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ABSTRACT

The inhibition effect of the addition of organicngoounds containing a sulphur group such as Dietfwyphide
(DES) on the corrosion of copper in nitric acid wstsidied by weight loss and polarization techniguesults
obtained revealed that the organic compound is giobébitor. Polarization studies showed that themmound is
mixed type inhibitor. The adsorption of the intdbiton the copper surface was given by Temkin's qutism
isotherm. The effect of temperature on the corrodiehavior of copper in nitric acid in presence d#finite
concentration of the inhibitor was studied in tleenperature range 30-86. The SEM examination of the copper
surface revealed that the compound prevented flanmosion by adsorption on its surfaces.

Key words: copper, polarization, nitric acid, corrosion initalo, SEM.

INTRODUCTION

Copper is extensively used in various industria¢rations and the study of its corrosion inhibitignof grate
importance, most investigations on the corrosionagper have been carried out on. The developnferdroosion
inhibitor based on organic compounds has much saogeveral industries because of their practicafuliness.
The molecular structure of organic compounds usethkbitor has been found to exert a major infeeeien the
extent of inhibition of corrosion [1-4], copper aitgl alloys are widely used materials for their elent electrical
and thermal conductivities in many applications ascently in the manufacture of integrated circ{bt$]. Copper
is relatively noble metal, requiring strong oxidafdr its corrosion. The chemical dissolution atet&o plating are
the main processes used in the fabrication of releict devices. The most widely used nitric aciduioh, so this
medium has induced a great deal of research onecgpp-16]. Most of the effective organic inhibitbave hetero
atom such as O, N, S containing multiple bondsh&irtmolecules through which they can adsorb onntietal
surface, In the present study organic sulphidsnhibitions for the corrosion of copper in 3M Hi®@ave been

examined using weight loss measurement, Polarizatiodies and SEM process [1, 9] and results grerted and
discussed.

The aim of the present investigation was to studyithibitive action of organic compounds on ther@sion of
copper in the 3M nitric acid solution.
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MATERIALS AND METHODS

Materials and reagents

Copper strips of size 4 X 1 X 0.25 cm and havirgy ercentage composition 99.5% of cu, 0.001 % pDNI19%
of Al, 0.004 % of Mn, 0.116% of Si and balance impes were used for electrochemical and cheminalysis, the
Copper samples were mechanically polished usirfgrdiiit grades of emery sheets, washed with trioekbiylene
and triply distilled water and dried.

The organic nitro compound used in this study wasyred from Fluka AG, Switzerland, Analar gradieO; was
used for preparing the aggressive solution.

Methods
Weight loss measurements
Weight loss measurement was carried out in a coppetal strip was immersed in 100ml of inhibited and
uninhibited solutions of 3M HN©for 2 hours. The inhibition efficiency was calagld from weight loss values
obtained in the presence and absence of the iohiithe end of definite intervals of time.
1E% 22"« 100

Wo
Where
Wo = weight loss in plain acid
Wi = weight loss in inhibited acid

Temperatures Effects

The same procedure adopted for weight loss foliesuat temperature of the study was varied fB®% to 60°c at

the end of each experiment. The specimens wera takiewashed both in running tap water and in lthstiwater.
They were dried and their weights were measuree [O8s in weight was calculated. Each experimers wa
duplicated to get good reproducibility. Weight leseasurement was performed in 3M HN&@th and without the
addition of the inhibitor at various temperaturesswealculated.

Adsorption isotherm

The adsorption isotherm can be determined by asguthiat inhibition effect is due mainly to the aqgdmmn at
metal /solution interface. Basic information on #msorption of inhibitor on the metal surface canpbovided by
adsorption isotherm. In order to obtain the isathehe fractional surface coverage valu8y s a function of
inhibitor concentration must be obtained. The vselwd 6 can be easily determined from the weight loss
measurements by the ratio. % I.E /100, where %slighibition efficiency obtained by weight loss thed. So it is
necessary to determine empirically which isotheitetfest to the adsorption of inhibitor on the cepgurface.

Polarization measurements

The working electrode was immersed in test solutiaring 30 minutes until a steady state open dingatential
was obtained. Both anodic and cathodic polarizatiorves were recorded by potentiodynamicallyw@mt )[7 —
16] using a corrosion measurement system consisting &AS Model 100 KHz to 10MHz a comprised
electrochemical analyzer (made in Lafayette, in Y$A-10 digital plotter (DMP -40 series the instremis,
Division, Houston, TX, USA) made by a platinum famd Hg/ HgCl, / 3M HNO; were used as the auxiliary
electrode and reference electrode respectivelys Whs controlled by a personal computer.

Scanning Electron Microscope

The copper immersed in blank and in the inhibitduson for a period of 2 hours was removed, ringgtth double
distilled water, dried and observed in a ScannitgctEon Microscope to examine the surface morpholdde
surface morphology measurements of the copper w&eamined using Hitachi S-3000 computer controlled
Scanning Electron Microscope.
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RESULST AND DISCUSSION
Molecular structure of organic compound used inpifessent study is given in

CH;—CH,—S —CH,— CH;

Fig (1) Diethyl Sulphide (DES)
Weight loss measurements
The value of percentage inhibition efficiency (%) and corrosion rate (CR) obtained from weightlosethod at
different concentrations of DES in 3M HN@t 30c are summarized in Table-1.
The variation of inhibition efficiency with increa in inhibitor concentrations is shown in Fig (2was observed
that DES inhibits the corrosion of copper in HNsDlution at all concentrations used in study,fr@n | mM to 100
mM maximum inhibition efficiency was shown at 100nddncentration of the inhibitor. In 3M HNGt 30c it is

evident from table — 1 that the corrosion rategsrdased on the addition of DES.

Table-1 Corrosion parameters for copper in aqueousolution of 3M HNO; in absence and presence of
different concentration of DES at 30 C for 2 hrs

Inhibitor | Concentration(mM) |% I. E 0
Blank 3M HNG - -
1 60.0 0.60
5 70.2 0.702
DES 10 78.5 0.785]
50 89.5 0.895|
100 96.4 | 0.964

Fig - 2 Variation of inhibition efficiency on Coppe with different concentration of DES in 3M HNO3 at 3(Pc for 2 hrs
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Temperatures Effects

The value of inhibition efficiency obtained from ight loss measurement at the different temperatofetfc to
60°c in 3M HNGQ; solution at its best protecting concentration aresented in the Tables — 2. The inhibition
efficiency decreased at high temperature.
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Table- 2 Corrosion parameters for copper in aqueousolution of 3M HNO; in absence and presence of
optimum concentration of DES at different temperatue for 2 hrs

Temperature Cc) | Inhibitor | W (mg/cm?h) | % I. E
30 Blank 0.3932 -
DES 0.0802 80.8
20 Blank 0.3124 -
DES 0.034¢ 67.1¢
50 Blank 0.5723 -
DES 0.0289 45.80
60 Blank 1.2031 -
DES 0.0201 20.58

Fig - 3 Variation of inhibition efficiency on coppe with different temperatures of DES in 3M HNO; for 2 hrs
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Adsorption isotherm

The adsorption isotherm can be determined by asguthiat inhibition effect is due mainly to the aggmn at
metal /solution interface. Basic in information thie adsorption of inhibitor on the metal surface ba provided by
adsorption isotherm. In order to obtain the isathéhe fractional surface coverage valu@s s a function of
inhibitor concentration must be obtained. The valwf 6 can be easily determined from the weight loss
measurements by the ratio. % IE /100, where % liBhibition efficiency obtained by weight loss meth So it is
necessary to determine empirically which isotheitentfest to the adsorption of inhibitor on the cepgurface.

The values of surface coverad® €or different concentration of inhibitor in 3M HD§ solution were evaluated
from weight loss measurement. The inhibitor DES tested graphically by fitting to various isothermsluding
Frumkin Langmuir and Temkin’'s a straight line radaship was obtained. Wheh is plotted against log C for
various concentrations of inhibitor suggesting tiat adsorption isotherm relationship as showrménfig (4) from
this we can say that the inhibitor adsorption gnsitassumed that the adsorption of inhibitor atrietal solution
interface is the first step in the action mechanigrimhibitor in aggressive acid medium [10-15].

Potentiodynamic polarization measurement

Current — potential characteristics resulting freathodic and anodic polarization curves of coppe3M HNG; in
the presence and absence of DES at various coatient are presented in Table — 3, gives valuesoobsion
current (.,,+), corrosion potentialH,,,,) anodic and cathodic Tafel slop,(b.). In the case of polarization method
the relation determines the inhibition efficienéyg ( E)
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%1 E =(1- 1) x 100

corr

Wherel?,,..and I,,, are the uninhibited and inhibited corrosion curigensities

Fig -4 Temkin’s adsorption isotherm plots for coppein 3 M HNO ; containing DES for 2 hrs
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Table- 3 Corrosion kinetic parameters obtained frompotentiodynamic polarization studies for copper in
aqueous solution of 3M HNQ in absence and presence of different concentratiasf DES

Inhibitor Con((:riT\;lr)atlon rnVEVC:,;CE Taf:aIlslop\ (m\fgjcec) loor macn?) | % 1. E

Blank 3 M HNQ 36 97 224 3.900 -
10 38 103 197 2.705 46.5

DES 50 40 95 19C 2.05: 67.¢

10C 41t 90 187 1.90: 90.7

Fig-5 Polarization obtained from potentiodynamic pdarization studies for Copper in aqueous solution ©3 M
HNO; in absence and presence of different concentraticsf DES

44

42

40

38

E(mV)

36

34

32

30

a- Blank
b- 10 mM DES
c- 50 mM DES
d- 100 mM DES
d
c
b
a
0.5 1.0 1.5 2.0 2.5 3.0 35 4.0
I (mACm-2)

Pelagia Research Library

1753



V. Rethinagiri et al Adv. Appl. Sci. Res., 2012, 3(3):1749-1756

As it is shows in Tables - &nd fic-5 cathodic current potential curves give rise to parallel Tafel linedicating
that the hydrogen evaluation reaction is undewatitin controlled the cathodic current density dases with th
concentration of DE®nore over a small effect is obser on the anodic portions. This result indicates DES is
adsorbed on the metal surface on the cathodicaitéence inhibition occurs, we remark that thbitor acts or
the anodic portion and the anodic current densitgduced

It seems alsdniat the presence of the inhibitor change sligltey ¢orrosion potential values in no definite diie@tt
These results indicated that DB&s as a mixed type inhibit

SEM analysis of metal surface
The SEM image of magnification (x000) of Copper specimen immersed in 3M HNGr 2 hours in the absence
and presence of inhibitor system are showfig.6 (b,c).

Fig-6 (a) Pure Copper metal

WD37.5mm 30.0kV x1.0k 50um

WD26.3mm 30.0kV x1.0k 50um
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Fig-6 (c) Pure Copper metal + 3M HNG Acid + Inhibitor (DES)

WD26.2mm 30.0kV x1.0k 50um

The SEM micrographs of polished copper surfacetfodrin fig.6 (a) the smooth surface of the mefdtis shows
the absence of any corrosion products formed omigtal surfact

The SEM micrographs of Copper surface imme in 3M HNG; in fig.6 (b) Shows the roughness of the m
surface which indicates the corrosion of CoppdfNOs. Fig.6(c) indicates that in the presence of 100 aiNDES,
the surface coverage increases which inturn resutte formation of insolubleomplex on the surface of the me
(DES inhibitor complex) and the surface is covebsda thin layer of inhibitor which effectively caot the
dissolution of Copper.

CONCLUSION

On the basis of the above results the followingctusion can be draw

* Results obtained from the experimental date showhMtfS acts as an effective inhibitor for corrosiomitric
acid

« The corrosion process was inhibited by adsorptiche organic matter on the Copper sur

< Inhibition efficiency increases with incree in the concentration of the DES but decrease wih in
temperature

* The adsorption of DES on Copper surface from 3M ;3 obeys Temkin adsorption isothe

» Polarization measurements show that DES acts émbeat a mixed type inhibit:

* The SEM imagesonfirm the formation of protective layer on thetaiesurfac:
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