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ABSTRACT

The change of impedance of the passive, repassatesstogether with initial pitting
process of eutectic Sn-Bi alloy is studied. Anqgalidarization measurements were performed to
evaluate the passive, pitting, and repassive statelsthe actual results used to assure the
accuracy of the impedance results. X-ray photoelacspectroscopy indicates that Sn oxides
interact with Bi oxides to form a passive film. THissolution of Bi results in the initial pitting
and Sn oxides form the repassive film.

Keywords Sn-Bi alloy, corrosion, electrochemical reactiorelectrochemical impedance
spectroscopy.

1. INTRODUCTION

Potentiodynamic polarization is a surpassed teglanfor investigation of passive, pitting
and repassive phenomenon. However, it is not plessibobtain impedance information with
these polarizations. Electrochemical impedancetspsopy (EIS) is a recommended method to
study passive layer breakdown phenomenon [1 - 3jfottunately, the initiation and
development states of pits are not stable procesdesrefore, methods such as dynamic
electrochemical impedance spectroscopy (DEIS) Hmeen used to study the aforementioned
states in the stable range of potential [4 - 6]isTimethod detects and analyzes an
electrochemical response at the interface whiclkctions as both frequency and electrode
potential. The DEIS results acquire both impedamee current densities as functions of the
potential in a potential scan, suggesting that giassible to evaluate the interrelated processes i
case of non stationary interface between film aetah]7, 8]. Thus, the interest and importance
of the passive, pitting and repassive phenomenauyests the development and practical
application of the methods as the need of the hoorder to analyze the defined states. In the
case of passive, pitting, and repassive statefuthempedance spectra could be procured and
evaluated.

Eutectic alloys are the basis of engineering maltedue to the relationship between the
microstructure and the solidification conditionshioth scientific and technological reasons [9 -
15]. Sn-Pb alloy is a common materials used in stall solder materials. However, Lead is
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dangerous to the environment and human healthiasiitighly toxic element [16]. Therefore,
design and development of lead-free solder appiatse of prime importance in material
science with the intention of being affable withvieonment. Eutectic Bi-42Sn solder is a
potential alternative for Sn-37Pb solder that ipliad in consumer products [17 - 21]. The
current assembly material set could be retaineti@snelting temperature of Bi-42Sn solder is
139 °C [22]. In this paper we present the resultimpedance investigations under potential
applied to eutectic Bi-42Sn alloy which has notrbawestigated till date as of our knowledge.
This method of impedance measurement realizatiomtinly pronounced but also novel and
determine a potential for passive, pitting, andassve corrosion investigation.

2. EXPERIMENTAL

The eutectic sample (Bi-42 wt.% Sn) was preparnganblting the weighed quantities of
highly pure Sn and Bi (> 99.99 %) metals in a grgpbrucible in a vacuum melting furnace.
The corresponding elemental distributions were odegk by electron probe microanalysis
(EPMA) after polishing with 0..um alumina powder. All of the electrochemical expemts
were performed at room temperature by immersingogzsrin 0.10 M NgCO; with 0.00, 0.26,
and 0.60 M NacCl additives in solution. In this d@a, the CI ion additives induce pit initiation
but the C@ ion additives retard the incorporation of @ns into the oxide film on the alloy
surface so that they practically impede pit initiat The specimens for electrochemical tests
were prepared by grinding with 600-grit siliconlide paper. The exposed area was 1.7 Am
graphite counter electrode was used, with a sadire@lomel electrode (SCE) as the reference.
Anodic polarization was performed using an EG&G PAR3A potentiostat for DC
measurements. Prior to the anodic polarization testsamples were immersed in the solution
for 3 h in order to stabilize the open-circuit putal (OCP). The potential of the electrodes was
swept at a rate 0.166 mV/s in the range from tit@irpotential of corrosion potential (&) to
1600 mVsce The dynamic electrochemical impedance spectrgsameasurements were
conducted using a VMP2 system with a commercialsaot program for the AC measurements.
The potential step was 10 rgy¢ and amplitude of the sinusoidal perturbation wasyiv. The
frequency range was from 100 kHz to 10 mHz. Tesigeveonducted in the range from initial
potential of -400 m¥ce to the final potential of 1600 ny¢z The surface films in the OCP,
passive, and repassive states were examined by Bhatoelectron spectroscopy (XPS) after 3
h OCP, and stable passive and enriched repasknee fi

3. RESULTS AND DISCUSION

EPMA analysis was performed to determine the eleéaha@istribution of Bi and Sn in the
microstructure as shown in Fig. 1. Bi and Sn elegmare found to be alternately enriched in the
microstructure. Overall, the microstructure inclddevo primary a grain surrounded by a
eutectic mixture of Bi and Sn.
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Figure 1.EPMA mapping of alloying elements on the surfatthe Bi-42Sn alloy.
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Figure 2.Anodic polarization curves of Bi-42Sn alloy asuadtion of chloride concentrations
in 0.1 M NaCO; solution.

The anodic polarization curves for the Bi-42 wt % &e shown in Fig. 2. The 0.00 and
0.26 M NacCl additive condition were well passivateith a low passive current density and the
range of the passive potential increased with @eimg chloride concentration in solution. A
decrease in the passive potential range and aeaserin passive current density were observed
with increase of chloride concentration in solutchre to the breakdown of passive films.

Figure 3 shows the Nyquist plots obtained from DBfBi-42Sn alloy in NsCO; with
0.00, 0.26, and 0.60 M NaCl additives. The impedarfcthe alloy specimen in solution without
chloride additive showed much larger impedance than in solution containing chloride and
decreased with increase of chloride concentra#osuccessive change in the shape of each
impedance state with potential is shown in the rdiag For the initial potentials, the impedance
spectra shows the formation of semicircles whiandases with increasing potentials, indicating
an enriched passive film. Initially pitting was ebpged due to the sudden drop of impedance at
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467 and -100 my¢e for alloy in solution containing 0.26 and 0.60 M@®I. At higher potential,
impedance started to increase and retained theaftmmof semicircles due to repassivation,
while at the final potentials the impedance de@damgain and take the form of capacitance,
suggesting that the repassive film was fully brokkmwn. Lower impedance, earlier pitting
initiation and fully broken down of passive film svabserved at higher chloride concentrations.

DEIS results indicated that the electrochemicatesses correspond to the results of the anodic
polarizations.

Figure 3.Variation of the impedance spectra of Bi-42Snyalls a function of potentials in 0.10 M
N&aCO; with (a) 0.00, (b) 0.26, and (c) 0.60 M NaCl adldis.
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Figure 4.Equivalent circuit model for fitting of: (a) thedmkdown film and (b) the film formation on
Bi-42Sn alloy surfaces.
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The electrochemical response to the impedance ftastee materials under consideration
was best simulated with the equivalent circuitsolibare checked by ZWimpWin program.

The results shows that{(RPE;R.) in Fig. 4 (a) is an equivalent circuits that uded
fitting the breakdown film, while RCPE;n(Ram(CPEjR:))) in Fig. 4 (b) is suitable for fitting
the passive and repassive film, whererépresents the solution resistance, CPE - thetaoins
phase element, R the polarization resistanceg;R- the film resistance, and.R the charge
transfer resistance. The high-s(3 and low- (R) frequency resistance components were
affected by the Cladditive. In this case, the capacitor was replacigld a CPE to improve the
fitting quality, where the CPE contained a doulalgelr capacitance (C) and phenomenological
coefficient (n). The n value of a CPE indicatesntsaning: n = 1, a capacitance; n = 0.5, a
Warburg impedance; n = 0, a resistance and n aninductance. In the present study, n was
consistently maintained near 0.8, as a resultefi#tviation from ideal dielectric behavior.
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Figure 5.XPS peak analysis for the surface films at diffi¢istates of the Bi-42Sn alloy (a) survey scan
spectra.
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Figure 5.XPS peak analysis for the surface films at diffiéitates of the Bi-42Sn alloy: survey scan
narrow scan spectra of (b) Sn, (c) Bi
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Figure 5.XPS peak analysis for the surface films at difféigtates of the Bi-42Sn alloy: survey scan
spectra and narrow scan spectra (d) O.

The surface films in the OCP, passive, and repassitates were examined by X-ray
photoelectron spectroscopy after 3 h OCP, stabssiyation and enriched repassivation as
shown in Fig. 5. It indicates that the peaks of &1, and O exist. The binding energy of Sn
3d3/2 and Sn 3d5/2 was around 494 and 485 eV, ateply. The presence of Sn
oxides/hydroxides on the surfaces indicates thatSh oxides/hydroxides are present in OCP,
passive and repassive states. Moreover, these i8asosould be observed at repassive state as
the highest peak. No Bi products were obtainedhénrepassive state, suggesting that Bi had no
contribution in this state, while Bi oxides/hydrd&s were detected in OCP and passive states as
shown in Fig. 5 (c). In addition, Fig. 5 (d) indiea that the O 1s spectra were composed of three
peaks corresponding to the signals from oxygemwimfof the oxide around 530 eV and oxygen
in the hydroxyl groups around 531 eV and 533 e\& R#PS result indicated that passive film
was formed as a result of an interaction of Sn exiavith Bi oxides which plays a most
significant role in improving the surface film ofi-B2Sn alloy, whereas Sn oxides result in
repassivation.

A model for the mechanism (in Fig. 6) of the coivesdamage of the alloy can be described
with the following three processes: (1) The firgpsis the formation of the passive film in a
specified solution due to the formation of pasdilra by Sn and Bi oxides interaction. (2) At
the weak points on the passive surface, where Rildvbe diffused which causes the initial
breakdown of passive film as it exceeds the ciitgtability of the passive film in chloride
environment. (3) As soon as passive film was brakamn, repassivation would be initiated due
to the formation of stable Sn oxides which promeoggmssivation of alloy surface.
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Figure 6.Schematic figure of corrosive processes of Bi-4aByy in 0.1 M NaCO; solution containing
chloride.

4. CONCLUSIONS

This paper reports the advantage of the DEIS faméning the surfaces in terms of the
passivation state, initial pitting process as veslithe repassivation state. Excellent agreement
was observed between the DEIS and the anodic palem. In addition, the films components
of the indicated alloy were also identified in BEP, passive, and repassive states. The results
suggest that the Sn and Bi oxides interact to fpamsive film, while Sn oxides cause the
formation of the repassive film. In addition, it svaonfirmed that dissolution of Bi could cause
the initial pitting.
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TOM TAT
NGHIEN CUU CAC QUA TRINHAN MON CUA HOP KIM EUTECTIC Bi-42Sh HAN
Nguyén bang Nam
Khoa Diu khi, Terong Pai hoc Dau khi Vet Nam, Thanh phiBa Ra, Vit Nam

Email: namnd@pvu.edu.vn

Bai bao nghiénieu é sy thayddi tré khang trong tng thai thi dong, tai thi dong va quéa
trinh bit dau an mon b cia hyp kim eutectic Sn-Bi. Riong phap phanue arbt duoc s dung
dé danh gia tang thai thu dong, an mon b va tai thh dong dong thoi két qui nay ding dugc Sr
dung dé dam bao do chinh xac @a phépdo dién tré khang quang gh P quangdién tir tia X
cho tHiy oxit thiéc trong tac i oxit bitmut o thanh &p mang th dong aia hyp kim. Bitmut
phan tiy gay ra qua trinn mon b va oxit théc hinh thanhdp mang tai th dong.

Tir khoa:hop kim Sn-Bi,an mon, pln ing dién héadién tro khang quang ph
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