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Abstract: The inhibition of corrosion of zinc in H3PO, acid by Hexamine has been investigated by using weight loss, temperature
effect and synergistic effect. As acid concentration increases corrosion rate increases while percentage of inhibition efficiency
(I.LE.) decreases. As inhibitor concentration increases corrosion rate decreases while percentage of I. E. increases. As
temperature increases, corrosion rate increases while percentage of 1. E. decreases. Kinetic parameters: Rate constant (k) and
Half-life (ty;) has also been studied. Higher the half-life period, higher will be 1. E. and lower the corrosion rate. Hexamine
showed maximum L.E. of 97.42 % at 80 mM inhibitor concentration in 0.05 M H;PQO,. Initial OCP (Eim) values decreases (more
negative direction) in presence of inhibitor compared to potential of uninhibited acid suggesting polarization of
local cathodes.
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I.  INTRODUCTION

Corrosion is the deterioration of metal by chemical attack or by reaction with its environment. The problem of corrosion is of
considerable importance, nowadays due to increase in uses of metals and alloys. Zinc is one of the most important non-ferrous
metals, which finds extensive use in metallic coating. The major use of zinc for corrosion controls is in the form of coatings for
steel.

Phosphoric acid is used primarily in the manufacture of detergents and pharmaceuticals. Phosphoric acid is a major chemical
product which has many important uses especially in the production of fertilizers [1-2]. One of the methods used to reduce the rate
of metal corrosion is the addition of inhibitors. Aromatic, aliphatic and heterocyclic amines have been extensively investigated as
corrosion inhibitors [3,4]. Many researchers [5-14] studied corrosion inhibition of zinc in different acids using various organic and
green inhibitors. Hexamine was reported as effective corrosion inhibitor for different metal in various acids [15-21]. In the present
work, the corrosion of zinc by H3;PO, acid containing hexamine as an inhibitor was evaluated by using weight loss, temperature,
synergistic effect and Open Circuit Potential (OCP) techniques.

Il. EXPERIMENTAL SECTION
A. Preparation of Sample and Solution
The zinc specimens with a chemical composition of 98.50 % Zn, 0.03 % Pb,0.02 % Cd and 0.01% Fe were used in the present
study. Rectangular specimens (4.50 x 2.03 x 0.17 cm) of zinc having an area of 0.2054 dm? were used. The specimens were cleaned
by washing with distilled water, degreased by acetone and finally dried and weighted by using electronic balance. Phosphoric acid
was used as corrosive solution having concentration of 0.01, 0.05, 0.10 and 0.15 M prepared by diluting analytical grade of H;PO,
purchased from Merck using double distilled water.

B. Weight loss Measurement

For weight-loss measurement, the zinc coupons were each suspended and completely immersed in 230 mL of 0.01, 0.05 and 0.10 N
acid concentration in absence and presence of different concentrations of hexamine at 301+ 1 K for 24 h immersion period. After the
test, specimens were cleaned by 10% chromic acid solution having 0.2 % BaCO; for a period of about 2 minutes [22]. After
cleaning, test specimens were washed with distilled water followed by acetone and dried with air. From the weight loss data,
corrosion loss (CL) in mg/dm?and corrosion rate (CR) in mg/dm? d were calculated.
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C. Temperature Effect

To study the effect of temperature on corrosion of zinc in 0.05 M H;PO, acid, the specimens were immersed in 230 ml of the
corrosive solution and weigh loss was determined at solution temperature of 313, 323 and 333 K for an immersion period of 3 h in
absence and presence ethylamine at 20,40,60 and 80 mM concentration. From the data corrosion rate, inhibition efficiency (1.E.) and
Energy of activation (E;) were calculated.

D. Synergistic Effect
Synergistic effect of KI was studied by using weight loss method. For this, corrosion loss was measured in 20
mM Hexamine alone and with combination of 5 mM KI in 0.05 M H;PO,at 301K.

E. Open-Circuit Potential Measurement

One of the simplest qualitative methods to study the corrosion behaviour of metals is the measurements of OCP with time. For OCP
measurement, zinc specimens having as area of 0.0268 dm?were immersed to 230 mL of 0.01 M H;PO, in absence and presence of
20 mM inhibitor concentration. Potential was measured immediately after the immersion of metal specimens using saturated
calomel electrode (SCE) as a reference electrode with the help of primary circuit, as a function of time. The potential values were till
the potential attained a steady state value (E s,s.).

I1l. RESULTS AND DISCUSSION
A. Weight Loss Experiments
The corrosion rate of zinc in 0.05 M HzPO, acid solution in absence and presence of 20,40, 60 and 80 mM concentration of
Hexamine at 301 + 1 K for an exposure period of 24 h was calculated from the weight loss data using the following equation:

Weight loss (gm) = LODD

24\ —
CR (mg/dm d) " Imetal surface area) dm’ » day (1)
I.E. were calculated as follows:
W — Wi 100 -
= X ] 1<
Wu 2)

Where, W, is the weight loss of metal in uninhibited acid and W; is the weight loss of metal in inhibited acid. The degree of surface
coverage ‘e’ for different concentration of the inhibitor in acidic media have been evaluated from weight loss experiment using the
equation:
_ Woenink =Winh
8= Wininh (3)

B. Effect of Immersion Time

Corrosion loss increases with an increase in immersion time. Corrosion loss (CL) was increases as 983.59,1217.31,
1606.85 and 1887.64 mg/dm? corresponding to 6, 12, 18 and 24 h immersion time respectively in 0.05 M H;PO,
(Table 3.1, while percentage of I.E. of Hexamine decreases. In 0.05 M H3;PO, acid, Hexamine shows 83.16, 72.00, 69.69 and 66.72
% 1.E. correspond to an immersion period of 6, 12, 18 and 24 h respectively (Fig. 3.1).

Table 3.1. Corrosion Loss (CL) and Inhibition Efficiency (I.E.) of zinc in 0.05 M H;PO, acid containing 20 mM Hexamine with
timeat301 £ 1 K.

Immersion time (h)
Inhibitor 6 12 18 24
CL I.E. CL I.E. CL I.E. CL I.E.
(mg/dm?) | (%) | (mg/dm®) | (%) | (mg/dm®) | (%) | (mg/dm?) (%)
Blank 983.59 - 1217.31 - 1606.85 - 1887.64 -
Hexamine 165.55 83.16 340.84 72.00 486.92 69.69 628.13 66.72
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Fig.3.1 Effect of immersion time on corrosion of Zn in 0.05 M H;PO, containing 20 mM Hexamine.

C. Effect of Inhibitor Concentration

At constant acid concentration, as the inhibitor concentration increases I.E. increases. In 0.05 M H;PO, the L.E. was found to be
66.72, 93.03, 96.38 and 97.42 % corresponding to 20,40,60 and 80 mM inhibitor concentration respectively (Fig. 3.2).

100
)
< 95
z
=
g 9
k-
=85
=

80 +

20 40 60 80
Inhibitor concentration (inM)

Fig. 3.2: Effect of inhibitor concentration on I.E. of Hexamine for zinc in 0.05 M H;PO, at 301 K for an immersion period of 24 h.

D. Temperature Effect

To investigate the influence of temperature on corrosion of zinc, the weight loss experiments were also carried out at 313, 323 and
333 Kin 0.05 M H3;PO, in absence and presence of 20, 40, 60 and 80 mM inhibitor concentration for an immersion period of 3h. As
the temperature increases corrosion rate increases while percentage of I.E. decreases. Corrosion rate was increase as 993.32,
1192.96 and 1314.70 mg/dm? corresponding to 313, 323 and 333 K respectively in 0.05 M H;PO, (Table-1). Increase in corrosion
rate with temperature may be due to the desorption of the adsorbed molecules inhibitor and thus exposing the fresh metal surface to

further attack [23], which results in intensification of the kinetic of electrochemical reaction [24] and thus explains the higher
corrosion rate at elevated temperature.
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Table 3.2. Effect of temperature on the Corrosion loss (CL), value for zinc in 0.05 M H;PO, acid at various concentrations of
hexamine for an immersion period of 3 h.

Temperature (K)
. Mean
Inhibitor ‘Ea’ from
Inhibitor Conc. 313 323 333 Ea Arrhenius
(K]
(mM) e Plot
cL IE. cL IE. cL g |mol)
(mg/dm?) | (%) | (mg/dm?) | (%) | (mg/dm?) | (%)
Blank - 993.32 T [ 119296 | - | 131470 | - | 127 | 153
20 8764 | 9117 | 107.12 | 91.02 | 120.73 | 90.74 | 142 | 141
40 8330 | 9362 | 7790 | 9347 | 9251 | 9296 | 17.8 | 17.7
Hexamine | ¢, 4382 | 9558 | 5356 | 9551 | 68.16 | 94.81 | 194 | 19.1
80 1460 | 9853 | 1940 | 9836 | 2921 | 97.77 | 308 | 304

E. Energy of Activation (E,)
The value of ‘Ea’ has been calculated from the slop of log p versus 1/T (p= corrosion rate, T= absolute temperature) and also with
the help of the Arrhenius equation [25].

lDEE: 2,3E|:|23R [(rilj - (TLJ] )

Where p, and p; are the corrosion rate at temperature T, and T, respectively. Results given in Table-2 indicates that mean ‘Ea’
values calculated from Arrhenius plot were found higher in inhibited acid (Ranging from 14.1 to 30.4 kJ mol™) than the ‘Ea’ value
for uninhibited system (15.3 kJ mol™) (Table-2). The higher values of mean ‘Ea’ indicate physical adsorption of the inhibitors on
metal surface [26]. The values of ‘Ea’ calculated from the slop Arrhenius plot of log p versus 1/T x 1000 (Fig.- 3.3) and using
equation-4 were almost similar.
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Fig. 3.3 Arrhenius plots for corrosion of zinc in 0.05 M H;PO, in absence and presence of 20 mM hexamine.
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F. Synergistic Effect

Synergism is a combined action of compounds greater in total effect than the sum of individual effects. It has been reported that
iodide ion is the most adsorbable of halide ions on steel [27] therefore; addition of iodide ion with an organic inhibitor enhances the
I.E. Table-3.3 gives I.E of 20 mM Hexamine alone and for 20 mM Hexamine in combination with 5 mM KI in
0.05 M H;PO,at 301K. It is generally accepted that the presence of halide ions in acidic media synergistically increases the I. E.
of some organic compounds. It is thought that the anions are able to improve adsorption of the organic cations in solution by
forming intermediate bridges between the metal surface and the positive end of the organic inhibitor. Thus, the inhibitor is not
adsorbed directly on the metal itself but rather by columbic attraction to the adsorbed halide ions on the metal surface. Corrosion
inhibition synergism then results from increased surface coverage arising from ion-pair interactions between the organic cations and
the anions. The greater influence of the iodide ion is often attributed to its large ionic radius, high hydrophobicity, and
low electronegativity, compared to the other halide ions [28,29].

Table 3.3. Synergistic effect of KI (5 mM) on inhibition of zinc in 0.05 M
H3PQO, acid containing 20 mM Hexamine at 301 + 1 K.

I. E. (%) Percentage
Inhibitor Without KI | With Kl increment
I I Il v
Hexamine 66.72 84.17 18.05

G. Kinetic parameters: Rate constant (k) and Half-life (t 12)
The rate constant ‘k’ was calculated using the following equation [30],
k=1t In(Wi/ W) (5)
Where, ‘W’ is the initial weight of the sample, “W¢’ is the final weight of the sample, ‘t” is an immersion time (in hours).
The values of half-life (t,) were calculated by using the following equation [31] ,

tip= 0.693/k (6)

where, ‘t” is time in hours and ‘k’ is rate constant.
Corrosion rate constant ‘k’ and Half life ‘t 1" for Zn in H;PO, was shown in Table-3.4.

Table-3.4 : Kinetic parameters: Rate constant ‘K’ and Half-life ‘t;,” for the corrosion of zinc in 0.01, 0.05, 0.10 and 0.15 M
concentration of H;PO, containing various concentration of Hexamine.
Acid concentration

Inhibit 0.01 M 0.05 M 0.10 M 0.15M
or -
L. Rate Hélf Rate Half - Rate Half- Rate Half-
Inhibitor concen const. life . . .
const. life const. life const. life

tration | (kx10%) (tiz)

(mM) (day™) (day) (kx10%) | (o) | (kx10®) | (twa) | (kx10-%) | (twe)

(day") | (day) | (day’) | (day) | (day’) | (day)

Blank 852 | 8132 | 4526 | 1530 | 87.08 | 7.96 | 12980 | 534
20 103 | 67281 | 1492 | 4644 | 4610 | 1503 | 7248 | 956

Hexam 20 079 | 87721 | 310 | 22354 | 3141 | 2206 | 5311 | 13.07
examine ¢4 056 | 123750 | 158 | 438.60 | 1211 | 57.22 | 3257 | 21.27
80 034 | 203823 | 114 | 607.89 | 551 | 12577 | 14.04 | 49.35

As concentration of inhibitor increases rate constant ‘k’ decreases whereas the half-life values are increases [32]. Corrosion rate
constant ‘k’ increases with increase in acid concentration (Table-3.4). The action of organic inhibitors depends on the type of
interaction between the substance and the metallic surface. This interaction causes a change either in the electrochemical process
mechanism or in the surface available to the process [33].
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H. Effect of Open Circuit Potential (OCP)

Initial Values of OCP (Eim) and steady state (Es.s) for zinc in 0.01 M in H3PO, in absence and presence of 20 mM Hexamine at
room temperature were shown in Figure 3.4. It is noted that the potential for the solution without inhibitor gradually decreases with
time i.e. from -921 mV and stabilizes at the value of -956 mV, after 20 min. of immersion. Whereas, in the presence of inhibitor,
the OCP (Eim) values decreases (more negative direction) compared to initial potential (Eim) value of uninhibited acid (-
921 mV) i.e. -1019 mv for Hexamine which suggesting polarization of local cathodes. This finding indicated the formation
of a protective layer at the metallic surface [34]. Thereafter the potential moves in less negative direction with time and settles at -
961 mV (Es.s) in 24 min for Hexamine.
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Fig.3.4: Variation in OCP with time for zinc 0.01 M H;PO, in absence and presence of 20 mM of Hexamine.

It is quite understandable that change in potential with time depends on a number of factors such as area of local anodes and
cathodes, kinetics of anodic and cathodic reactions, anions present, dissolved oxygen and hence over simplification is difficult and
also not desirable.

I.  Mechanism of Corrosion Inhibition by Hexamine

The mechanism of inhibition of corrosion of zinc by hexamine is believed to be due to the formation and maintenance of a
protective film on the metal surface. Macro molecular size and higher number of N-atoms of hexamine [35] might have covered
almost all active source of zinc. Four nitrogen atom of the hexamine having high electron density must have functioned as the
reaction centre [36] and the hexamine molecules might have been chemisorbed to form a thin monolayer on the zinc surface. The
inhibitor action can be accounted by the interaction of lone pair of electrons in the nitrogen atom on the positively charged metal
surface. The presence of six methylene groups also helps to lead to an enhancement of electron density at the nitrogen atom, which
enhances its adsorption on the metal surface and basic strength of hexamine by inductive effect.

IV. CONCLUSION
On the basis of the study the following conclusions can be drawn:

At constant acid concentration, as inhibitor concentration increases corrosion loss decreases while 1.E. increases.

As temperature increase corrosion rate increases while 1.E. decreases.

Hexamine showed maximum L.E. of 97.42 % at 80 mM inhibitor concentration in 0.05 M H;PO,.

The values of Ea obtained in the presence of the inhibitor were higher compared to the blank which indicates that  inhibitor
was more effective at lower temperature.

Hexamine suggesting polarization of local cathodes.

oo ®>

m

V. ACKNOWLEDGEMENT
The authors are thankful to the Department of Chemistry, Navyug Science College, Surat for providing laboratory facilities.

©IJRASET: All Rights are Reserved 1325




[4]

[5]
[6]
[’
(8]
[9]
[10]
[11]
[12]

[13]

[14]
[15]

[16]
[17]
[18]
[19]
[20]
[21]

[22]
[23]

[24]

[25]
[26]

[27]
[28]
[29]
[30]
[31]
[32]
[33]
[34]

[35]
[36]

International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.429
Volume 9 Issue 1l Mar 2021- Available at www.ijraset.com

REFERENCES

A. C. Hart, “Resistance of nickel-containing alloys in phosphoric acid”, Br. Corros. J., 1971, 6(5), 205-210.

R. M. Saleh, M. M. Badran, A. A. Alhosary, H. A. El Dahan, “Corrosion inhibition of 304 SS in H3PO,-ClI" solutions by chromium, molyblednum, nitrogen,
tungsten and boron anions”, Br. Corros. J., 1988, 3, 105-108.

I. A. Akpan, N. O. Offiong, “Effect of Ethanolamine and Ethylamine on the Entropy Content of the Corrosion of Mild Steel in Tetraoxosulphate (V1) acid
Solution”, Chem. and Materials Res., 2012, 2(7), 40-47.

A. S. Fouda, A. M. El-Desoky, M. A. Diab, A. H. Soliman, “Corrosion protection of carbon steel in hydrochloric acid solutions using heterocyclic
compounds”, Int. J. of Advanced Res., 2014, 2(3), 606-628.

H. M. Bhajiwala, R. T. Vashi, “Ethanolamine, diethanolamine and triethanolamine as corrosion inhibitors for zinc in binary acid mixture (HNO3z + H3PO,)”
Bull. Electrochem., 2001, 17(10), 441-448.

R. T. Vashi, H. M. Bhajiwala, “Corrosion inhibition effect of ethylamines on zinc in (HNO3; +H3PO,) binary acid mixture”, Der Pharma Chemica, 2010, 2(2),
272-280.
R. T. Vashi, S. A. Zele and N. I. Prajapati, Aniline as Corrosion Inhibitor for Zinc in H,SO, Solutions: Kinetic, Adsorption and Thermodynamic
Considerations, Int. J. of Green and Herbal Chem., 2020, Sec. A; 9(1), 034-044.DO1:10.24214/1JGHC/GC//9/1 /03444.
R. T. Vashi, S. A. Zele, B. B. Patel, “Inhibitory Properties of N, N-Diethylaniline for Zinc in H,SO, Solutions”, Int. J. of Green and Herbal Chem., 2019, Sec.
A, 8(2),525-538. DOI: 10.24214/1JGHC/GC/8/2 /52538.

P. Deepa Rani, A. Petchiammal, S. Selvaraj, T. Nanthini and S. Mariammal, “The effect of Eugenia jambolana on zinc in 1.0 N hydrochloric acid environment
", Int. J. of Green and Herbal Chem., 2013, Sec. A, 2(3), 510-521.

R. T. Vashi, Diksha Naik, 4-amino antipyrine as corrosion inhibitor for zinc in phosphoric acid. Der Pharma Chemica. 2012, 4(4),1471-1476.

R. T. Vashi, Diksha Naik, Aniline as corrosion inhibitor for zinc in phosphoric acid. Int. J. of Chem. Tech. Res. 2011, 3(2), 864-869.

R. T. Vashi, Diksha Naik, “Ethanolamine as corrosion inhibitors for zinc in phosphoric acid medium”, Bull. Electrochem., 2005, 21(9), 415-421.

R. T. Vashi, Diksha Naik, Hydrazine Hydrate as Corrosion Inhibitor for Zinc in Phosphoric Acid, Int. J. of Green and Herbal Chem., 2019; Sec. A; 8(3), 705-
718. DOI: 10.24214/1JGHC/GC/8/3 /70518.

R. T. Vashi, Diksha Naik, Effect of Oxalic Acid on Corrosion Inhibition of Zinc in H3PO,, Int. J. of Res. and Anal. Rev., 6(2), 2019, 228x-235x.

R. T. Vashi, H. M. Bhajiwala, S. A. Desai, “Hexamine as corrosion inhibitor for zinc in (HNO; + H,SO,) binary acid mixture”, Der Pharma Chemica, 2013,
5(2), 237-243.

R. T. Vashi, H. M. Bhajiwala, S. A. Desai, “Hexamine as corrosion inhibitor for zinc in (HNO; + HCI) binary acid mixture”, Multi Disciplinary Global Quest,
2013, 2(3), 1-9.

D. D. N. Singh, T. B. Singh, B. Gaur, “The role of metal cations in improving the inhibitive performance of hexamine on the corrosion of steel in hydrochloric
acid solution”, Corros. Sci., 1995, 37(6),1005-1019.

Manju Kumari, “Use of hexamine as corrosion inhibitor for carbon steel in hydrochloric acid”, Int. J. of Advanced Edu. Res., 2017, 2(6), 224-23.

R. T. Vashi, Diksha Naik, “Hexamine as corrosion inhibitor for zinc in phosphoric acid”, E-J Chem., 2010, 7(S1), S1-S6.

R. T. Vashi, Krunal Desai, “Hexamine as corrosion inhibitor for zinc in hydrochloric acid”, Der Pharma Chemica, 2012, 4(5), 2117-2123.

R. T. Vashi, H. M. Bhajiwala, V. A. Champaneri , N. I. Prajapati, Inhibiting Properties of Hexamine as Corrosion Inhibitor for Zinc in (HNO; + H3POy,)
Binary Acid Mixture, Int, J. for Res. in Appl. Sci. & Engg. Tech., 8 1(X), 2020, 128-135.

E. G. Stroud, “The quantatative removal of corrosion product from zinc”, J. Appl. Chem., 1951, 1, 93-95.

M. A. Deyas, “Egyptian licorice extract as a green corrosion inhibitor for copper in hydrochloric acid solution”, J. Ind and Eng. Chem.,2015, 22, 384-
389.

J. Halambek, A. Zutinic, K. Berkovic, “Ocimum basilium L. oil as corrosion inhibitor for aluminum in hydrochloric acid solution”, Int. J. Electrochem. Sci.,
2013, 8,11201-11214.

G. R. Bruker, P. B. Phipps, “Aliphatic amines as corrosion inhibitors for zinc in hydrochloric acid”, Corros. Chem ACS, 1979, 293.

M. G. Hosseini, S. F. L. Mertens, M. R. Arshadi, “Synergism and antagonism in mild steel corrosion inhibition by sodium dodecylbenzenesulphonate and
hexamethylene tetraamine”, Corros. Sci., 2003, 45, 1473-1489.

S. Muralidharan, S. S. Azim and S. V. K. lyer, Synergistic influence of iodide ions on the inhibition of corrosion of mild steel in sulphuric acid by
cyclohexylamine., Ind. J. Chem. Tech., 1998, 5(3)., 167-171.

C. Jeyaprabha, S. Sathiyanarayanan and G. Venkatachari. Influence of halide ions on the adsorption of diphenylamine on iron in 0.5 M H,SO, solutions.
Electrochimica Acta, 2006, 51(19), 4080-4088.

E. E. Oguzie,, Y. Li, and F. H. Wang, Corrosion inhibition and adsorption behavior of methionine on mild steel in sulfuric acid and synergistic effect of iodide
ion. Journal of Colloid Interface Science, 2007, 310 (1), 90-98. https://doi.org/10.1016/j.jcis.2007.01.038.

E. E. Ebenso, Effect of halide ions on the corrosion inhibition of mild steel in H,SO, using methyl red. Part-1, Bull. of Electrochem., 2003, 19(5), 209-216.

E. E. Ebenso, Effect of methyl red and halide ions on the corrosion inhibition of aluminium in H,SO,. Part 2; Bull. of Electrochem., 2004, 20; 551.

J. D. Talati, and R. M. Modi, Inhibition of corrosion of aluminium-copper alloy in NaOH. Transaction of SAEST, 1986, 11, 259.

S. L. Granese , B. M. Rosales , C. Oviedo and J. O. Zerbino , 1992. The inhibition action of heterocyclic nitrogen organic compounds on Fe and steel
in HCI media, Corros. Sci., 1992, 33(9), 1439-1453.

Roberge P. R. (1976). Hand book of Corrosion Engineering. Chapter 10.

I. L. Finar, Organic Chemistry, Vol Il, ELBS and Longman, 1959, 153.

R. C. Ayers, N. Hackerman, “Corrosion inhibition in HCI using methyl pyridines”, J. Electrochem. Soc., 1963, 110(6), 507-513.

©IJRASET: All Rights are Reserved




d lIsRA

ef n\m
cross’ COPERNICUS

10.22214/1JRASET 45,98 IMPACT FACTOR: IMPACT FACTOR:
7.129 7.429

INTERNATIONAL JOURNAL
FOR RESEARCH

IN APPLIED SCIENCE & ENGINEERING TECHNOLOGY

Call : 08813907089 (V) (24*7 Support on Whatsapp)




