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FHom Aadc Gluconate Baths
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Tin metal has been electroplated from baths containing
stannous sulfate, sodium gluconate and potassium sulfa
onto steel substrates under different conditions of bath
composition, pH, current density and temperature. A

Sayyah & M.M. El Deeb

(polyoxy ethylene) octadecyl amine in stannous sulfate solu-
tetion induces a uniform deposition of tin over the whole
surface and produces smooth and compact electrodeposits.
Fine-grained and smooth deposits were obtained from acid

detailed study has been made of the effect of these paramstannous sulfate solutions containing some kinds of aromatic

eters on potentiodynamic cathodic polarization, cathodig
current efficiency, microstructure and morphology of the
deposit. The throwing power of these baths has been exar
ined under the effect of these parameterd.he presence of]
gluconate ions in the bath improved the quality of the
deposits and the throwing power of the bath. The deposit
consisted of one phasg{phase) with tetragonal structure.

Tin is soft, ductile and corrosion-resistant in a variety
atmospheres and easily solderable. It has an attractiv
pearance and is non-toxic in contact with foodstuffgen-
sive studies were carried out, therefore, to obtain tin ele
plates suitable for the above purposes from acidic stan
sulfate!2sulfamaté fluoboratetand alkaline stannate bath

Tin electrodeposits obtained from acid stannous su
baths are coarse-grained, non-adherent and porous,
formation of dendrites and whiskéréddition of certain

ketones It was found that these organic compounds were
adsorbed on the cathode surface and enhanced the
n-overpotential.

The aim of this study was to develop baths from which tin
metal could be electrodeposited from gluconate solutions.
s The advantage of these baths is not only their cheapness, but
their non-polluting effect on the environment as well. In this
study, the effects of some plating and operating variables on
¢iie characteristics of the plating, the quality of the deposits
e & the throwing power of these baths were investigated.

CtEperimental  Procedure

n@xperiments were carried out in solutions containing NSO
5.C,H,,0,Na and KSO,. All solutions used were freshly pre-
fasared with doubly distilled water and from analytical grade
whbmicals. The pH was adjusted using sulfuric acid or sodium

hydroxide. The experimental set-up used has been described

organic molecules to the stannous sulfate electrolyte, hqweviously®> and consisted of a rectangular Perspex cell

ever, improves the quality of the deposits. Compact, sm
and fine-grained electrodeposits are obtained from acid

nous sulfate solutions containing various surface ad
agent$® and aromatic carbonyl compourfd$.Aragon et

al.’2 studied the electrodeposition of tin from stannous

baths in the presence of polyethoxylate surfactant. It
found that the additive causes a substantial increase i
overpotential for the discharge of'3ions. The deposits a
smooth, homogeneous and no growth of whiskers was
served. Kanenlet al*® found that the presence of N,N-4

— & (B0} =
— b (&2 /
oy | | —— € [Sn-3)
i o (Snes) | "
sl ! &
. | y
t o
b S !.f'dl
i 4 5] | Qi)
E we. SCE, WV

Fig. 1—Effect of concentration of sodium gluconate on the potentiodyn
cathodic polarization curves for tin electrodeposition at T =81 with
scan rate of 25 mV/sec.
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opitvvided with a plane parallel steel sheet cathode and a
stpfatinum sheet anode. Each electrode was 3 x 3 cm and filled
tikee cross section of the cell. Before each run, the cathode was
mechanically polished with 600-mesh emery paper washed
AcMdth distilled water, rinsed with ethanol, dried and weighed.
WEHIse experiments were conducted at the required temperature
n£heC with the help of an air thermostat. The plating duration
ewas 15 min; at the end of that time, the cathode was with-
dipawn, washed with distilled water, dried and weighed. X—
igay analysis and the morphology of the deposits were exam-
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arhig. 2—Effect of concentration of SnS@nh potentiodynamic cathodic

polarization curves for tin electrodeposition at T = &1, with scan rate of

25 mV/sec.
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i | ‘ o gluconate ions in-

; L e s crease the cathodic
i S ¥ s polarization and de-
/ E i crease both the peak
. .. | = x rd and the limiting cur-
el isias e rents. These changes
- S increase with increas-
- ing gluconate content
& in the bath as indicated
B by curvesb-dinFig. 1.
— - ; i . 1 _ This inhibiting effect
HE] i) =R 1] 10 .2 i 1.8 n 4] L 3 4 1a L H
i g oY of gluconate ions on

. _ ~ the deposition of tin
Fig. 3—Effect of pH on potentiodynamic cathodic polariza-Fig. 4—Effect of temperature on potentiodynamic cagqyld be ascribed to

tion curves for tin electrodeposition at T = 3C, with scan  thodic polarization curves for tin electrodeposition from . .
rate of 25 mV/sec. bath (Sn-9) with scan rate of 25 mV/sec. the formation of tin

complexes. In an
acidic medium, Sfi

ined by X-ray diffraction using a diffractometer with Ca K ionis present mainly as the [SitG,O.]* complex in addition
radiation and nicked filter (40 kV, 30 mA) and scanningp other complex speciésThe formation of complex ions
electron microscopy. The values of pH were measured by ptdy inhibit the deposition of tin because the complex ion
meter. Potentiodynamic cathodic polarization measuremecénnot be reduced as easily as the fre&i@m In addition to
were recorded by using a potentiostat/galvanostat. The IHE complexation process, the gluconate ions may be adsorbed
curves were recorded by computer. The measurements|weréhe electrode surface and block the preferential sites for tin
carried out in a three-electrode cell having a steel cathoddgeaosition. This phenomenon increases the overpotential for
platinum anode and a reference saturated calomel electribaereaction by decreasing the sites available for discharge of
(SCE). The composition of the baths for the electrodeposi|tioretal ions It is noted that the increase in cathodic polariza-
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of tin is listed in Table 1. tion is accompanied by progressive evolution of hydrogen as
a side reaction. Inspection of the data in Fig. 2 reveals that an

Results  &Discussion increase in SfAcontent in the bath shifts the potentiodynamic

Poteniodynamic ~ Cathodic  Polarization Cunves cathodic polarization toward the less negative values and

Figure 1 illustrates the potentiodynamic cathodic polar{zéicreases both the peak and limiting currents. These results
tion curves for the electroplating of tin from acidic stannptiBay be related to the increase in the relative concentration of
sulfate solution in the absence and presence of vari§®’ ions, particularly in the cathodic diffusion layer; this is
concentrations of sodium gluconate. The curves were SN@j{ected in the decrease of overpotential associated with tin
from the rest (zero current) potentials toward more negatif@position. An increase in the cathodic current efficiency
values. In the absence of sodium gluconate (bath Sn—1),{eE) for tin electrodeposition is expected from solution
current increased, starting from the rest potential (about [3@mntaining high content of SnGO

mV vs. SCE) and reaching a maximum (peak) at about 4775The effect of pH of the gluconate bath on the
mV. Beyond the peak current, the curves show a limitiiptentiodynamic cathodic polarization curve was investi-
current in the po- )
tentialrange-885to = [ % 1 i s |
-1200 mV. Subse- . | a
quently, the current \ -~
increased rapidly — 4tq | " -
with further in- | ~
crease in the poten- |
tial as a result of
hydrogen evolu-
tion. The appear- 8 1
ance of the limiting | ]
current on the A J
potentiodynamic LY ul /
cathodic polariza- 10 Y | /
tion curve is prob- T —— S
ably caused by aiidl

mass-transfer con- # o — = T __ —= = b -
trol of Sr?ions with b o B B B M ’ &nS0,, gL

natural convec- L mAdGm

P . ) ) ) _ Fig. 6—Effect of concentration of SnSéh cathodic cur-
tion.*The addition  Fig. 5—Effect of current density on cathodic current effi- rent efficiency for tin electrodeposition from baths contain-
of gluconate ionsin ciency for tin electrodeposition from bath (Sn-5) at T = 31 jng 70 g/L GH,,O,Na, 10g/L KSQ, at T=31Cand | =

°C.

5.6 mA/cri
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Table 1 Tabe 2

Composifon  of Tin Ping  Baths Efect of Cument Densty on Throwing Power
i &Throwing Index of Gluconate Bath (Sn-4)
Bath Concentration, g/L pH T=31 °C
No. SnSQ Sodium gluconate  KSO,
Sn-1 10 0 10 1.6 I TP T
Sn-2 10 10 10 1.6 mA/cm? %
Sn-3 10 30 10 1.6 5.6 14 13
Sn-4 10 50 10 1.6 8.3 21 2.0
Sn-5 10 70 10 1.6 11.1 74 6.7
Sn-6 20 70 10 1.6
Table 3
> % BB I e o samoime owemen o
"~ Throwing Power &Throwing Index of Gluconate Baths

Sn-9 50 70 10 1.6 | =56 mA/lcn?, T =31 °C
Sn-10 50 70 10 3
Sn-11 50 70 10 2.2 Bath No. TP % T
Sn-12 50 70 10 1.1 Sn-3 11 1.2
Sn-13 60 70 10 1.€ Sn-4 14 1.4
Sn-14 40 0 10 1.9 Sn-5 20 1.7

gated and the results are shown in Fig. 3. The polarizatiaes. In addition, it is possible that the stability constants of
curve shifts to less negative potentials with decreasing| gHe tin—-complex decrease with an increase of temperature.
This shift in polarization is accompanied by an increasg in
both the peak and limiting currents. In an acidic medium| tiathodic Cument Eficency  (CCE)
Srt? ions are bound into the complex via a ligand carboxYhe effects of applied current density, bath composition, pH
group, and the stability constants have relatively low vaJugslue and temperature on CCE for tin electrodeposition from
(log k; = 3.01 and log k= 2.28);" but increasing pH gluconate baths were studied. Figure 5 shows the effect of the
coordination on the secondary alcohol group is followed layplied current density on CCE for tin deposition from bath
liberation of protons (F). Formation of a chelate ring is alsqSn-5). The data reveal that CCE decrease markedly with
possible. This process leads to an increase in the stabiligreasing applied current density up to about 10 mA/cm
constants of the complex and this is reflected in an increasen tends to level off. This finding implies that hydrogen
in cathodic polarization. Elevation of the temperature of{tk&olution takes place as a side reaction at especially high
gluconate bath, however, decreases the potentiodynagierent densities. On the contrary, an increase in tin content
cathodic polarization and increases both the peak and linyitthe bath greatly improves CCE. Data of Fig. 6 show that
ing currents (Fig. 4). Such behavior may be attributed t9 t8€E increases from 20 to 98 percent with increasing $nSO
depolarization effect of temperature on the activatiagontent in the bath from 10 g/L (bath Sn-5) to 50 g/L (bath
overpotentials of the reducible ions. Moreover, an increage3f-9), respectively. It is obvious from Fig. 7 that an increase
temperature enhances the concentration of the reducible ipngluconate content in the bath has no significant influence
in the diffusion layer as a result of increasing their diffusiasn CCE. Figure 8 illustrates the influence of pH (from 1.1 to
3), fromwhichitis
= — — clearthatatlow pH
values (<1.6), CCE
-— e = 10 I [ — is high and closes
i T | to 100 percent.
o - ‘ g8 \ Above this pH
| value, CCE de-
o6 -| | | creases with in-
b creased pH. The
\ increase of pH
L} leadstoanincrease
‘ e ' inthe stability con-
\ | stants of the com-
=l plex ions formed.
‘ |  Reduction of the

CCE. %
CCE. %
L
=

concentration of
i T e , |  the free SIt ions
a' 18 $5 A% dAp Mg #a I % 44 1E 3 zmo o2z za 2m za 3o az N the bath there-
Sodlum glusensts, CH, 0 Na. gil BH fore occurs.
Fig. 7—Effect of concentration of | O,Na on the ca-  Fig. 8—Effect of pH on the cathodic current efficiency for The effect of
thodic current efficiency for tin electrodeposition from tin electrodeposition from baths containing 10 g/L SpSO  temperature on

baths containing, 10 g/L Sn$A0 g/L KSO,at T =31C 70 g/L GH,,O,Na, 10 g/LKSQ at T =31°C and | = 5.6 CCE for tin depo-
and | = 5.6 mA/ct mA/cni.
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Table 4

Effect of SnSQ Concentration  on Throwing Power

&Throwing Index of Gluconate Baths
| =5.6 MA/cn?, T=31 _C
Bath No. TP % TI
Sn-7 16 2.0
Sn-9 14 1.3
Sn-13 11 1.2
Table 5

Effect of Temperature on Throwing Power

&Throwing Index of Gluconate Bath Sn4
| =5.6 mA/cn?
T°C TP % Tl
31 14 1.1
40 14 1.2
50 14 1.25
{174 e
-_,r' ‘“\\-.
i X
.
uf
B w h\
Fig. 9—Effect
\ of temperature
i) onthe cathodic
ER i .
| current effi-
\ ciency for tin
" electrodeposi-
T O — ; ___| tion from bath
20 L 10 HE an it 51 4= (Sn-9)atl=5.6
Tamp, ‘G mA/cm.

sition from the optimum bath (Sn—-9) can be seen in Fig
Increasing the bath temperature decreases the value of
from about 100 percent at T = 3T to about 84 percent at

Fig. 10—Photomicro-
graphs of tin deposited
from: (a) tin deposited
from bath (Sn-14), | =
5.6 mA/cA T = 16 C,
time = 15 min, 2000X;
(b) tin deposited from
bath (Sn-8), 1 =5.6 mA/
cm?, T =16 °C, time =
® 15 min, 2000X.

deposited tin produced from the gluconate bath (Sn—8) was
also examined by X-—ray diffraction (XRD); the result is
shown in Fig. 11. The data indicate that the deposits consist
of singleB—phase with tetragonal structure. It was observed
that the highest reflection intensity of tifisphase corre-
sponds to the (204) and (220) preferential orientations, al-
though (101), (301), (321) and (411) orientations were also
observed. To gain more information about the phase structure
of the as—deposited tin from the bath (Sn-8), however,
potentiodynamic anodic stripping voltammograms (ASV)
were conducted. In these experiments, tin was electrodepos-
ited potentiostatically on platinum substrate at a given depo-
sition potential for a constant time (4 min). At the end of that
time, each potential was swepsituin the same solution by

).@ linear potential scan rate of 20 mV/sec into the anodic
@OEentials. Figure 12 shows the anodic stripping
Tvoltammograms for tin deposited at -700 mV, curve (a) and

=50°C. These data agree well with the results obtained fr@ah-1200 mV, curve (b). Each stripping response exhibits a

the cathodic polarization curves (Fig. 4).

The optimum plating conditions determined by expe
ment are: 50 g/L SnSPO70 g/L GH,,0,Na, 10 g/L KSQO,
pH 1.6, T =22 to 40C and | = 5.6 mA/crh

Surface  Morphology &Structure  of the Deposits

The surface morphology of the as—deposited tin was e
ined by scanning electron microscopy (SEM). Figure
shows the surface of some tin deposits obtained fro
gluconate-free bath (Sn—14), photo (a) and from a glucor
containing bath (Sn-8), photo (b). It is clear that in
absence of gluconate ions, shapeless and dendritic-gr
deposits were obtained. The deposits were rough, not
pact and the surface of the substrate was observed
presence of the sodium gluconate in the bath, howsg
substantially improved the quality of the deposits as show
photo (b). In this case, smooth and compact deposits
produced on the whole surface of the substrate and cong
of block—like crystals. Itis probable that this improvemen
the quality of the deposits is related to complexation of §
ions by gluconate ions that inhibit the outward growth of

single anodic peak corresponding to tin dissolution. Beyond
srihe peak, no residual tin on the substrate could be detected
visually. The charge consumed for tin dissolution increases
with increasing negativity of the deposition potential. The
appearance of one anodic peak supports the data of XRD: that
the deposit consists of one phaBephase).

am-

Throwing Power & Throwing Index of the Bath

mrlae throwing power (TP) of the gluconate baths was mea-
aggred using a Haring—Blum cell under variable conditions,
treach as current density, bath composition and temperature.
ailbed TP values of these baths were calculated using the
campirical Field’s formula at the distance ratio of (1:3) and the
Téwsults are given in Tables (2-5). Concerning the results
viagluded in Table (2), it is clear that increasing the current
rdensity strongly improved the TP of the bath. This trendin the
weagiation of TP could be related to the effect of cathodic
igpt@ldrization on the distribution of current between the two
tieathodes. An increase in current density enhances the ca-
Sthodic polarization, which has strong leveling power. This is
the agreement with Wagner theofthe current distribution

grains but allow lateral growth. The structure of the
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asn the two cathodes becomes more uniform (secondary).
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Fig. 11—X-ray diffraction pattern of tin deposited from bath (Sn-8), | = 5.6 mA/Tm

31 °C, time = 15 min.
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Fig. 12—Anodic stripping voltammograms of a deposit obtained from
(Sn-8) at T = 31°C with scan rate of 20 mV sec at different depos!
potentials.

1

Improvement of TP could also be achieved by increasin
gluconate contentin the bath (Table 3) because the gluc
ions create an overpotential, resulting in a large polariza
resistance having strong leveling power. On the contrar
increase in tin content in the bath decreases its TP throug
decrease in cathodic polarization (Table 4). On the @
hand, changing the bath temperature causes no signi
influence on TP (Table 5).

A graphical method for expressing the results of
throwing power measurements was suggested by V. 3l
al.?° In this method, the metal distribution M was plotted
the linear ratio L (within the range from L = 1 to 3),
arithmetic coordinates. The reciprocal of the slope of this
is called throwing index (TI) and represents a direct meg

Edd |
Lin=ar ralia; L

Fig. 13—Effect of current density on the throwing index of
gluconate baths from bath (Sn-9) at T = ¥L

ture and morphology of the deposited tin were examined. It
was found that the presence of gluconate ions in the bath
increases the cathodic polarization because of the complex-
ation of free St¥ ions. The cathodic current efficiency
increased with increase of the tin content in the bath but
decreased with increase in pH, temperature and current
density. The presence of the gluconate ions in the bath
improves the quality of the deposit and throwing power of the
bb th. X-ray diffraction analysis (XRD) and anodic stripping

foltammetry (ASV) proved that the tin deposit consists of
one phaseff-phase) with tetragonal structure. The optimum
conditions are: 50 g/L Sn§070 g/L GH,,O,Na, 10 g/L
K,SO, pH 1.6, T = 22 to 40C and i = 5.6 mA/cr
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