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Abstract

The electrodeposition of tin in presence of tagtrabns has been analysed by
electrochemical techniques, mainly chronoamperomednd by scanning electron
microscopy (SEM). The obtained values of nucleussite with both techniques have
been compared and discussed. The electrodepogpitimess follows an instantaneous
nucleation with 3D growth under diffusion controltihe initial times of the process, but
a second nucleation process occurs at higher tifies.influence of tartrate and of
agitation conditions is also inferred from the ¢aysnorphology.
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Introduction

Tin has been generally applied as a coating to fnparrosion resistance,
enhance appearance or improve solder ability. Tisenecreasing interest in tin
used as a substitute for conventional coatings][thetause it has much less
environmental impact. Recently published studies @m and tin-alloy
electrodeposition, focus on the influence of eithaditives, bath compositions or
plating variables [5-14]. In a previous paper [1iBE general voltammetric and
chronoamperometric characteristics of tin electpod#ion from sulphate-
tartrate baths was reported. In this study, theteddeposition of tin from a bath
with slightly different composition is reported ngi potentiodynamic and
potentiostatic electrochemical techniques and sngnelectron microscopy, in
order to analyse the deposit morphology and theslgpn mechanism.
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Experimental

The electrochemical measurements were performadhnee electrode cell using
a vitreous carbon electrode as working electrodea&0.031 cr), a platinum
wire as counter electrode and Ag/AgCI/KCI (3 M) esference electrode,
inserted in a Luggin capillary. All potentials refea in the text are referred to
this electrode. An AUTOLAB PSTAT20 was used as pbostat controlled by a
microcomputer. Voltammetric experiments were carrieut at 50 mV s,
scanning at first to negative potentials. Only onyele was run in each
experiment. Chronoamperometric experiments weneecbhout by stepping from
an initial potential of —200 mV to the selectedafipotential.

After the electrochemical deposition of tin, theattode was removed from the
plating solution and rinsed with Millipore pure wat The deposit morphology
was examined using a Jeol Cambridge L-120 scarglamron microscope. The
presented SEM images were obtained at amplificata?000 and 6000, and a
metric bar is also present in each figure.

Chemicals used were SngQartaric acid (GHeOg), sulphuric acid, sodium
hydroxide and Ng5O, analytical grade. All solutions were freshly pregghwith
water, first distilled and then treated with a Mitire Milli Q system. The bath at
pH=4 contained N&O, 1 M as supporting electrolyte and tartaric acit?M as
chelating agent; the pH was adjusted using sodiydrdxide. In all cases the
SnSQ concentration was 0.02 M. Before each experiméget golution was
deaerated with argon. The working electrode wassipedl mechanically before
each run with alumina powder of 3.75 and 187 and followed by a short
electrochemical conditioning. The experiments wedormed at 25 °C.
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Figure 1. Voltammetric curve at 50 mVsfor the solution 0.02 M SnSQ1 M
NaSOy, 0.12 M tartaric acid and pH=4.
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Results and discussion

Voltammetric results

Fig. 1 shows the voltammetric response of tin ebelgposition in a sulphate-
tartrate bath. The characteristics of the curven@de with those previously
reported in slightly different conditions [13]. Tleéctrodeposicion process starts
at around -680 mV and in the reduction scan twkpeae clearly observed, at
around -810 and -1035 mV. On the other hand, inathedic scan a principal
peak occurs at around -475 mV, followed by a sheuldt more positive
potentials.
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Figure 2. a) Chronoamperometric curve for solution 0.02 M6§,, 1 M NgSQ,, 0.12

M tartaric acid and pH=4. The potential step transwas made fromE-300 mV to
Es=-750 mV. b) Inset: log i versus log t plot. c) pdd i versus 2.
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Chronoamperometric curves and SEM micrographs

Fig. 2a shows the intensity current-time, i-t, @recorded for the corresponding
electrodeposit without agitation at a potentiak®0 mV. In order to elucidate
the possible mechanism of the electrodepositiocgs®, several analyses have
been done. The induction time has been considerdtkianalysis, but it is zero
in the reported experimental conditions. At firdte plot of log i versus log t
(Fig. 2Db, inset of Fig. 2a), for the initial paftthe chronoamperometric curve, is
linear with slope close to 0.5. This slope valueregsponds to an instantaneous
nucleation (IN) with 3D growth under diffusion coolt This mechanism is also
confirmed, at the initial part, with the non-dimamsl plot [15] of (i/i,)* versus
(t't,), see Fig. 3, wherg,iand t, are the current and the time at the maximum in
the chronoamperometric curve. This mechanism coascwith that reported in a
previous work [13] with different experimental caotnohs. At longer times,
especially t>t, the experimental curve separates from the thieateturve for an

IN 3D growth under diffusion control (Fig. 3), aatko the i-t transient does not
follow the t“* dependence of the Cottrell equation for a diffosiegime. This
behaviour has been observed in other depositiomepses [16]. This fact
indicates that a kinetic control must also be aber&d in this part [16].
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Figure 3. Non-dimensional plot (if)? vs. (t/t,) for the i-t curve of Fig. 2.

From the slope in the plot of Fig. 2c and the eigmat [13,15,17-19], it is
possible to obtain the nucleus density N

1/2 (1)
i=kt?  with k=pzF W (Dc)**N" A
r

where M is the atomic weight of tin,is the solid density, and A is the surface
electrode area. In our case, M=118.69 g okE7.3 g cnt, z=2, F=96485
C/mol €, ¢=2x10> mol cnmi®, D=1x10° cnf s* [13], and A=0.031 cm
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Substituting these values and the determined vefuk=3.8x10°> A s in
equation (1), it is obtained that ®L.8x10 cmi®. A similar value of N is
obtained from the set of equations 2 of the nonetisional analysis [15] for a
IN 3D process under diffusion control, replacing #xperimental values of; t
and jp.

? (2
L2904 63gaFDeAN ¥2 N =009 ZFCA
N pkD k it
1/2
ke 8ocM
r

Fig. 4 shows the non-dimensional plot for otherezkpental conditions, which
present a good agreement, also in the initial paith a IN-3D process under
diffusion control. For these experimental condisipthe values of Nobtained
from equations 2 also agree with those obtainedigusguation 1. The values of
N’ calculated with equation 1 for the experimentsesponding to curves 4b and
4c were reported previously [13]. For the experitremresponding to curve 4a,
the obtained value of Ns 2.3x10 cmi®,
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Figure 4. Non-dimensional plot for the i-t curves of thelldwing experimental

conditions: a) solution 0.02 M SngQ0OL M NaSQ,, 0.12 M tartaric acid and pH=4,
E4=-800 mV; b and c) solution 0.01 M Sn§©.9 M NaSQ,, 0.2 M tartaric acid and
pH=4, b) E=-800 mV, and c) -850 mV.

Fig. 5 shows scanning electron microscopy (SEM)gesaof the obtained
deposit without agitation at a potential of -750 mihe SEM image shows the
presence of big crystals and also other smallestaly. This fact seems to
indicate that a second process of nucleation tples in the electrodeposition,
which could be responsible in part of the deviatutserved at higher times in
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the analysis of the i-t curves respect to the INBEchanism (see Fig. 3). The
nucleus density obtained from the SEM micrograpid eonsidering only the
bigger crystals, is approximately 2.8%1€m? This value is still much higher
than that obtained from equation 1. A similar d#p@ancy was observed by one
of the authors in the electrodeposition of Hg on [BB] using both
electrochemical and light scattering techniquessrehhe nucleus density values
obtained by light scattering at higher overpotdstiaere higher than those
obtained by chronoamperometry. A possible factortiics disagreement could
be in the value of the diffusion coefficient D. bigithe following equation (3)
for the non-dimensional analysis of the chronoampetric transients [15], it is
obtained a lower value of D=3x%@nt s™.

i2t, =0.1629zF¢)’D 3)

This lower value will be in agreement with the fétat tin ions are complexed
by tartrate anions. Introducing this new value ofirDequations 1 and 2, the
resulting value of Nis 1.1x16 cm?, a value closer to that obtained by SEM. The
remaining disagreement can be attributed to thectffof heterodispersity and
overlap and also to uncertainty in the calculatdmN from the current transient
at short times, because equation 1 for high vatfids only applies at quite short
times. Also, the presence of hydrogen evolutionlcadifficult the correct
application of the previous equations. This poes been discussed by Oskam et
al. [16]. These authors have found that a signiticiscrepancy exists between
N* values determined from SEM and the current tiemtsat potentials where
hydrogen evolution proceeds, and that the elecénmatally calculated nucleus
density would be underestimated by a factor 1&airtsystem. In our system we
have also observed an important hydrogen evoluf@®], which can be
responsible for the observed discrepancy. Theseregiancies between N*
values obtained from different methods are not gdwramarked in the published
papers. For instance, we have calculated the Nfegafrom SEM images in the
paper of Marquez et al. [21] and also an importhssigreement results between
these values and those reported using the curransiénts, being the later
between one and two orders of magnitude lower.

Deposits obtained without agitation (Fig. 5) preserystals of well defined

morphology, some of them elongated with the charatic tetragonal

morphology of tin crystals [14]. Deposits made wibitation (Fig. 6), at the
same deposition potential and deposition time, garedigger crystals, not so
elongated as those without agitation (Fig. 5), andnost of the cases the big
crystals show coalescence (Fig. 6B). The same teflae to agitation was
observed in the presence of gluconate [14].

The occurrence of secondary nucleation processasasevident in SEM images

of deposits obtained at longer times, Fig. 7 and'tds phenomenon is more
important in no agitation conditions (Fig. 7) tharpresence of agitation (Fig. 8).
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Figure 5. SEM micrographs of deposits obtained at -750 m¥ 40 s without agitation
for the solution indicated in Fig. 2 (Q=1.4 mC).dge B is obtained doing a zoom in
the zone of image A.
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Figure 6. SEM micrographs of deposits obtained at -750 md 40 s with agitation for
the solution indicated in Fig. 2 (Q=5.6 mC). Imdgjés obtained doing a zoom in the
zone of image A.
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Figure 7. SEM miérographs of deposits obtained at -750 nmd 400 s without
agitation for the solution indicated in Fig. 2 (Q&2nC). Image B is obtained doing a
zoom in the zone of image A.
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Figure 8. SEM micrographs of deposits obtained at -750 m§f 800 s with agitation
for the solution indicated in Fig. 2 (Q=14.0 mQpage B is obtained doing a zoom in
the zone of image A.
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