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ABSTRACT

The present work deals with the investigation of the influence of 1,3,5 -Tri Methyl Xanthing(TMX), as a green
inhibitor, on the corrosion behaviour of stainless steel in 1.0 M HCI solution by weight loss (at 30°Cand 40°C), and
electrochemical techniques. Experimental results reveal that inhibition efficiency increases with increasing inhibitor
concentration up to a maximum of 83% and it decreases with increase of temperature. The best fit adsorption
isotherm for the experimental data was Langmuir adsorption isotherm. Tafel polarization analysis reveals that the
studied compound is a mixed type inhibitor. The surface morphology has been analysed by SEM.
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INTRODUCTION

Pitting Corrosion of 430 Stainless Steel is of gg@actical interest. It can be a destructive farfrcorrosion in
engineering structures if it causes perforatioeaqdipment. Most equipment failures in StainleseBare caused
by pitting corrosiorf1-3]. Acidic solutions are extensively used withindustry for industrial-equipment cleaning,
and thepre-treatment of compositions [4—6]. Hydrochloric acid is widely- used in picklinglsitions. The addition
of an inhibitor is necessary to prevent corrosian to reduce the dissolution of metals within ¢heidic
environments. The usage of chemical corrosionbitdis is common during production and processipgrations.
The addition of high molecular weight organic compds, such as surface active agents, to acid sofutias been
proved to be an effective method to reduce theakterrosion of metals. Moreover, ionic and nonigosurfactants
have been reported to be corrosion inhibitors fatais like copper, aluminium and mild stdgi16]. The
development of new chemicals is particularly chajieg, as they would need to maintain good pratectf the
materials under a variety of conditions, whilstrigeenvironmentally acceptable. There is increasomgern about
the toxicity of corrosion inhibitors used in indyst Any toxic effects not only affect living orgems but also
poison the earth. Therefore, over recent yearstréfaétional approach regarding corrosion inhitstbas gradually
changed, owing to the increasing interest and tdterof the world towards environmental problemsyards
protecting the environment and the hazardous effettthe usage of chemicals on the ecological lselanit is
believed that toxic inhibitors, widely-used withimdustrial processes should be replaced by new@mwientally
friendly inhibitor. Caffeine a naturally availablrganic substance is used in the present studyptore the
possibility of usage as green inhibitor to conth@ corrosion of stainless steel in acid mediungaic compounds
containing electronegative functional groups acg@sd inhibitors. One possible mechanism is the@udi®n of the
inhibitor due to their specific interaction betwekmctional groups and the metal surface which kdohe metal
surface and thus do not permit the corrosion potedake place. Heteroatom’s like N, O and SZ0Yplay an
important role in inhibition due to the free electrpairs they possess. When both these featuresicenincreased
inhibition can be observed [21-25].
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MATERIALS AND METHODS

Preparation of inhibitor
Commercially available 1,3,5 - Tri Methyl Xanthinempound with molecular formulagB;JN4O, is used as such.
All the solutions were prepared from doubly distllwater.

1/
“\N/UiN
o}ﬂr | N/>

1,3,5 -Tri Methyl Xanthine

Specimen preparation

Stainless steel 430 grade having composition d?%.T, 1.00% Si, 1.00% Mn, 16.00% Cr, 0.75% Ni4910P,
0.03% S and the remainder Fe, specimens usecheimweight loss experiments were mechanically cramf
commercially available stainless steel samplesdotgpons of 4.0cmx1.5 cmx0.0457 cm dimensionsspetl with
soft 3M 1500 sand paper to a metallic shine, washed with acetoke double distilled water, dried to room
temperature and stored in a moisture free desicchfore use in corrosion studies. The stairdessl specimens
for the electro chemical measurements were macbutefrom stainless steel sample into test elecsode
dimensions, 8.0cmx1.0cmx0.0457cm and coated withyepesin (araldite)leaving a surface area of Acrlihe
corrosive medium, 1.0 M HCI solution were prepafaxdn analytical grade 37% HCI by diluting with ddeb
distilled water.

Weight loss method

The weight loss (WL)measurements were carried gutweighing the prepared specimens before and after
immersion for 1 h in 100ml stagnant test solutiothie presence and absence of various concensatfdhe 1,3,5-

Tri Methyl Xanthine 1.0 M HCI. From the weights® data, percent inhibition efficiency (IE %) wadcalated at
different concentration at 30and 46c.

Electrochemical measurements

The stainless steel coupons, were prepared asledetabove, was used as working electrode. Beforh ea
experiment, the exposed area of the working eldetwas polished with soft 3M 1500 sand paper, toetallic
shine. Then it was washed with distilled watergrédased with ethanol, and finally dried with softppr. The
electrochemical measurements were performed in reverional three electrode glass cell which coasist
stainless steel as working electrode (WE), Calamseleference electrode, platinum as counter eldetréotential
was allowed to stabilize 60 min before starting ith@asurements. Measurements were performed Bsingeton
Applied Research Electrochemical Analyser (mode2@&D micro cell kit). Electrochemical analyser safte was
used for plotting, graphing and fitting data. Tafelarization curves were obtained by changingpbeential from -
440mV to -470mV around open circuit potential wighan rate of 10mV/sec. Impedance measurements were
carried out in frequency range from100kHz to 10u8ing ac signals with an amplitude of 60mV peakédak at
open circuit potential.

Scanning electron microscopy(SEM)
The surface of stainless steel specimens immersédOi M HCI in the presence and absence of the Twas
studied by using scanning electron microscopy.

RESULTS AND DISCUSSION

Weight loss measurement and adsorption

The inhibition efficiencies, (IE%) were calculatied the following equation.

CRCR
IE% = —— x100 1)
Cr
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Where, CR and CR are the Corrosion rate in the absence and theepresof the inhibitor respectively. The
inhibition efficiency increases with increasing centration of the inhibitor and decreased with éase of

temperature (Table 1).

Tablel inhibition of corrosion of stainless steehi 1.0 M HCI by TMX at 30+0.5 and 40+0.%

[Concentration] 30°c 40c
x10% M CR.CR/CR, | %W IE | CRCR/CR, | % IE
1.00 0.67 67 0.24 24
2.00 0.71 71 0.32 32
3.00 0.73 73 0.35 35
4.00 0.78 78 0.44 44
5.00 0.83 83 0.50 50

Adsorption studies

Adsorption of TMX can be explained on the basig Husorption of the inhibitor was mainly via hetiam’s (viz,
N, O ) present in TMX [26]. The establishment sftherms that describe the adsorptive behavioar eifrrosion
inhibitor is an important part of its study, asythean provide important clues to the nature of tfetal-inhibitor
interaction. The values of surface coveraf)eate obtained from weight loss measurements 4a80 46c. Thed
values were tested for several adsorption isothamdsthe best fit was found to obey Langmuir adsamgsotherm
[27, 28], which is expressed by
c/o = 1/Kygs+C (2
Where0 is the surface coverage, C is the inhibitor cotregion and Kgsis the equilibrium constant of adsorption
process. The regression coefficiertWas found to be 0.968 (&f) and 0.941 (48). plot of ch versus C is shown

(Fig.1).
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The slope deviates from unity indicates that therattraction or repulsion in the adsorbed layeinbfbitor on the
stainless steel. [29, 30].

The standard free energy of adsorptiatGl.q) is related to equilibrium constant of (4§ according to the
following equation[31].
Kads-—llcsolventexp @GoadJRT) (3)

where GonentCrzo=55.55mol drit, R(J mot' K™) is the gas constant and T (K) is the temperature.
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Table2 The standard Gibbs free energy of adsorptionf TMX on the stainless steel surface in 1.0 M HCI

— 30C adc
[Inhibitor], 10M 5= a0 (T mol | 0 | AG".g ki moP
1.00 067 -12.727 |024| -11.044
2.00 071| 12173 |032| -10.711
3.00 073| -11.823 |035| -10.405
4.00 078| -11.820 |044| -10.507
5.00 083| -11.926 | 050| -10.528

The negative values oAG%q) suggest that the adsorption of inhibitor molesuba to stainless steel surface is a
spontaneous process [32]. It is seen that the mani inhibition efficiency was found to slightly dease from
83% to 50.0% with the increase of temperature fBffhto 40°C and it is indicative of physical adsorption of the
TMX on the stainless steel in 1.0 M HCI [33]. Iddition the values oAG’4saround -20 kdnol™ are consistent
with physisorption. The value around — 40mdl™ or higher correspond to chemisorption [34, 35].

Effect of temperature
Thus in examining the effect of temperature on ¢bgosion process, the apparent activation enet@gswas
calculated using equation [36].

Log K/ 11 -E»2.303(1/ §-1/ 1) 4)

Where § and i are the corrosion rates at temperaturgand T, respectively. An estimate of heat of adsorpt@n,
ads Was obtained from the trend of surface coveraitfe t@mperature as follows [37].

Q2052.303 R [1001. 0,10 011-01]X[T 1 XToTo-T1] kI mol ™ (5)

wheref, and0, are the degrees of surface coverage at tempefbtared T, respectively. The calculated values for
E,and Q,gsare given (table 3).

Table 3.calculated values of Eand Q .4 for stainless steel in 1.0 M HCI without and withTMX

[Inhibitor], 10°M | E, kdmol™ | Qags. kImol™
Blank 45857 | = -e-
1.00 106.722 -146.752
2.00 111.929 -130.046
3.00 127.171 -127.249
4.00 119.381 -118.813
5.00 134.275 -125.046

Increased activation energy, iB inhibited solutions compared to the blank suggésat the inhibitor is physically
adsorbed on the corroding metal surface, eithehamged or lower (§ in the presence of inhibitor suggest
chemisorptions [38]. It is seen (Table 3) that/&lues increases with increase in the concentratidhe inhibitor.
This shows that the inhibitor retards corrosioroatinary temperature and its corrosion retardirficiehcy are
considerably diminished at higher temperatures.[39je low and negative Qvalues are indicative of less surface
coverage with rise in temperature.

Potentiodynamic polarisation method

The Tafel polarisation curves of stainless steel.thM HCI solution without and with different camtrations of
TMX are shown (fig 2) and the polarisation parameseich as &, l.om Anodic and Cathodic Tafel slopeBy(, Bc)

are summarised in Table4. Literature survey reveredt only when the open circuit potential (OCRpkhcement is

at least 85 mV in relation to the blank solutiangompound can be recognized as an anodic or ¢atimibitor
[40]. However it is seen (Table 4) that the coopngotential, k., was shifted at the most 12 mV with respect to
the blank solution and therefore, TMX might actasixed type inhibitor.

Table 4 Electrochemical polarisation for stainlessteel in 1.0 M HCl in the absence and presence dffdrent concentrations of TMX

[Concentration], M18 | Een, V| leom, HA | B, MV | BamV
Blank -464.930 | 220.020| 148.2 80.4
1.00 -455.617 | 109.081| 147.2 83.0
2.00 -461.508 | 118.907| 133.8 7.7
3.00 -463.983°| 81.291 137.9 81.3
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Electrochemical polarisation study
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Fig.2

Electrochemical impedance measurements

Nyquist plots of stainless steel in 1.0 M HCI smlatin the absence and presence of different cdratéons of
TMX are given in (Fig.3).

It can be seen from the Nyquist plots that the ewaxe almost semicircular appearance followed bindactive
loop at the low frequency region. The semicirculature of the Nyquist plot due to charge tranpfecess, which
mainly controls the corrosion of stainless steellih HCI solution. Deviation from perfect circulanape is often
inferred as the frequency dispersion of interfatigedance and it may be attributed to the in hamedy of the
electrode surface arising from surface Roughnesdsterfacial phenomenoa [41]. The addition of TMXHCI
leads to increase in the resistancg, &d decrease of double layer capacitange(Table5).
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Table 5 impedance parameter for the corrosion of sinless steel in 1.0 M HCl in the absence and prese of different concentrations of
TMX at 30+0.5° ¢

Concentrations, M 10° | Ry, Ohm | Cy, UF

Blank 74.56 0.944

1.00 110.52 0.104

2.00 148.5 0.107

3.00 252 0.063

4(2)
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4(c)

Fig-4

SEM analysis of metal surface

SEM provides pictorial representation of the metadface. To understand the nature of the surféwei the

absence and presence of inhibitors and extent mbsion of stainless steel, the SEM micrographshefsurface
were examined. The SEM images of stainless spedimen immersed in 1.0 M HCI for 1 hr in the aleseand
presence of inhibitor are shown in Figure 4. TE&Smicrographs of polished stainless steel surfadégure 4(a)
shows the smooth surface of the metal. This shbesbsence of any corrosion products or inhiliter formed

on the metal surface. The SEM micrographs of Esinsteel surface immersed in 1.0 M HCI Figurg 4ftows the
pits and shows the roughness of the metal surféehvindicates the corroded area of the stainle=ss.s However
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Figure 4(c) indicates the rate of corrosion is sapped. The metal surface is almost free fromos@n due to the
formation of thin layer of inhibitor (TMX), whichféectively controls the dissolution of Stainleseedt

CONCLUSION

The inhibition efficiency of TMX increases with ir@ase in inhibitor concentration. The TMX contrbtsth anodic
and the cathodic reaction by blocking the stainitesl surface and thus the inhibitor is a mixguetinhibitor. The
adsorption of TMX on stainless steel follows thengmuir adsorption isotherm model. The values\6f, are
suggestive of spontaneous physisorption of thevitdri The SEM micrographs confirm the formatidrpootective
film on the metal surface.
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