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ABSTRACT

In the present study an attempt was made, usinficcgnd linear sweep voltammetryto explore the a$feof
Linseed oil extract additive on the electrodepositdf tin on mild steel in acid sulfutic solutiofhe experiments
were performed under different plating time, diéfer additive concentrations and fixed pH conditiofi$n
electrodeposition on mild steel was performed ustndC - supply at defined operating parameters. The
electrodeposition process was sensitive to the gasiin the additive concentration and plating tifRelarization
curves and electrochemical impedance spectroscepyodstrated that corrosion current density decrdaand
charge transfer resistance increased in the presalflinseed oil in the electrolyte bath.

Keywords: Tin, electrodeposition, additive, kinetic, Linseeil

INTRODUCTION

Tin and its alloys are involved in a large rangénalustrial applications including light engineagiand electronics.
An increasing interest or their deep investigatioms been noticed inrecent years due to the health a
environmental concerns especially in electroniaugidy, but in the automotive or decorative platorges as well,
these coatings types being considered as ecologiieahatives to replace lead based solders orehtkromium
decorative coatings [1-3]. Tin and its alloys candlectrodeposited from various electrolytes, iditly aqueous
fuoroborate, sulfate, and methanesulfonate solsitfdf6]. Porous or dendritic deposits are usudilitamed. A lead
compound is often added to inhibit the reductiorthef stannous species and increase the polarizatémtion [4].

To avoid pollution problems, organic additives, surfactants are commonly used to improve the deposi
morphology.

The interest in using natural organic compoundseisause of its availability, cost and effect onghgironment [7-
10]. They pose no detrimental effect on the envitent or hazard to human health.A number of natomgnic
compounds have been identified as good brighteagmnts in tin electroplating. Examples of thesestrires
linseed oil (LSO). These classes of organic comgsware biodegradable and non toxic.

Linseed (also known as flaxseed) is an importahtcap cultivated worldwide for oil and fiber. Itak been
cultivated in more than 50 countries. Canada isntlagor linseed producer, followedby China, Unitedt&s and
India [11]. Linseed contains about 36-40% of odingrally used for the manufacture of paints, vaessinks, soap,
etc. [12,13]. However, in recent time, linseedh@bk becoming morepopular as functional food inhéalth food
market because of their reported health benefilsdisease preventive properties on coronary hésease, some
kinds of cancer, neurological and hormonal dis@dé#,15]. Most of the observed health benefits disttase
preventive properties of linseed oil have beeribatted to their omega-3 fatty acid;linolenic acid (ALA, 18:3)
content. Linseed oil is the richest source of Awhich makes about 55-60% of total fatty acids [Hdwever, this
high content of omega-3fatty acid makes linseechigihly sensitive to heat, oxygen and light [17indeed oil is
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generally getting exposed to heat, light and aimgumechanical press oil extraction. Thereforéegiraction is the
crucial step which influences the quality of lindems!.

Table 1.The systematic (IlUPAC) name, 2D chemical structure of the main constituents of cosmetic linseed oil

The constituent The systematic (IlUPAC) name The 2D chemical structure
- >
Oleic acid (C18:1) (2)-Octadec-9-enoic acid HO
) )
e N
Linoleic acid (C18:2) (92, 12Z)-octadeca- 9,7-dienoic acid
0
palmitic acid C J]\ P Va VAV aNeN
(C16:0) hexadecanoic acid HD Fatyrasy

Stearic acid
(C18:0) octadecanoic acid 05

(92,127,152)-9,12,15-Octadecatrienoic

alpha-Linolenic acid (omega-3fatty acid

AN
0

gamma:L inolenicacid all-cis-6,9,12-octadecatrienoic

(T = ==

MATERIALSAND METHODS

Materials and Solutions

The standard bath compositions and deposition &ondi for Sn deposits are given in
Table 2. The solutions were prepared using digtilater and reagent grade chemicals. The bath ramupe for
electrodeposition was 298 K. The steel sheets hauinexposed area of 1 tmere used as cathodes.Materials used
in this work was of analytical grade. The convemib three-electrode system was used. The potewdal
monitored against a KCl-saturated Ag/AgCl refereatsztrode (0.197 V vs.SHE). A platinum plate gledé was
used as the counter electrode. Prior to each ewpatj the surface of the working was abraded usmgry paper

up to 1500 grade and then being immersed in puraeethand distilled water, respectively, to remawvsy surface
impurity.

Table 2. The bath composition and deposition conditions

Operational condition  Quantity Composition
Anode: Pt - Platine electrode
pH: 1 0.56M HSO

Cathode: steel 0.14M SnSQ@
Temperature ~  -------- 298 K 303 K
Linseedoil 1mL /10mL ethanol bath : 50 mL
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Corrosion study

Electrochemical impedance spectroscopy

The electrochemical measurements were carried singuolta lab (Radiometer PGZ 100) potentiostate a
controlled by Tacussel corrosion analysis softwamsel (Voltamaster 4) at under static conditione Horrosion
cell used had three electrodes. The referenceretectwas a silver chloride electrode (Ag/AgCl). katmum
electrode was used as auxiliary electrode of sarfea of 1 cf The working electrode was carbon steel. All
potentials given in this study were referred t tiiference electrode. The working electrode wasdrsed in test
solution for 60 minutes to a establish steady stgten circuit potentialHocp). After measuring th&ocp, the
electrochemical measurements were performed. Atiteichemical tests have been performed in aesatetions
at 303 K. The EIS experiments were conducted irfriguency range with high limit of 100 kHz andfeitnt low
limit

0.1 Hz at open circuit potential, with 10 points pecade, at the rest potential, after 60 min af aomersion, by
applying 10 mV ac voltage peak-to-peak. Nyquistploere made from these experiments. The best selmican

be fit through the data points in the Nyquist plsing a non-linear least square fit so as to dieeittersections
with thex-axis.

The inhibition efficiency of the inhibitor was calated from the polarization resistances valuesgugie following
equation:

Nes %=%X10C (1)

P
where R and Rp are the polarization resistances in the presemd@bsence of additive, respectively

Potentiodynamic polarization

The electrochemical behaviour of the substratethaedoatings in inhibited and uninhibited solutivas studied by
recording anodic and cathodic potentiodynamic [ddion curves. Measurements were performed irgéh&laCl
solution containing different concentrations of thsted inhibitor by changing the electrode postrautomatically
from -1200 to 100 mV versus corrosion potentiad atan rate of 1 mV's The linear Tafel segments of anodic and
cathodic curves were extrapolated to corrosion ni@leto obtain corrosion current densitids,f). From the
polarization curves obtained, the corrosion cur(gpt) was calculated by curve fitting using the equatio

| =1 {exp( 2"%Ej - ex{ﬁﬂ 2
B, B,

B, andp. are the anodic and cathodic Tafel slopes/ids E-E,,.

The inhibition efficiency was evaluated from theawered ., values using the relationship:

”Tafel% = I corr o_ I corr X 100 (3)

corr

where,|”and|' are the corrosion current density in absence aesepce of inhibitor, respectively.

* " corr corr

RESULTSAND DISCUSSION

Stationary Curves voltage-time

Figure 1 summarizes the voltage-time curves obthinghout (Fig.1a) and with (Fig.1b) additive different
current density. The results show that the additsigft the reduction potential to more cathoditeptal at a given
current density. This is due to the adsorptionhef additive on the surface of the electrode [18-Z0F apparent
increase in voltage (decrease in absolute celagelt over time is at first attributed to the furtkactivation of the
anode and the covering of the steel cathode withatid later the result of a reduction of currentsity at the
surface which gets rougher with time as the plé&gdr grows with time [21].
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Figure 1. Chronopotentiometric curves without (a) and in the presence (b) of linseed oil additive

Cyclic voltammetry analysis

The cyclic voltammetry curve of the additive-frée @and in the presence of additive solution witbcan rate of 25
mV/s is shown in Fig. 2. It could be seen that LS§®w lower than that observed in additive-freeatione. The
depolarization caused by them offsets the effedtS® in modifying the nature of deposits. Theseitades show
cross over in the reverse scan indicating the poeseof three dimensional nucleation which is respiifor

producing coherent, compact deposits unlike thadiditive-free tin [22].
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Figure 2.Voltammetry cyclic with and without linseed oil additive at 25mv/s

On the other hand, It can be seen that the stamedustion process is a single two-electron stemfthe stannous
ion to metallic tin:

Sit*+2¢e - Si (4)

The tin electrodepositing starts at a nucleatiotemiial of -0.55 V approximately, via an abruptriggse in current
density, as the deposition potential moves nedatiggvay from the equilibrium potential. Upon revecs the

potential sweep from -1.2 to 1.2 V, a single oxiolatpeak is observed at -1 V. This confirms a srglo-electron
oxidation step from metallic tin to the stannous &cording to the reverse of reaction (1).

The result show that ,the presence of linseeddiitwe has an appreciably positive effect in lendg the tin
oxidation process, and hydrogen gas evolution wAK as stripping peak is much sharper [23,24]erEfore, a
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bright and smooth tin deposit, with fine crystaliit can be obtained by adding an appropriate anufiendditive
[25].

L SO concentration effect on stannous reduction

The cathode polarizations were measured in the Isaition (Table 2) with various linseed oil contrations with
a scan rate of 5mV/s (Fig. 3).The results show tivateffect of the additive appeared only from QL3and when
the LSO concentration is increased more there i ehthe curve, sothe additive significantly deases the
reduction current at a given potential. This is du¢he adsorption of the additive on the surfatéhe electrode
[7,12,13]. On the other hand, the hydrogen gas utieml is more hindered with increasing of linseed o
concentration. It appears that parts of the surfmmme shut down to tin deposition, presumablytdute high
concentration of adsorbed blocking additive, ad a®the formation of whiskers became very limited.

" /
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Figure 3. Cathodic polarization curves of the basic solution with various concentrations of linseed oil

To determine the effect of linseed oil on the augtirate, varying the current density applied by the
chronopotentiometry method for 10min, and calcottithe ratio of the electrodeposition of tinwithdan
withoutlinseed oil. The results are showing in figd.
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Figure4. Current density effect in electrodeposition rate with and without additive
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The results show that the presence of additivelsiéntes the rate of deposition [25]. Thus, it'sacl¢hat an
enormous difference and an improvement of the mddeposition rate in the presence of linseed oditaa
comparing with the case without additive, and titet electroplating rate generally increases wittréasing of

current density (Fig.5).This result can be expldilgy the adsorption of additive at the electrodefase and
blocking mechanism [26].
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Figure 5 .Additive concentration effect on electrodeposition rate

Polarization measurements

The polarization curves of ordinary steel substratated and uncoated tin electrodeposited with &itdout
additive in 3% NacCl after one hours of immersioa presented in Fig. 6. The examined deposit coatiifted the
corrosion potential () towards more anodic potentials. This shift iswthtbmV/E,,, and 85mv/k,, respectively
for without and with additive. As shown in the Tabk,,, shifts toward slightly more positive values thigedo the
possible formation of a thin passive film on thetaliee surface, which may enhance protective chergstics. In
the cathodic and anodic range, the Tafel slopeg wkanged by the coating. These results furthefirozed that
these coatings can be used for corrosion proteetpplication in salty environments. No passivitpdency was
observed in the measurement range, which is censistith the work of Mimani and Mayanna [27].Variou
corrosion parameters such as corrosion currentitgefls,,), corrosion potential (&), Tafel slopes [{, and
Bo),efficiencies {ra:%0) are given in Table 3. The results showed thatvialues in presence of additive decreased
compared with blank solution and electrode coated.

(mA/cm?)

—=— Blank solution
Sn coating without additive
10—3 | —%¥— Sn coating with additive

-1,2 -1,0 -0,8 -0,6 -0,4 -0,2 0,0 0,2

E (V/Ag/AgCl)

Figure 6. Polarization curvesobtained in 3% NaCl for the Blank substrate and for electrodeposited Sn coating without and with additive

290
www.scholarsresearchlibrary.com



A Benabida et al Der Pharma Chemica, 2014, 6 (6):285-293

Table 3. Corrosion parameter s obtained from polarization measurementsfor mild steel in NaCl 3% at 303 K

Ecorr Icorr ﬁa ‘Bc 0/ )

(mV/AgQ/AGCI)  (uA/cm?)  (mV /dec) (mV/dec) Nratel (%

Blank -559 280 121 121 -
Sn coating without additif -518 28.7 72 274 89
Sn coating with additif -482 23.01 164 560 92

Electrochemical impedance measurements

Impedance measurements were performed in the fnegjuange 100MHz to 10 mHz with a.c. amplitude @fmV.
Various impedance parameters like polarizationstasce (B, solution resistance (R double layer capacitance
(Cq) are determined. Figure 7 shows the experimerattal df Nyquist diagrams, which are obtained aftex bour
of immersion in neutral media for ordinary steebstuate coating and uncoating tin electrodepositigth and
without additive.

900

= Blank
®  Sn coating without additive
750 |- *  Sn coating with additive
600 |-
o~
g 450
N 300 - P
1 * * *
* *
::. LICRCI Y "
150 |- ‘: .'. * *
,’ . *
0 150 300 450 600 750 900 1050
Z_ (Wem?)

Figure 7.Nyquist diagrams for blank solution, tin coated with and without linseed oil additivein NaCl 3%

In the absence of tin coating, the plots consisbié semicircle which may be devoted to the respaisa

combination of resistance transfer,jRnd capacitance ({. In the presence of tin coatings with additiree plots

consist of two semicircles: the first which is lted between 100 kHz and 100 Hz (at high frequemesy be

attributed to the adsorbed film, but the second isrtbe response of charge transfer resistancel Ris resistance
increases in the presence of additive. These cotsmere reported in the study of the Ni-P alloyaaid media by
other authors [28]. They attributed the first Idopthe capacity of an adsorbed film which is du¢hi oxide layer
formation. From the Table 4, we can say that tlectedbdeposition of tin coatings with additive impeothe

corrosion resistance of mild steel in neutral media

Table 4. Polarization resistance, capacitance and inhibitor efficienciesfor mild steel in NaCl 3% at 303 K, obtained using electrochemical

impedance method
Rs Ry G Cu Rt Rp Neis
(Qcm?) (Qcm?) (UF/lecm?) (uF/lcm?) (Qcm2?) (Qcm?) (%)
Blank 10 201 175 165
Sn coating without additive 6 696 571 565 71
Sn coating with additive 7 368 73 521 775 1143 86

The equivalent circuit proposed to fit the expermtaé data is shown in Fig. 8. It consists of elelgtic solution
resistance Rconnected with two time constants. The model sebdaon the circuits mostly used in the literatune f
simulation of the kinetics of alloy corrosion preseand the protective properties of surface carsroproduct layer
[29-32].

The Bode plots of the coating show two phase maxiwlsich indicate the presence of two time constants
representing the electrode processes. The impediataavere analyzed using the Volta Master 4 soétweovided
with the impedance system where the dispersiondtaiwas used. For a simple equivalent circuit magelsisting
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of a parallel combination of a capacitog,@nd a resistor, & in series with a resistor, Rs, representing theti®n
resistance, the electrode impedance, Z, is repieséry the mathematical formulation:

— R
=R {{h <2nprcd.>”}}

Where o denotes an empirical parameter<Qx < 1) and f is the frequency in Hz [33,34]. To acdofor the
presence of a passive film, the impedance data amaé/zed using the equivalent circuit model shamvirig. 8
where R = solution resistance,;R= charge-transfer resistancey € double layer capacitanceyR passive film
resistance, and £= passive film capacitance.

Ca

R

Cor

R,

Rpr

Figure 8. Equivalent circuit used to simulate the electrodeposited Sn impedance spectrum in 3% NaCl
CONCLUSION

The electrochemical behaviour of Sn(ll) was studiredulphuric bath with linseed oil as additive2®3 K using
mild steel working electrode. The effect of proceasiables such as electrodeposition rate, curdensity, and
additive concentration, were investigated. The lteshow that the electrodeposition rate increasl increasing
current density. The best value is 20mAicifihe use of additiveimproves the quality of tirpdsition and good
result is registered at 1mL. The characteristicgbiin reduction is observed at 0. 14M tin concatibn. The cyclic
voltammetry results show that the reduction of 8ntd Sn is irreversible and it Proceeds via a-step two
electrons transfer process.The testing of corrosésistance with polarization curves, electrochamimpedance
spectroscopy confirmation that the electrodeposiBed obtained with linseed oil presented a bettarosmn

resistance. The improvement in corrosion resistana@aused by the compact microstructure and teeepice of
linseed oil additive in the coatings incorporatedtinly the electrodeposition process. This additiwald favor the
formation of a passive film that is more resistanthloride attack and therefore increases theosmm resistance.
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