy were lowsrich

indicates that as the temperature rises the effawtss of inhibitor is decreases.

Table 2 : Effect of Temperature on Corrosion Rate (mdd ), Inhibition Eficiency (IE% ), Energy of Activation (Ea).
Heat of Adsorption (Qes ). and Free Energy of Adsorption (AG.) for 60,/40 Brass in 1.0 N Nitric Acid
containing Various Dyes as Inhibitor.

surface area of specimen : 30.70 cm’

Immersion penod : 3 hours

inhibitor and its

Energy of Activation (Ea)

Head of
Adsorp on
Qe

Free Energy
of

Ad sorption
L

concen tration in mM Temperature (K] K Cal. mole ™ K.cal.mole™  K.cal.mole™

303K 313K 323K Mean E fom Mean

CR CR CR 303- 313- E from Arhenius 303- 313-

(1x107) I (1:10°) IE (1x10°) IE 313K 323K eq. Plot 313K 323K

Blank 1888  — 5356 - 14271 - 1965 1955 1967 19,14
Me thyl red 0.1 15,32 18.05 4584 654 10320 27.68 2223 1462 1843 18.05 -2041 2286 -7.17
10 1257 2274 4070 2401 8078 43.3% 2214 1377 17.%96 17.60 -815 17.81 -6,35
Ericchrome black-T 0.1 10856 41.00 46056 1400 8860 237.91 27.23 13.14 2019 1986 -2805 2655 -7.67
1.0 8.58 55,53 27.10 4935 B4.632 5471 2168 1746 1857 15,10 -4 65 429 -6.87
Congo red 0.1 1z86 2584 4514 826 7042 35065 2386 7.2 1554 15,37 -253. 51 48,89 -7.02
1.0 11,93 32619 3382 3684 5238 6329 1965 873 1421 14,00 053 21.77 -6.68
Alizarin red-s 0.1 1470 21,34 4220 21.21 9160 3581 1988 1557 17.72 16,65 -015 1464 -7.56
1.0 S.60 69,38 37.52 2995 6521 35430 3585 1111 2348 2,08 -2L61 0.4 -6,82
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Figure 2: ArrheniusPlot for Corrosion of 60/40 Brassin 1.0 N HNOg in Presence and Absence of 2.0 mM of Various Dyes.

Table 3 : Tafel Parameters and Inhibition Effidency (IE%) for 60/ 40 Brass in 0.1 N Nitric add
solution containing Various Dyes.

Surface area of spedmen : 1 an® Temperature : 2¥C
Inhibitor Concentration  : 2.0 mM
Inhibitor Open dircuit Corrosion Tafel slope (V/decade) Inhibition effecency (IE%o)
potential (mV) current Calaulated from
de"mn-rh o hod; odi larizat ight 1
an? Cat icB Anodic B Polarization Weight loss
( ) method method
Blank -159.,50 5.45 216.30 102.30
Methyl red -102.50 2.88 76.60 53.50 47.18 46.19
Eriochrome bladk-T -97.28 1.75 24.40 35.50 B67.83 64,92
Congo red -114.00 3.75 44.90 46.90 31.22 32.69
Alizarine red-S -85.60 4% 60 n& 40.40 53.80 90.90 85.87
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Figure 3: Polarization Curvefor Corrosion of 60/40 Brassin 0.1 N HNO; solution Containing 2.0 mM Inhibitor Concentration.

The value of heat of adsorptionQ was calculated by the following equation[10]

Quas = 2303 [log (23) (Zp) | |5)] ———@

Where,0,qnd 6, (6=W, —W;/ W,) are the fraction of metal surface covered byithéitor at temperature,;fand
T,respectively.

The value of the free energy of adsorptiae{.q) was calculated with the help of following equat{d 1]

logC = log (é) —logp (4)

AG°ads
2.303RT

Where,logf = —1.74 — ( ) and C is the inhibitor concentration.

The values oAG°,4sand Qqsare given in table-2. The values of heat of adsompnd free energy of adsorption are
relatively small and negative, which indicates spentaneity of the adsorption process. The valusG5fyranging
from -6.35 to—7.17 k cal./mole. The value of free energy of apon more negative thar9.5598 k cal. /mole
(40 k Joule /mole) involves charge transfer from thhibitor molecule to the metal surface to forontls of
coordinate type which indicates chemisorptions[I2je value of free energy of adsorption is neavethis, which
indicates that the inhibitor does not chemisorbedretal surface, but strong interaction occurs betwinhibitor
and metal surface.

Galvanostatic polarization measurements were choigt in 0.1 N nitric acid solution in the preserazel absence
of 2.0 mM of various dyes. The values of corrogiotential (E,), corrosion current {},,) and the Tafel parameters
Bc andp,are presented in table-3 and figure-3.

The cathodic Tafel lines are shifted to more niggapotential relative to the blank, and the intidlyi adsorption
shifted the corrosion potential in the negativeediion with respect to blank, which means that seggion of the
cathodic reaction is the main effect of the intdkst But this shift is not more than 85 mV. Accoglto Riggs and
others the classification of a compound as an anmd¢athodic inhibitor is feasible when the poi@rdisplacement
is at least 85 mV in compared to that measuredh®blank. So it can be said that the inhibitoes @rmixed type
inhibitor.

MECHANISM OF ACTION:
Increase in corrosion rate with rise in temperatmay be due to increase in formation of NBitric acid can
undergo an autoprotolysis reaction as below [13].

2HNO; «» NOF + NOFf + H,0
Higher inhibition in presence of dyes may be atii@ol to the prevention of the formation of nitr@esd. Increase in

inhibitive effect with increase in dyes concentatimay be due to surface coverage by protectiveraaif the
compound.
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It is alsoclear from the results that very low corrosion liatpresence of the dyes can be attributed to thleacules
containing polar unit and in such case the inhitiitight havebeen absorbed on the metal suri

In congo red six nitrogen atoms with the highecet densityacted as the reaction centres. It is interestingpte
that the four fold symmetry in congored metal caampk in which readjustment of the bond ano not take place,
which may be responsible for the higher inhibitagtion of the compoun

Methyl red also gives good inhibition, which cancae to the presence of azo group in contact watahsurface
Eriochrome blackr also reduced the corrosirate. The presence of N and S along wi@l¥C- bond contributes to
a large extent to the inhibition.

Alizarin red —s anceriochrome blac-T has better inhibition efficiency, which may beedo—-OH group, which is
an electron donating group. Compoucontaining electron donating group are more efficithan compoun
containing electron withdrawing groups. The elettdmnating group enhance adsorption and increassutface
area covered by the compound and consequentlyase the inhibition efficiency [14The efficiency of methyl re
as an inhibitor idesser than other dyes studied in this study, wich be explain by the presence of elec
withdrawing group-COOH.

CONCLUSION

from the above discussion following conclusion bardrown

1. Thecorrosion rate of 60/40 brass increase with in@é@asitric acid concentron.

2. The extend of inhibition increase with the increaseoncentration of inhibitc

3. The higher values of activation energy indicate tHactrostatic interaction betweenarged inhibitor molecule
and the metal surface occurs.

4. The values of free energy of adsorption were alnomsstant. This indicates that there was change in
corrosion mechanism.

5. All the dyes molecules under the investigationlugfce cathodic reacti to greater extent than anodic react

and thereby inhibitive action is observed. Thebitbis are mixed type inhibitc

Acknowledgement
The authors are thankful to tHgepartment of Chemistry, Sir P. T. Sarvajanik Calegf Science, Surat f
providing laboratory facilities.

REFERENCES

222
www.scholarsresearchlibrary.com



M. B. Mahida et al Der Pharma Chemica, 2013, 5 (2):216-223

[1] P. Kern, D. Landolt.Electrochem Acta2001, 47., 589.

[2] A. Zarrouk, B. Hammouti, A. Dafali, H. ZarrokDer Pharma Chemica2011. 3(4), 266-274.

[3] M. N. Desai, J. D. Talati, C. V. Vyas and N. 8hah.,Indian journal of Chemical Technology008, vol. 15,
228-237.

[4] M. Ramnada Singh., K. Bhrara and Gurmeet Sirigbrtugaliae Electrochemica Act&008, 26/6, 479-492.

[5] Ranjana, R. Benerjee and M. M. Nanthdian journal of Chemical Technologg010, vol. 17, 176-180.

[6] R. T. Vashi, H. M. Bhajiwala and S. A. Desd@er Pharma Chemica2011, 3(2), 440447

[7] K. Aderdour, R. Touir, M. Ebn Touhami, M. Saitd. El Kafssaoui, B. Hammouti, H. Benzaid, El., Eksassi.,
Der Pharma Chemica2012, 4(4), 1485-1495.

[8] G. R. Brubaker, P. B. PhippSprrosion Chemistr¢yAmerican Chemical Society, Washingtorip63, 503.

[9] G. R. Brubaker, P. B.Phipp€orrosion chemistryAmerican Chemical Society, Washingtof979,293.

[10] H. H. Uhlig, Corr. and Corr. Cont.Wiley, USA,1967,18.

[11] A. M. S. Abdel, A. El. Saiedrans SAEST1981, 16, 197.

[12] P.C. Okafor, E. E. Ebenso, U. J. Ibok, U.Jp&KM. I. Ikpi, Trang SAEST.2003,38,91.

[13] C. A. Loto, R. T. Loto.|nt. J. Electrochem Sgi7(012), 12021-12033.

[14] M. Abdallah, A. S. Fouda, S. A. Sharma andAE Afifi., African Journal of Pure and Applied Chemistry
2008, vol. 2(9), 083-091.

223
www.scholarsresearchlibrary.com



