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ABSTRACT

The corrosion of zinc in (HNOs+ H,S0,) acid mixture containing hexamine as inhibitor has been studied at different
mix acid concentration, inhibitor concentration and temperatures. Corrosion increases with the concentration of
acid and with the temperature. The inhibition efficiency (I.E.) of hexamine increases with the concentration of
inhibitor. The I.E. decreases with the increase in concentration of acid. As temperature increases, percentage of
inhibition decreases. The plot of log (6/1-6) versus log C results in a straight line suggest that the inhibitor cover
both the anodic and cathodic regions through general adsorption following Langmuir isotherm. Galvenostatic
polarization curves show anodic polarization.
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INTRODUCTION

The problem of corrosion is of considerable impactg nhowadays due to increase in uses of metalsaaboys.
Zinc is one of the most important non-ferrous ngtalhich finds extensive use in metallic coatinglp&uric acid
and nitric acid are a major chemical product, whicds uses many important especially in the prodoctf
fertilizers.

Aromatic, aliphatic and heterocyclic amines haverbextensively investigated as corrosion inhibitfirs3].
According to Hackerman et.gW] the inhibitive properties of a series of secondaighatic and cyclic amines in
acid media are controlled by the percentaga obrbital of free electron on the nitrogen atonthefse compounds.
Hexamine was reported as effective corrosion imdikfior various metals in aci-8]. In the present work, the
corrosion of zinc by (HNg H,SQO;) mix acid containing isomer of hexamine has begorted.

MATERIALS AND METHODS

To study the corrosion of zinc in phosphoric acigight loss method, temperature effect, potentamhell as
polarization measurements have been used. Rectargpgcimens (5.0 x 2.0 x 0.1 cm) of zinc havingaesa of
0.2935 dr were cleaned by buffing and immersed in 0.01, @68 0.10 N acid concentration with and without
inhibitor containing 230 ml test solution at 3011+K for 24 h duration period. After the test, Spsens were
cleaned by 10% chromic acid solution having 0.2 &cB; for a period of about 2 minut¢g]. After cleaning, test
specimens were washed with distilled water follovbgdacetone and dried with air drier. Triplicatepexments
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were performed in each case and the mean valueightoss was reported in form of corrosion raiéchemicals
used were of AR grade. The test solution was pezber double distilled water.

For polarization study, metal specimens having re@a af 0.047 dfwere immersed in 230 ml corrosive solution
without and with 1.0% inhibitor concentration imhry acid mixture (0.01 N HNO+ 0.01 N HSQ,). The test cell
includes the metal specimen as a working electrodigpsive solution in which the specimen was tddsted and
saturated calomel electrode (SCE) as a referemptr@tie as well as Platinum electrode as an aoxiékectrode.
The polarization study was made by using Potentbs&ho-Scan (Weaving PGS 81) meter. Polarizationesu
were plotted with potential against log currentsign(called Tafel plots). Tafel lines corresporglin The intersect
point of cathodic and anodic Tafel lines givesc¢berosion current (Icorr) and the corrosion poen(t.,,,) [10].
RESULTS AND DISCUSSION

The results are presented in Tables 1 to 3 and Eigs 3. To assess the effect of corrosion of Ainphosphoric
acid, hexamine is added as an inhibitor.

I.E. has been calculated as follows:
LE. (%)= {(Wu-Wi)/Wu}x 100 e (1)

Where, W, is the weight loss of metal in uninhibited acidian
W, is the weight loss of metal in inhibited acid.

Energy of activation (Ea) has been calculated ftbenslope of log versus 1/T d = corrosion rate, T = absolute
temperature) (Fig. 2) and also with the help ofAnnenius equatiofil1].

P, _ Ea TNt
log :0_1 T 5303R [ @/T,) @/T,) ] (2)

where,p; andp, are the corrosion rate at temperatuyeand T, respectively.
The value of heat of adsorption g were calculated by the following equatidr].
Qads=2.303 R [log @2/1—6,)-1log (01 /1—-01)] x [T1. T/ T, =Ty -(3)

where,0; andf, [0 = (Wu — Wi)/Wi] are the fractions of the metal &ge covered by the inhibitors at temperature
T, and T, respectively.

The values of the free energy of adsorptiaG#) were calculated with the help of the followeguation12].
logC =log® /1-6) — logB e 4)
Where, log B = -1.74 -AGa/ 2.303 RT) and C is the inhibitor concentration

The enthalpy of adsorptios\d",) and entropy of adsorptioA$) are calculated using the equation.

AMH,=E-RT e (5)
AS,=DH-AG/T e (6)

Corrosion in acid: The rate of corrosion increases with the increasacid concentration. The corrosion rate was
213.7,975.2 and 1921.4 mg/8in 0.01, 0.05 and 0.1 N (HN® H,SO;) mixed acid concentrations respectively for
a period of 24 h at 301 ¥ K as shown in Table-1.
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Effect of inhibitor concentration: Thel.E. of the hexamine increases with the inhibiton@entration, e.g. in case
of hexamine in 0.10 N HNO+ 0.10 N HSO, acid mixture the I.LE. was found to be 32.1, 5(h8 &§9.8 % with
respect to 0.1, 0.5 and 1.0 % inhibitencentration respectively [Table- 1].

Effect of acid concentration: The I.E. decreases with the increase in acid cdret@gon. At 1.0 % inhibitor
concentration, the I.E. of hexamine was 33.2, 4h8l 59.8% with respect to 0.01, 0.05 and 0.10 N+
H,SOy) mixed acid concentration respectively [Table -1].

Table 1: Corrosion rate (CR) and inhibition effidency (I.E.) of zinc in 0.01, 0.05 and 0.10 N (HNG- H,SO,) acid containing hexamine
as inhibitor for an immersion period of 24 h at 301t 1 K.

Acid concentration

Syatem Conc. of inhibitor 0.01 N 0.05N 0.10 N
CR I.LE. CR I.E. CR IL.LE.
(%) mg/did % mg/dm % mg/dm %
A 213.7 975.2 1921.4
B 0.1 171.0 20.0 684.9 298 12929 321
0.5 154.7 27.6 551.7 43.4 951.3 50.5
1.0 142.7 33.3 488.2 49.9 7715 59.8

A= (HNO; + H,S0,) B = Hexamine + (HNO; + H,S0y)

Effect of temperature: The effect of temperature on the corrosion of @nghown in Table- 2. In (0.05 NNO; +
0.05 N HSGO,) mixed acid,corrosion rate increases as temperature increasesorrosion rate was 700.5, 783.2,
832.0 and 895.2 mg/dnfior 3 h immersion period. Inhibition efficiency waecrease with temperature. The I.E. for
hexamine at 1.0% concentration was 80.9, 75.0, 88d861.4% at 303, 313, 323 and 333 K respectifeelyd h
immersion period. .

Value of ‘Ea’ calculated from eq.2 was found totigher (26.4 kJ md) than that of uninhibited system (6«8
mol™). This suggests that the presence of reactivee®in the inhibitor can block the active sitesdorrosion,
resulting in an increase in ‘Ha3]. The values of Ea calculated from the slope of &nibis plot and using eq.2 are
almost similar. It was evident that in all casé® Qqs values were negative and ranging from —25.9 ta+-2J
mol™. Oguzie[14] explained that the negative values of,(@lso signify that the degree of surface coverage
decreased with rise in temperature.

Table 2: Effect of temperature on corrosion rate (CR), inhilitive efficiency (IE%), energy of activation (Ea) aad heat of adsorption
(Qads) for zinc in 0.05 N (HNQ + H,SOy) binary acid mixture containing inhibitor.

Inhibitor concentration = 1.0 % Immersion period 3h

Temperature, K Mean Ea from
303 313 323 333 frI(E)?n Arrhenious
System CR I.E. CR LE. CR L.E. CR I.E. eq.c Plot Qaps (kJ mol™) AG, AH,  AS,
kJ
kJ kJ 303- 313- 323- kJ kJ .
2 " 2 0 2 0 2 0

mg/dm % mg/dm % mg/dm % mg/dm % molt molt 313 323 333 molt molt {nol

A 700.5 783.2 832.0 895.2 6.8 7.65
B 134.0 80.9 196.1 75.0 260.0 69.8 345.6 614 26.4 27.4 272 959 -29.1 192 275 0.155

A= (HNO3 + Hz&);;) B = Hexamine + (HNOg + sz4)

The meamG, values was (-19.RJ mol*). This suggests that they are strongly adsorbetth®@metal surface. This
statement was supported by the work of Talati aadiP15]. The enthalpy changedHll,) was positive (27.5 kJ
mol™?) indicating the endothermic nature of the reactjt] suggesting that higher temperature favours the
corrosion process. Adeyéh7] described that if thAH < 10 kJ mof the adsorption is probably physisorption and if
the AH > 10 kJ mof values indicate that the hexamine strongly adsodredinc is chemisorption. The entropy
(AS’,) values was positive (0.155 kJ miptonfirming that the corrosion process is entralbjcfavourable18].

Polarization behaviour: Anodic and cathodic galvenostatic polarization egrior Zinc in 0.01 N HN@+ 0.01 N
H,SO, acid mixture, alone and containing 1.0 % concdiomaof hexamine is shown in Fig. 3. The curvesvsho
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anodic polarization . I.E. calculated from corarsicurrent obtained by extrapolation of the catbatid anodic
Tafel lines are given in Table-3. The L.E. calcathfrom Tafel plots agree well (within £ 3%) withet values
obtained from weight loss data.

Table 3: Polarisation data and inhibition efficiency (I.E.) of hexamine for zinc in (0.01 N HNGQ+ 0.01 N HSOy) binary acid mixture at

301 +1K.
Inhibitor concentration: 1.0% Effective area of specimen = 0.04mé
Svstem Ecorr CD Tafel slope (mV/decade) B I.E. (%) from metbo
Y (mV) Icorr (mA/c)  AnodicB, CathodicB. (mV) Weightloss By polarization
A -1140 0.300 466 200 60.9 - -
B -1075 0.210 365 238 62.7 33.2 30.0
A= (HNO3 + H2$4) B = Hexamine + (HNO3 + H2$4)
Pa- Anodic Tafel constant, pc = Cathodic Tafel constant. S =(fa X S)/[2.3 (Ba+ fo)]

CD = Corrosion current density from intersection of anodic and cathodic lines.

Mechanism of corrosion: Generally, zinc dissolve in phosphoric acid solutdue to somewhat hydrogen type of
attack, the reaction taking place at the microeteles of the corrosion cell being represented as,

VA | R > Zn? + 2é (anodic reaction) = ---—- (7

Reduction reaction is indicated by decrease inncaeor the consumption of electrodes, as showtdéydllowing
equation.

2H" + 2& - > 2H (aas) (cathodic reaction) ----(8)
oo H + HO" + €--—-- > H,t + RO e 9)

The mechanism of inhibitor of corrosion is belietede due to the formation and maintenance obgeptive film
on the metal surface. Further, when 16g1-0) is plotted against log C straight lines were ot&d in the case of
hexamine studied (Fig. 1). This suggests thatrthéitor cover both the anodic as well as catheodgions through
general adsorption following Langmuir adsorptimatherm.
N
|

CHZ\

N
CH, H,C._
N/

\CHZ/

Structure of Hexamine

Macro molecular size and higher number of N-atofmsexaming[19] might have covered almost all active source
of zinc Four nitrogen atom of the hexamine haviightelectron density must have functioned as thetien centre
[20] and the hexamine molecules might have been chemiddo form a thin monolayer on the zinc surface.

Hexamine (hexamethylenetetramine) consists of fiittngen atoms and six GHgroups. Because of the presence of
three nitrogen atoms electrons are disposed dadihe ring and therefore it is expected to be ffecave inhibitor.
The inhibitor action can be accounted by the imtgra of lone pair of electrons in the nitrogen raton the
positively charged metal surface. The presencexofmgthylene groups also helps to lead to an erdraeat of
electron density at the nitrogen atom, which enkarits adsorption on the metal surface. This in taads to an
increase in the value of 1.E21].
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In case of hexamine cathodic polarization was gre#ftan anodic polarization. Therefore, it is redeltthat
hexamine is a cathodic inhibitor and controls cdibi@orrosion process. The protective effect of itif@bitor is
probably due to formation of an insoluble fi[22] Hence, the mechanism of the inhibitive action isgiloly due to
the blocking of cathodic sites by adsorption, wreckables the formation of a protective insolulia fi

04 L : L : s
BHexamine

logi®o 19
=)
ka

o0
-1.2 1.0 0.8 0.6 0.4 0.2 0.0
log C ("0}
Fig.1: Plot of @/ 1-0) versus C for hexamine in (0.05 N HNg* 0.05 N HSO,) mix acid concentration.
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Fig. 2 : Arrhenius plots for corrosion of Zinc in (0.05 N HNG; + 0.05 N HSO,) mix acid in presence of 1.0 % inhibitor concentréon.
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Fig. 3 : Polarisation curves for corrosion of zinén (0.01 N HNG; + 0.01 N HSO4)mix acid containing 1.0 % inhibitor concentration.

CONCLUSION

* As the acid concentration increase the corrosate increases and |.E. of inhibitor decreases.

* At all concentration of acid, as the inhibitormm@ntration increases |.E. increases and corra@aiedecreases.

* Mean value of ‘Ea’ in inhibited acid are highenanh the value of ‘Ea’ in acid only, which shows ttha
chemisorptions of the inhibitor molecule.

* As the temperature increases corrosion rate &s@e while |. E. decreases.

Acknowledgement
The authors are thankful to Department of Chemidigvyug Science College, Surat for providing latory
facilities.

REFERENCES

[1] V. A. Champaneri and R. T. Vashhsian J. Chem., 201Q 22(3),1799-1807

[2] R. T. Vashi , H. M. Bhajiwala and S. A. Des@riental J. Chem.,2009 33, 557

[3] N. K. Patel, S. S. Sampat , J. C. Vora antRTrivedi , Werkst and Korros., 197Q 10, 809.
[4] N. Hackerman Annali Uni. Ferrara NS Sez. Suppl., 1961, 3, 99.

[5] R. T. Vashi and Diksha NaikerJ Chem., 201Q 7(S1), S1-S6.

[6] R. T. Vashi and Krunal Desdder Pharma Chemica., 2012 4(5), 2117-2123.

[7] M. N. Desai , G. H. Thanki and H. MarinalinAnti-Corr. Methods Mater, 1988 15.

[8] G. N. Mehta Bull. Electrochem., 1988 4(2), 111.

[9] E. G. Stroud,). Appl. Chem,, 1951, 1, 93.

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

[11] N. Subramanian and K. Ramakrishnaiétd, J. Tech.,197Q 8 , 369.

[12] AAM. S Abdel and A.E.L Saiedltans SAEST, 198116 , 197.

[13] Aal M.S. Abdel and M. S. MoradBr. Corr. J., 2001, 36, 253.

[14] E. E. Oguzie Mater. Chem. Phys., 2004 87, 212.

[15]J. D. Talati and J. M. DarijiJ, Indian Chem. Soc.,1988 Vol. LXV February 94 —-99.

[16] D. Agrawal et al.Trans. SAEST, 2003 38, 111-114.

[17] O. O. Adeyen Bull. Electrochem., 2005 21, 363.

[18] R. M. IssaA.Z. , El-Sonbati , A. A. EI-Bindagnd H. M. Kera Eur. Polym. J., 2002 38, 561.
[19]I. L. Finar , “Organic Chemistry” Vol II, ELB&nd Longman]1959 153.

[20] R. C. Ayers and N. Hackermad. Electrochem. Soc., 1963 110, 507.

242
www.scholar sresear chlibrary.com



R. T. Vashiet al Der Pharma Chemica, 2013, 5 (2):237-243

[21] V. Violet Dhayabaran , A. Rajendran , Vimal&dsaline and A. Anandhakumarfrans. SAEST, 2005 40,
134-138.
[22] N. S. Rawat and A. K. SingBull. Electrochem., 1987, 3, 7.

243
www.scholar sresear chlibrary.com



