Available online at www.pelagiaresearchlibrary.com

Pelagia Research Library

Der Chemica Sinica, 2012, 3(2):402-412

Library Library
ISSN: 0976-8505
CODEN (USA) CSHIA5

Corrosion inhibition of copper in acid medium usinga new organic
sulphide compound

A. J. Adbul Nassef, V. Rethina Giri®, S. Karthikeyan®, K. N. Srinivasarf and R. Karthikeyan®

®P.G. and Research Department of Chemistry, Jama&lavted College, Tiruchirapalli, India
®Department of Chemistry, J.J. College Engineerind @echnology, Tiruchirapalli, India
‘Department of Chemistry, Materials Division, VITitkrsity, Vellore, India
YIndustrial Metal finishing Division, Central Electchemical Research Institute, Karaikudi, India

ABSTRACT

In this study the inhibition effect of Benzyl pHesulphide on copper corrosion in 3M HN®olution was studied.
Using Electrochemical techniques such as poteattitamic polarization, Electrochemical impedancecspscopy
(EIS) ,weight loss (WL), AFM analysis and hydrogeermeation studies to asses the effectivenebg afhibitor

to be used in pickling baths. Results showed BlRahs has good inhibition efficiency on the coroosof copper in
3M HNGO; solution. The adsorption of organic compounds lba topper metal surface from the acid follows
Temkin's adsorption isotherm and also AFM imagelgsia was performed to obtain the average roughfiesa
2D and 3D morphologies.

Keywords: Nitric acid, Weight loss, corrosion inhibition, témic force microscopy(AFM), Electrochemical
impedance spectroscopy (EIS).

INTRODUCTION

The development of corrosion inhibitors based aranic compounds has much scope in several indsigtéeause
of their practical usefulness. The molecules stmgcof organic used as inhibitors has been founekest a major
influence on the extent of inhibition of corrosi@rd] , copper and its alloys are widely used materfor their
excellent electrical and thermal conductivitiesmiany applications and recently in the manufactdrantegrated
circuits[5-6] copper is relatively noble metal, uéing strong oxidants for its corrosion. The cheahidissolution
and electronic plating are the main processes usé#uke fabrication of electronic devices. The magtely used
nitric acid solution, so this medium has inducegr@at deal of research on copper[11-19]. Corrosimst of the
effective organic inhibitors have hetero atom saslO,N, S Containing multiple bonds in their molesuhrough
which they can adsorb on the metal surface, Iptesent study a organic sulphids as inhibitiongHercorrosion of
copper in 3M HNQ@ have been examined using weight loss measurerRefdrization studies AC impedance
Measurements, AFM process through copper in 3M klK@&s also been studied and results are reported and
discussed.
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MATERIALS AND METHODS

Materials and reagents

Copper strips of size 4 X 1 X 0.25 cm and havirgbrcentage comparison 99.5% of cu, 0.001 % o®.Hi,9% of
Al, 0.004 % of Mn, 0.116% of Si and balance impastwere used for electrochemical and gravimetraysis, the
copper samples were mechanically polished usirfgrdifit grades of emery sheets, washed with triobkbylene
and triply distilled water and dried.

The organic sulphids used in this study were mexdtufrom Fluka AG, Switzerland, Analar gradsl® was
used for preparing the aggressive solution.

METHODS
Weight loss measurements
Weight loss measurement weight loss measurements walled out described in an earlier work [9] pepmetal
strip was immersed in 100m of inhibited and uniitkith solutions of 3m HNOS3 for 2 hours. The inhibiti
efficiency was calculated from weight loss valubtamed in the present and absence of the inhsbabthe end of
definite intervals of time

| E% £ x 100

wo

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

Temperatures Effects:

The some procedure adopted for weight for studiésmperature of the study was varied fr86fc to 60°.At the
end of each experiment. The specimens were tabemwashed both in running tap water and in distiNeater.
They were dried and their weights were measurea [B8s in weight was calculated. Each experimerd wa
duplicated to get good reproducibility . Weighsdomeasurement were performed in BMO5 with and without
the addition of the inhibitor at their best inhdsly concentration percentages inhibitor at varitmmperature was
calculated.

Polarization measurements:

The working electrode was immersed in test solutguring 30 minutes until a steady state operutiotential
was obtained. Both anodic and cathodic polarizatiorves were recorded by potentiodynamicallyw@dmt )[7 —
15] using a corrosion measurement system consisting BAS Model 100 K H Z to 10MHZ a comprised
elctrochemical analyzer (made in Lafeyette, in USA)-10 digital plotter (DMP -40 series the instrums
Division, Hovston, TX, USA) made by a platinum fand Hg/ Hg2CI2 / 3M HN® were used as he auxiliary
electrode and reference electrode respectivelyciiivas controlled by a personal computer.

ElS measurements:

The electro chemical impedance spectroscopy wemedaout using a transfer function analyzer, witlsmall
amplitude ac. The double layer capacitance (Cdl) #e charge transfer resistarigg(were obtained using ac
impedance instrument Princeton Applied Researctd@ile 7310). As described in an earlier publicatifi2-15].

Hydrogen permeation study:

The Hydrogen permeation study was carried out usim@daptation of modified Devananthan and stakfisrs
two compartment cell as described elsewhere [14drblyen permeation current were obtained in theratesand
presence of organic sulphide used in the presedy st

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 thre adsorption of inhibitors on the metal surfaaa be provided
by adsorption isotherm. In order to obtain thehisomn the fractional surface coverage valsag a function of
inhibitor concentration must be obtained. The velw# 6 can be easily determined from the weight loss
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measurements by the ratio. % I.E /100, where %sliBhibition efficiency obtained by weight loss thed. So it is
necessary to determine empirically which isothetmlfest to the adsorption of inhibitors on thepepsurface.

Atomic Force microscopy

AFM is a powerful technique for gathering of rougba statistics from a verity of surfaces AFM ISdmeing an
accepted method of roughness investigation[31-32]

Atomic force microscopy provided direct insightdrthe changes in the surface morphology takesepda several

hundred nanometers when topographical changes awittge initiation of corrosion and formation afofective
film on the metal and presence and absence ofitnhslrespectively

All atomic force microscopy images were obtaineda pico SPM2100 AFM instrument operating in contaode
in air. The scan size of all the AFM imagesbagmnm 5 (L mareas at a scan rate of 2.4 line per second

RESULTS AND DISCUSSION

Molecular structure of organic compound used ingesent study is given in Fig (1)

) - .
< T >—s—on, — > >

Fig (1) Benzyl Phenyl Sulphide(BPhS)

Table- 1 Corrosion parameters for copper in agueousolution of 3 M HNG; in absence and presence of
different concentration of Bphs in 3 M HNO; at 3C° C for 2 hrs. 0

Inhibitor | Concentration(mM) |% 1. E 0
Blank 3 M HNG - -
1mM 58.1 0.581
5mM 65.3 0.653]
Bphs 10 mM 725 0.725
50 mM 83.9 | 0.839
100 mM 93.4 | 0.934

Fig (2) Variation of inhibition efficiency on coppe with different concentration of Bphs in 3 M HNO; at 3¢° C for 2 hrs
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Weight loss measurements
The value of percentage inhibition efficiency (%) and corrosion rate (CR) obtained from weighslosethod at
different concentrations of Bphs in 3M HN  at 303k aummarized in Tables-1.

The variation of inhibition efficiency with in inease in inhibitor concentrations is shown in Fig [2was observed
that Bphs inhibits the corrosion of copperin H  usi@in at all concentrations used in study, i.e fiamm to 100
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mM maximum inhibition efficiency was shown at 100ndéincentration of the inhibitor . in 3MNO; at 303k. it is
evident from table — 1 that the corrosion ratedsrdased on the addition of Bphs.

Temperatures Effects:

The value of inhibition efficiency obtained from igbt loss measurement at the different temperatof&03k to
333k in BMHNO; solution at its best protecting concentration @resented in the Tables — 2. The inhibition
efficiency decreased at high temperature.

Table- 2 Corrosion parameters for copper in aqueousolution of 3 M HNO; in absence and presence of
optimum concentration of Bphs at different temperatire in 3 M HNO; for 2 hrs

Temperature (K) | Inhibitor |W (mg/cm2h) | % 1. E
303 Blank 0.393: -
Bphs 0.076¢ 80.¢
Blank 0.3124 -
313 Bphs 0.0244 75.18
Blank 0.5723 -
323 Bphs 0.0336 65.80
Blank 1.2031 -
333 Bphs 0.534« 55.5¢

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 the adsorption of inhibitors on the metal surfaaa be provided
by adsorption isotherm. In order to obtain thehsom the fractional surface coverage valu@sag a function of
inhibitor concentration must be obtained. The valwd 0 can be easily determined from the weight loss
measurements by the ratio. % I.E /100, Where %sliEhibition efficiency obtained by weight loss thhed. So it is
necessary to determine empirically which isothetmlfest to the adsorption of inhibitors on thepmpsurface.

The values of surface coverag® for different concentration of inhibitors in 3#WN05; Solution were evaluated
from weight loss measurement the data were testgohigally by fitting to various isotherms incladi Frumkin
Langmuir and Temkin's a straight line relationshiys obtained. Whe® is plotted against log ¢ for various
concentrations of inhibitors suggesting that ttigoaption isotherm relationship as shown in the3igfrom this we
can say that the inhibitors adsorption on the ihssumed that the adsorption of inhibitors at tletainsolution
interface is the first step in the action mechanigrimhibitors in aggressive acid medium.

Fig 3 Temkin's adsorption isotherm plots for copperin 3 M HNO3 containing Bphs for 2 hrs

1
0.8 /
9 o6 k/
0.4
0.2
0 : : : : .
0 0.5 1 1.5 2 2.5

log C

Potentio dynamic polarization measurement :

Current — potential characteristics resulting froathodic and anodic polarization curves of coppe3M HNO; in
the presence and absence of Bphs at various coatiens are presented in Table — 3 gives valuesoabsion
current {.,,+) corrosion potentialH_,,,) cathodic Tafel slop (bab, mv / dec ) for Bphs at various concentration in
3M HNOs In the case of polarization method the relatioteiaines the inhibition efficiency (% | E)
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% 1 E =(1-22) x 100

corr

Wherel?,,, and I, are the uninhibited and inhibited corrosion curgensities

Table- 3 Corrosion kinetic parameters obtained frompotentio dynamic polarization studies for copperi
aqueous solution of 3 M HNQ in absence and presence of different concentratiosf Bphs.

Inhibitor | Concentration(mM) | E cor  (my) Tagzl slops(mk;/éde‘ leormacm-2 | % I.E
Blank 3 M HNQ -925 70 130 3.800 -
10 -920 80 149 1.0070 73.6
Bphs 50 -905 83 154 0.6080 84.0
100 -888 86 180 0.2622 93.1)

As it is shows in Tables - 3, cathodic current teptal curves give rise to parallel Tafel linesligating that the
hydrogen evaluation reaction is under activatiomticled the cathodic current density decreases lie

concentration of Bphs more over a small effectisepved on the anodic portions. This result ingisdhat Bphs is
adsorbed on the metal surface on the cathodic aitédience inhibition occurs, we remark that thébitor acts on
the anodic portion and the anodic current densitgduced

It seems also that the presence of the inhibitangk slightly the corrosion potential values indedinite direction.
These results indicated that Bphs acts as a myxedihhibitor.

The pure HN@ and Bphs containing nitric acid solutions use@un experiments were all aerated where dissolved
oxygen may be reduced on copper surface and tHiallew some copper corrosion to occur [16-18]

It is a good approximation to ignore the hydrogenleation reaction and only consider oxygen reductio the
aerated nitric acid solution at potentials near toerosion potential[19] cathodic reduction of ozpgcan be
expressed either by a direct ransfer Eq(2)

O, +4H'+46-> 2H,0 )

Or by two consecutive 2eteps involving a reduction to hydrogen Eq (3)deked by a reduction according to
Ea(4)

O, +2H"+26> H,0, (3)

H,0,+2H"+26> 2H,0 (4)

The transfer of @ from the bulk solution to the copper solution ifaee will strongly affect rate of oxygen
reduction reaction.

@u=> Cu(l)ads (5)

Ouads-é > Cu(ll) (6)

Where Cu(l)ads is an adsorbed species at the ceppice and does not diffuse into the bulk sohjfi@-22] The
dissolution of copper is controlled by the diffusiof soluble Cu(ll) species from the outer Helmhgitane to the
bulk solution.

Upon addition of Bphs it is obvious that slopes émedic and cathodic Tafel lines remain unchan@dng rise
to a nearly parallel set of anodic lines and aroatrparallel cathodic lines same.

The adsorbed inhibitor decrease the surface arezofoosion without affecting the corrosion mecisamiof copper
in these solutions, and only causes inactive daheosurface with respect to the corrective medjg&i25]

Electrochemical Impedance spectroscopy

The results of impedance parametersafitl ) for inhibitors are given in Table - 4 and fig)(4 can be seam
from the Table - 4 that the charge transfer rest&gR) value increase with increase in inhibitor concatiins but
the value of durable layer capacitancg)(@ecrease due to decrease in local dielectrictanhsind increase in
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thickness of the electrical double layer, suggestirat the inhibitor molecules function by adsarptiat the metal
solution interface. Hence the inhibition efficieniticreases with increase in inhibitor concentratibhis may be
due to the availability of more sites on the metaface in SMHNQ solution because of the lesser adsorption of the
sulphide ions on the metal surface.

Table- 4 Impedance parameters for the corrosionfocopper in 3 M HNO; in absence and presence of
different concentration of Bphs

Inhibitor | Concentration(mM) | RtQCm? | Cy P CM? | leormacm2 | %I E
Blank 3 M HNG; 4.7 183.2 3.50C -
10 50.2 99.0 0.9210 73.0
Bphs 50 56.9 58.9 0.5792 82.9
100 77.4 52.9 0.2399 93.0

Fig 4 Impedance diagram for corrosion of copperri 3 M HNO3 in absence and presence of different
concentration of Bphs.

5 a - Blank
ti - 10 mld Bphs

5 ¢ - 50 mM Bphs

. d- 100 mhd Bphs

" (ohm) 3

Z' (ohm)

The variation of permeation current against timecfgpper metal in 3MHN@solution in the absence and presence
of inhibitors. The inhibitors bring down the perrtiea currents effectively and their correspondipgrcentage are
shown in Table-5. The order of the reduction imnpeation current is same as the order of extertoofosion
inhibition. The reason for the best performanc®plfis is due to enhance cathodic polarization goeater extent
than anodic polarization. So it is found to enhatiheeenergy barriers for the proton discharge wiheeltds to less
permeation of hydrogen through the copper metal

Atomic Force microscopy
AFM is a powerful technique for gathering of ronglss statistics from a verity of surfaces AFM I8dmeing an
accepted method of roughness investigation

Atomic force microscopy provided direct insightdrihe changes in the surface morphology takesepda several
hundred nanometers when topographical changes awitige initiation of corrosion and formation afofective
film on the metal and presence and absence ofitotstrespectively

All atomic force microscopy images were obtainedcagrico SPM2100 AFM instrument operating in cohtaode
in air. The scan size of all the AFM imagestan mx 5 4 mareas at a scan rate of 2.4 line per second.

The two dimensional (2D) three dimensional (3D) ARMrphologies and the AFM cross sectional profde f
polished copper metal surface (reference samptejpper metal surface immersed in 3M HNO3 (blsample)
and copper metal immersed in 3M HNO containing themulation of Bphs are shown in fig (5 & 56, d) (b, €)
(c, f) respectively
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Root Mean square roughness average roughness gmebk —to-valley value;

AFM image analysis was performed to obtain the ayerroughnessRa (the average deviation of all points
roughness profile from a mean line over the @atébn length ) root mean square roughné®g (The average of
the measured hight deviations taken within thelwation length and measured from the mean kme) tree
maximum peak-to-valleyP-V) hight values (largest single peak to valley highfive adjoining sampling hights)
Rq is much more sensitive th&a to large and small hight deviations from the mg.]

Table - 5 is a summary of the average roughnessRRES Roughness (Ra) maximum peak-to-valley he(BIRV)
value of copper surface immerged in different esrvinents.

Table - 5 AFM data of copper metal surface immerseth inhibited and uninhibited environment

Samole RMS(Ra) Roughness AverageRa) MaximumPeak-to-Valley
P (nm) Roughness (nr Hight(nm)Rpv
Polished Copper Metal (Control) 0.019 0.016 0.06300
Copper Metal Immersed in SMHNO 125.19 113.38 431.900
Copper metal immersed in 3HNO
containing Bphs(100 mM) 48.78 4245 166.290

The value ofRq , Ra, Rpv hight for the polished copper metal surface [rfiee sample] are 0.019 nm, 0.016nm,
and respectively, which shows a more homogeneadacguwith some places in where the hight is lothan the
average depth fig(a,d) displays the uncorroded Insetéace. The slight roughness observed on thishgd copper
metal surface is due to atmospheric corrosion.

Fig(5) 2D and cross sectional profiles of AFM imageof the surface
a.polished copper metal
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b. copper metal immersed in3M HNQ_ (blank)
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e. copper metal immersed in3M HNQ (blank)

The RMS roughness average roughnessRmd hight values for the copper metal surface immerse8MHNO;
are 125.19 nm, 113.38 nm, and 431.900 nm respéctikese date suggests the copper metal surfaveiged in
3MHNO; has a greater surface roughness than the poliebtal surface .Which shows that the unprotectegeop
metal surface is rougher and was due to the comasfi copper metal in 3SMHN{ fig(b, e) display corroded metal
surface with few pits.

The presence of Bphs in 3SMHN®@educes thdkq to 48.78 nm from 125.19 nm, and the average roeggiis
significantly reduce 42.45 nm when compared witB.3& nm of copper metal surface immersed in 3MHNQe
maximum peak-to-valley hight also was reduced 16.290 nm. These parameters confirm that the sudppears
smoother, The smoothness of the surface is dueetéormation of compact protective film of Bphs the metal
surface there by inhibiting the corrosion of coppetal.

The above parameters observed for copper metaloanewhat greater than the AFM data is polished Insetéace
which confirms the formation of the film on the mlesurface which is protective in nature.

CONCLUSION

On the basis of the above results the followingctwsion can be drawn.

410
Pelagia Research Library



V. Rethina Giri et al Der Chemica Sinica, 2012, 3(2):402-412

« Results obtained from the experimental date shtxahBphs acts as an effective inhibitor for comasi nitric
acid.

« The corrosion process was inhibited by adsorpifathe organic matter on the copper surface

« Inhibition efficiency increases with increase iretlgoncentration of the Bphs but decrease with iise
temperature.

e The adsorption of Bphs on copper surface from 3MHBNKeys Temkin adsorption isotherm.

 Polarization measurements show that Bphs acts tebeas a mixed type inhibitor.

e The values impedance parameters justify the impegserformance of organic sulphide good corrosion
inhibitor.

« The compound bring down the extent of hydrogen patian through copper in 3M HNO

« The AFM images confirm the formation of protectlager on the metal surface.
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