Performance Characternistics
Prepared Tin

By S.M. Silaimani,

Among the metals widely used in plating, tin is one of th
mostimportant because it plays a key role in the electronic
and can-manufacturing industries, and because of it
good solderability and excellent corrosion resistance in

variety of atmospheres. The authors suggest that a
electrochemically prepared tin plating solution is superior
to a commercial product.

Electroplating of tin from a fluoboric acid bath is preferr

mainly because of the solubility of the salt, which increds
the operating current density and the rate of deposition, as

experienced in high-speed plating. The bath is quite s
and no sludge forms on the anode. Generally, tin fluobg
required for the bath is prepared by chemical metfio
which gives rise to numerous problémguring bath
preparation and electroplating, resulting from the presen
contaminants. A suitable electrochemical method of prepa
tin fluoborate has been standardized by the authors.

In this paper, the performance characteristics of
fluoborate electrolyte prepared by an electrochemical me

are compared with those of commercial tin fluoborgj

solutions, with reference to (1) the solution properties, (

effect of impurities, free acid concentration, etc.) and|(g)

deposit propertiesi.e., porosity, corrosion resistance
solderability, reflowing ability). The surface morphology
the deposits was studied by SEM and XRD methods.

Experimental ~ Procedure
Hull Cell experiments were conducted to optimize the cur
density at which desired deposits could be obtained, u
electrochemically prepared tin fluoborate (Bath A) as we
commercial tin fluoborate (Bath B). A 267-mL Hull Cell w
used at a plating current of 2 A and duration 5 min., usin
electrolyte of the following composition:

Tin fluoborate: 80 g/L (as tin)

Free fluoboric acid: 125 g/L

Gelatin: 6 g/L

Beta-naphthol: 1 g/L

Deposition was carried out by varying the free al

concentration and metal content. The effects of met
impurities, such as Zf Fe? and Ni?, were also evaluated

Throwing Power

The throwing power of the electrolytes was compared, u
the Haring-Blum Cell at a current density of 1 Afdihe
percentage of throwing power was calculated using Fig
formula. Experiments were conducted at various free
concentrations.

Electroplating of Tin

Deposition was carried out from Baths A and B at vari

of Electrochemically
FHuoborate
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concentrations, (125, 150 and 175 g/L), by passing a fixed
quantity of electricity with the help of a coulometer and a

regulated power supply. Experiments were carried out only at
room temperature. From the gain in weight, the efficiency
was calculated.

Properies  of Electroplated Tin

orosity of the electroplated tin, coated over steel, from the
e’vgo baths, was detected by the following tests:

1. Ferroxyl test

?ggg 2. Hot water test
d 3. Electrographic test

Fpecial test papers were prepdreg impregnation in a
Blution containing 50 g/L NaCl and 50 g/L gelatin and
"@9ing. They were rewetted in 50 g/L NaCl solution again just
before the test, then pressed against the electrodeposited
nel and left for 10 min. The papers were immersed in 10 g/
tNOdoution of potassium ferricyanide. Blue marks developed

N
”

A% the region where steel was exposed through discontinuities

in the coating, were counted by examining the surface in a

icroscope at 10X magnification. The porosity of the coating

2 was expressed as the percentage defective area.

of The coated specimens were immersed in hot waterat 95
C for six hr; the pores in the deposit were examined by
metallurgical microscope.

The special paper prepared above was sandwiched between
‘g anodei(e., the test specimen) and an aluminum foil
Stthode. A current density of 5 mA/dmas applied for 3
|&§in. The paper was then developed with potassium
Aferricyanide. The percentage defective area was calculated as
0 @®scribed earlier. Panels with coating thicknesses of 2.5, 3.5
and 5um were used for testing porosity.

Saderabily
Panels with coating thickness of 2.5, 3.5, 5 andut®
obtained from the two baths were used for testing solderability,
Cithich was measured by placing a fixed volume of solder on
altige test specimen, which was heated to 220The solder
-melted and spread over the surface. The sample was then
cooled, and the area of spread was measured with a planimeter.
Spread factor for a particular test surface was calculated by
5liging the equation:

x 100

Ids’
acid

Percent spread factor

where D is the diameter of the sphere having a volume equal
to that of the solder used and H is the height of the solder
hgehere. The solderability of the coatings was rated as suggested

current densities, (1, 2 and 3 A/§rand at various free aci
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Fig. 1—Hull Cell pattern from electrochemically prepared tin fluobor.
solution (Bath A) at various free acid concentrations: (a) 100 g/L; (b
125 g/L; (c) 150 g/L; (d) 175 g/L.
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Fig. 2—Hull Cell pattern from commercial tin fluoborate solution (Bal
B) at various free acid concentrations: (a) 100 g/L; (b) 125 g/L; (c) 1

g/L; (d) 175 g/L.
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Reflowing

Panels with coating thicknesses of 1.0, 1.75 ang Wwere
flow-melted in a palm oil bath maintained at a temperature of
240-260°C for 10 sec, then water-quenched. This treatment
helped in filling even the small pores in the deposit and
produced a lustrous finish. A bright, smooth coating
completely covering the surface indicates acceptable gifality.
The coating reflectivity is measured after flow-melting using
a UV-visible-NIR spectrophotometer. The light source used
was a tungsten-iodine lamp. A high-alumina pellet was used
as the reference mode.

Comosion  Resistance  Studies

The corrosion resistance of coatings 2.5, 3.5, 5.0 angufr®.0

in thickness were estimated by potentiodynamic method,

using a bioanalytical system. The potentials were scanned
over 150 mV, in both the cathodic and anodic directions from

the open-circuit potentials with suitable IR corrections. The

intercepts of the linear portions of the two polarization curves

give i, and E_ values??

The corrosion resistance of deposits with thicknesses of 5
and 10um were also assessed by conducting salt spray
experiments in 5-percent sodium chloride solution, with 8 hr
spraying followed by 16 hr rest. The hours of spraying, as
well as total hours spent in the cabinet until the onset of
failure of the sample, as indicated by red rust formation, were
recorded. The corrosion resistance of the panels was evaluated
according to ASTM standards.

The surface morphology of the electrodeposits obtained

from the two baths was examined under higher magnification

to assess the grain size, nature of deposit, and number of
pores, using a scanning electron microscope. X-ray diffraction
(XRD) with CuKa radiation was used to understand the
phase orientation and lattice parameters of the deposits.

Results and Discussion

The Hull Cell pattern obtained in the absence of any addition
agent showed high whisker growth, with a non-coherent
deposit. In the presence [dhaphthol (1 g/L) and gelatin (6
g/L), the whisker growth totally disappeared, yielding matte
white and semibright deposits in the high- and low-current
density regions, respectively. The Hull Cell patterns obtained
from electrochemically prepared tin fluoborate (Bath A) is
shown in Fig. 1 (a, b, c and d). It is evident from this figure
that as the free acid concentration increases from 100 to 150
g/L, the current density region for the semibright deposit
decreases, yielding a wider current density range for getting
a matte white deposit. This trend is observed only up to 150
g/L free fluoboric acid; further increase in concentration
yields only an insignificant difference. These results suggest
that a free acid concentration of 125to 150 g/L is optimum for
a satisfactory deposit.

The Hull Cell patterns obtained from the commercial tin
fluoborate bath in the presence of same addition agents show
aslight difference (Figs. 2a-d). As the free acid concentration
is increased from 100 to 150 g/L, the matte white deposit is
present over the entire range. Only above 150 g/L of free acid
are semibright deposits obtained in the low-current-density
region. This difference is explained on the basis of impurities
present in the electrolyte.

It must be mentioned here that the commercial bath
containing 100 g/L of free acid becomes slightly turbid after

_'I{he experiment. This may be because of insufficient free acid
D

o solubilize the stannous ion at the cathode, resulting in
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precipitation of tin hydroxide, the cause of the turbidjtycurrent densities for both semibright and matte white deposits

Consequently, the deposit obtained from the bath containituft to a higher value, from 5 A/dito above 8 A/df resulting

100 g/L free acid is rough, a likely result of incorporation af reduction of the grey powder formation (Figs. 3a-c).

the precipitate. In the commercial tin fluoborate bath, a complete matte
In an electrochemically prepared fluoborate bath, when tivbite deposit only is obtained with increase in tin content

metal concentration in the solution is increased from 50 to 1(Fdgs. 4 a-c).

g/L, while maintaining the free acid content at 125,

Throwing Power

The results of the throwing power experiments given in Table

1 indicate that the tin fluoborate solution prepared by

A electrochemical method (Bath A) offers better throwing

power than the commercial tin fluoborate solution. Table 2

shows that the current efficiency of the deposit decreases

with increase of free acid concentration. The two baths under
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Fig. 3—Hull Cell pattern from Bath A at various tin concentrations: ) .1\: N \\: \:\i \1,\: N D
| N | S

(a) 40 g/L; (b) 80 g/L; (c) 120 g/L.
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Fig. 5—Effect of various metallic impurities: (a) 0.4%Zrtb) 0.8%

Fig. 4—Hull Cell pattern from Bath B at various tin concentrations: | Zn'% (c) 1.2% Zn?; (d) 0.04% Ni2; (e) 0.04% Fe¢; (f) 0.08% Fe?;
(a) 40 g/L; (b) 80 g/L; (c) 120 g/L. (9) 0.12% Fe2.
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Fig. 6—SEM photomicrographs of tin deposits: (a) from bath A; (b)
from Bath B

2

study show the same trend that results from increased hyd
evolution. The lower efficiency of Bath B, compared to B
A, however, can be a result of the presence of impuritig

Effect of Impuriies

Analysis of the two electrolytes shows that zinc, nickel

iron are present as trace impurities above the specified

in electrolyte B. These impurities may have modified t
Hull Cell pattern of the Bath B. This is further confirmed
the addition of known quantities of the metal impurities
bath A; the Hull Cell patterns obtained are shown in Fig
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Fig. 7—X-ray diffraction pattern of deposit from Bath A.
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Fig. 8—X-ray diffraction pattern of deposit from Bath B.

Addition of zinc to Bath A modifies the semibright natu
of the deposit in the lower current density region to a m

white, with increase of ZA concentration (Figs. 5a-c).

Addition of nickel results in extending the gray powdg

Table 1
Throwing power of Tin Fluoborate

Baths

Solution Concentration % throwing power
free HBF4, g/L 1 A/dnv¥
Bath A
1. 125 45.2
2. 150 50.7
3. 175 56.3
Q Bath B
1. 125 37.7
Al 150 454
S 3 175 51.1
and Table 2
evel Cathode Curmrent Efficiency
ne
by Solution Concentration % Current Efficiency
to free HBF,, g/L 1 A/[dm?2 A/dm?3 A/dm?
. 5Bath A
1. 125 99.4 98.9 97.6
2. 150 96.7 96.5 96.0
3. 175 95.9 95.6 95.6
Bath B
1. 125 97.2 95.6 94.1
2. 150 94.6 93.6 91.6
3. 175 89.9 87.4 86.5
Table 3

Porosty  at Different

Solution Coating % Defective area
thickness,um Chemical
method method
Deposit from Bath A
1. 2.5 10 14
2. 3.5 8 8
&, 5.0 2 &
Deposit from bath B
1. 2.5 24 29
2. B35 14 20
&, 5.0 6 9
Table 4
Polarization Behavior of Tin Coating
Solution Coating (= leorr
thickness,um mV mA
Bath A
1. 2.5 -575 4.59 x
2. 3.5 -545 1.59 x
3. 5.0 -539 7.33 x
re Bath B
atte 1. 2.5 -582 1.46 x
2. 3.5 -566 9.07 x
ry 3. 5.0 -558 1.23 x

pattern toward less-current-density regions (Fig. 5d). There

is no marked difference in the pattern with addition ¢f &e
concentrations between 0.04 and 0.12 percent (Figs. 5¢

The results of all three tests listed in Table 3 indicate that
porosity of the deposits decreases as the thicknessisincr

Coating  Thicknesses

Electrographic Hot

water

16
10
5)
33
25
13

10

10

19

1

1

1

>-@).the higher side compared to the other tests, which may be
a result of the higher temperature and extended duration of
the test. The deposit obtained from Bath B is more porous
than that from Bath A. This can be attributed to the presence

eafehpurities in Bath B and this was further confirmed by

from 2.5 to 5um. The results of the hot water test are slightiy

October 1996

Wtructural examination.
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Table 5
Sat Spray Results
Solution  Deposit Thickness  Protective  Appearance
um rating No. rating No.
1. Bath A 5 5.6 4.4
2. Bath A 10 7.1 6.1
3. Bath B 5 4.5 4.0
4. Bath B 10 6.7 5.6
Table 6
Saloerabity
Soln. Coating Dia. Sphere % Spread Remarks
thickness  solder height  factor
um sphere  (H)
mm mm
Bath A
1. 25 7.98 2.4 69.9 Fair
2. 35 8.74 1.8 79.4 Good
3. 5.0 10.09 1.0 90.1 Excellent
4. 10.0 10.09 1.0 90.1 Excellent
Bath B
1. 2.5 6.18 3.4 45.0 Very poor
2. 35 7.14 2.8 60.8 Fair
3. 5.0 7.78 1.6 70.9 Good
4. 10.0 7.78 1.6 70.9 Good
D
%S = x 100
Table 7
Reflectivity after Fow Meling
Solution Coating thickness % Transmittance um
Bath A
1. 1.00 30.2
2. 1.75 28.4
3. 2.50 6.9
Bath B
1. 1.00 20.0
2. 1.75 18.7
3. 2.50 7.9
Comosion  Tests
Potentiodynamic  Polarization

The results of potentiodynamic polarization are summari
in Table 4. As the coating thickness is increased from 2
10um, the corrosion current decreases by as muchuas 5
thereafter it remains constant in both cases. These nun
support the porosity results. The corrosion current for
deposits from Bath B is always higher.

Salt  Spray

The results of the salt spray test conducted for 1680 h
shown in Table 5. The appearance rating of the dey
obtained from Bath B at a thickness qfrh is “4,” while the

deposit obtained from bath A is 4.4. For a thickness afi10
the recommended ASTM rating to pass the test is “4.”

deposit obtained from Bath A meets this requirement, evé
athickness of fm. A similar resultis obtained with thickne
of 10um also, indicating that the deposits obtained from B

Table 8

X+ay Diffraction Resuits
Solution 20 d hkl Lattice
parameters
A. Electrochemically prepared bath
1 31.500 2.838 101 6.200
2 43.800 2.063 220 5.834
S 62.100 1.493 112 6.110
B. Commercial bath
1. 31.600 2.829 101 6.097
2 43.800 2.063 220 5.834
3 44.300 2.034 (This peak corresponds to iron)
4 61.980 1.498 112 6.290
5 64.200 1.450 400 6.980
6 72.600 1.301 420 5.810
7 79.200 1.208 312 5.870
h? + K?

O
1/2h + FIC?

appearance rating in both cases is around “4,” for a thickness
of 5um, the protective rating is poor for the deposit from bath
B. These results confirm the results obtained by porosity
tests.

Table 6 lists the solderability of tin deposits of various
thicknesses obtained from the two baths, A & B. Note that the
percentage spread factor increases from 69.9 to 90 percentin
the case of deposits obtained from Bath A and from 45t0 70.9
percent in the case of deposits obtained from Bath B, with
increase of thickness from 2.5 tquB. These results imply
that a tin coating with better solderability is obtained from
Bath A. The results of solderability of the coating agree well
with the porosity results as expected, because solderability
depends on thickness and porosity.

Reflowing
After flow melting, the reflectivity of the deposit drastically
decreases after 1.78n, which is the result of formation of
distinct beads in the case of deposit from Bath A and matte
patches with slight beads from bath B (Table 7). For deposits
from Bath A, the thickness can be well belowj21%to obtain
smooth, glossy pore-free flow melting, whereas the deposit
z&xdm Bath B needs greater thickness.
5to
Morphology
nIsE/ photomicrographs of the deposit obtained from Baths A
tBeB with thickness of 1(um are shown in Fig. 6. The deposit
obtained from Bath A has more uniformly spaced grain size
with no voids, whereas the deposit from Bath B shows
needle-like structure with many voids. The difference in
r aneictural morphology can be attributed to the difference in
dsithavior with respect to porosity, solderability, flow melting
and corrosion resistance of the coating.

Theay Diffraction Pattems

2Tae X-ray diffraction patterns of the deposits obtained from
s8Baths A & B (Figs. 7 & 8) show noticeable differences. The
atlvo-theta values are shifted and numerous peaks are observed

A are superior to those from Bath B. Even though
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thie the deposits from Bath B. Although the presence of
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impurities in the deposit is not distinct, it can be conclu

from the presence of numerous peaks that the directig

crystal orientation is different for the two deposits. T

assorted orientations of the crystal may be the reason fa

dullness of the deposit obtained from Bath B. fiklvalues

and average lattice parameters are shown in Table 8.

Findings

1. The Hull Cell patterns of the deposit from t
electrochemically prepared bath differ from t
commercial, as a result of impurities in the commer
bath. Under identical conditions, the current efficier
for the deposition and throwing power of the electrol
prepared by electrochemical method is better than
obtained with the commercial electrolyte.

. The deposits obtained from the electrochemically prep
tin fluoborate are less porous, more easily solderable
more corrosion resistant than those from the comme
bath.

the electrochemically prepared fluoborate bath are n
compact than those obtained from the commercial b

Editor's note: Manuscript received, March 1996.
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